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PRELIMINARIES 

 

The habilitation thesis represents a synthesis of the author's scientific interests, 
activities and results, conducted after obtaining the Ph.D.. The doctoral degree in 
technical sciences was obtained in 1999, after the public presentation of the thesis 
entitled "Contributions to the optimization of processing parameters of 
unconventional cotton-type mixtures in the carded cotton spinning mill", elaborated 
under the scientific direction of Professor Univ. Dr. Mat. Eng. Mihai CIOCOIU. 

The results obtained in the scientific research activity are summarized in the 
habilitation thesis and provide information on my professional and scientific 
interests, individual and within research teams, after being awarded the title of 
doctor, over a period of twenty years. 

The main scientific results are synthesized and interrelated presented, describing 
the research directions adapted to the development of the field of industrial 
engineering, within the national and international context. Innovative scientific 
approaches in the field of the optimization of the processing in the field of textile 
industry and, respectively, the conformity assessment of technical textile products 
have been targeted. 

The habilitation thesis is written in English and next to the overview, it includes 
three sections which summarize the scientific and professional achievements, the 
scientific, the professional and the academic plans for career development and, 
finally, the bibliographical references of the first section. 

The first part of the habilitation thesis (A) provides two chapters including the 
scientific, professional and academic achievements of the author, as follows. 

The first chapter (I) includes a general presentation of the professional 
achievements, with reference to the representative elements of the didactic and 
professional activity, the research activity and the recognition of academic and 
scientific visibility, after obtaining the Ph.D.. This chapter also lists the scientific 
articles published as a single author, first author and/or co-author, in internationally 
renowned journals and conferences, which constitute a personal contribution to the 
development of research axes in the doctoral field.  

The second chapter (II) provides an overall presentation of the scientific results of 
this habilitation thesis, according to the research directions that fit into the current 
context of the development of innovative techniques of production and quality and 
conformity assessment, by two key factors interconnected, digitalization and 
sustainability. To this respect, the scientific contributions to the approach of the field 
of the thesis have been summarized, with three main research directions organized 
in separate subchapters, as follows. 
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Subchapter II.1 refers to the first research direction and includes the results of own 
or team research, related to the latest achievements on the optimization of textile 
processing, also presenting the original software tools developed for specific 
applications in the spinning mills. It is an approach of the innovative techniques 
solutions for the virtual optimization of mixtures design and processing in the 
cotton spinning mill, which is in accordance with today’s context of the digitalization 
of technological processes. In the same spirit and given the international concerns 
regarding sustainability, research results considering the inclusion of organic cotton 
in textile products (fabrics and knits) were also presented. 

Subchapter II.2 refers to the second research direction and contains the results of 
own or team-based research, regarding the conformity assessment of technical 
textile products, a relevant area of development within the textile value chain, from 
every stakeholder's perspective. Emphasis is placed on the conformity assessment 
of textile products not only in agreement with the specifications imposed by the 
destination but also in agreement with the needs of the consumers, in the globalized 
consumer market. In this context, published results of the researches regarding the 
conformity assessment of the technical textile products are presented, from three 
groups defined globally: compression stockings (Medtech group); technical sewing 
thread for leather, thick technical fabrics and upholstery fabrics (Clothtech group); 
upholstery fabrics (Hometech group). 

Subchapter II.3 refers to the third research direction and presents the results of 
own or team research, concerning the assessment of the sensory comfort of textile 
materials for clothing, but also of functional textile materials intended for the 
manufacture of "smart" textile products. There are also presented software tools 
developed for specific sensory analysis applications. 

The second part of the habilitation thesis (B) is devoted to the perspectives of 
professional development, didactic and research, in connection with the current 
state of the academic career and research interests of the author. The scientific 
activity carried out in recent years has been confined to a personal strategy for the 
development of the academic career, reflecting the concordance with the didactic, 
professional and research path followed by the author after 1999. As expected, the 
next stage after obtaining the habilitation attestation is intended to be a 
continuation of the harmonious correlation between the didactic activity and the 
scientific research. As an international feedback on my research activity it is worth 
mentioning the 83 citations in the databases, as follows: 21 citations in Web of 
Science (h=3), 27citations in SCOPUS (h=3) and 35 citations in Google Scholar (h=5). 

The third section of the habilitation thesis (C) includes bibliographic references 
related to the first section, with the identification of scientific achievements, own or 
within a team, published in prestigious journals and conferences. 

The results of the research carried out and presented as main contributions are 
extracted from own works or developed in research teams, published in journals of 
high international impact and, respectively, published in the volumes of scientific 
events with a wide international visibility, with participation and presentation, in 
USA, Slovenia, Greece , Turkey, Croatia, Bulgaria and, of course, Romania.  
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A. SCIENTIFIC, PROFESSIONAL AND ACADEMIC 

ACCOMPLISHMENTS  
 

I. OVERVIEW OF PROFESSIONAL CAREER 

ACHIEVEMENTS 
 
 
The habilitation thesis „CONTRIBUTIONS TO THE OPTIMIZATION OF TEXTILE 
PROCESSING AND THE CONFORMITY ASSESSMENT OF TECHNICAL TEXTILES", 
summarized my own results and those of the research team, provided mainly in the 
following published articles, which are those contributing to the habilitation thesis 
content. 
 
Chapter II.1. Contributions to the optimization of textile processing 
1. Harpa R., Applications of multicriteria analysis in cotton mill, Textile Research 

Journal, Sage Publications, ISSN: 0040-5175, eISSN: 1746-7748, Vol 78(5), Pages: 
421–426, 2008, DOI: 10.1177/0040517507083490, Published: 2008, WOS-IF: 

1,096 (zona roșie) 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=19 

2. Harpa R., A few aspects of spinning mills in competitive markets, 7th International 
Conference on Management of Technological Changes, Alexandropoulos, Greece, 
Sep 1st-3 rd, 2011, Book 1, Pages: 17-20, Published: 2011, WOS,  
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=16 

3. Harpa R., Software package for teaching students, allowing the virtual 
optimization in textiles, 10th International Scientific Conference on eLearning and 
Software for Education (eLSE) , Bucharest, Romania Date: Apr 24-25, 2014, Book 
Series: Vol IV, Pages: 335-342 ,Published: 2014, WOS,  
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=13 

4. Harpa R., Software package for teaching students, allowing the virtual 
optimization in textiles. Part II, 11th International Scientific Conference on 
eLearning and Software for Education (eLSE), Bucharest, Romania, Apr 23-24, 
2015 Book Series: Vol. III, Pages: 568-573   Published: 2015, WOS, 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=11 

5. Harpa R., Cotton yarns’ weavability assessment: investigation on raw material 
properties for denim, ITC & DC: 6th International Textile Clothing & Design 
Conference - Magic World Of Textiles, Oct 7th–10th, 2012, Dubrovnik, Croatia, 
http://itcdc.ttf.unizg.hr, Book Of Proceedings, ISSN 1847-7275, Pages: 505-511, 
Published: 2012 , WOS,  
https://www.researchgate.net/profile/Rodica_Harpa/publication 
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6. Harpa R., Analysis on green knitted fabrics made out of organic cotton yarns, and 
natural dyed, 47th International Federation of Knitting Technologists  Congress, 
Izmir/Turkey, Sept. 25 – 26, Pages: 112-117, ifkt.ege.edu.tr, Published: 2014,  
https://www.researchgate.net/profile/Rodica_Harpa/publication 

 
Chapter II.2. Contributions to the conformity assessment of technical textiles 
1. Harpa R., Piroi C., Radu C. D., A new approach for testing medical stockings, 

Textile Research Journal, Sage Publications,  ISSN: 0040-5175,  eISSN: 1746-
7748, Vol 80(8), Pages: 683–695, DOI: 10.1177/0040517509343781, Published: 
2010, WOS-IF:1.227(zona roșie)  
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=18 

2. Piroi C., Harpa R., Radu C. D., Some issues about tensile testing of medical 
stockings. Part I: Axial tensile testing of medical stockings, Proceedings of 
International Scientific Conference – Innovative Solutions for Sustainable 
Development of Textiles Industry, May 27-28, 2011, Oradea, Romania, Annals of 
University Oradea. Fascicle of Textiles-Leatherwork, ISSN:1843-813X, Vol.XII(1), 
Pages: 97-103, Published: 2011, CNCSIS B+, 
 http://textile.webhost.uoradea.ro/Annals/Vol%20XII-Nr1-2011.pdf 

3. Harpa R., Piroi C., Radu C. D., Some issues about tensile testing of medical 
stockings. Part II: Fatigue testing of medical stockings, Proceedings of 
International Scientific Conference – Innovative Solutions for Sustainable 
Development Of Textiles Industry, May 27-28, 2011, Oradea, Romania, Annals Of 
University Oradea. Fascicle of Textiles-Leatherwork, ISSN:1843-813X,Vol.XII(1), 
Pages: 103-109, Published: 2011, CNCSIS B+,  
http://textile.webhost.uoradea.ro/Annals/Vol%20XII-Nr1-2011.pdf 

4. Harpa R., Piroi C., Radu C.D, Testing methods employed for assessing the features 
of yarns designed for medical stockings, 14th Romanian Textiles and Leather 
Conference- CORTEP’ 2012, Sept 6th – 8th, Sinaia, Book Of Proceedings, ISSN: 
2285-5378, Pages: 185-191, Published: 2012,  
https://www.researchgate.net/profile/Rodica_Harpa/publication 

5. Harpa R.,Quality garment by means of quality seam, 7th International Conference 
on Management of Technological Changes Location: Alexandropoulos, 
Greece, Sep 01-03, 2011, Management of Technological Changes, Book 
1, Pages: 21-24  , 2011, WOS, 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=17 

6. Harpa R.,, Approach to evaluation of the sewing threads designed for leather 
products, ITC&DC: 6th International Textile Clothing & Design Conference - Magic 
World Of Textiles, Oct 7th–10th 2012, Dubrovnik, Croatia, Book of Proceedings, 
ISSN 1847-7275, Pages: 500-505, Published: 2012,  
https://www.researchgate.net/profile/Rodica_Harpa/publication 

7. Harpa R., Piroi C., Sewing threads for upholstered furniture, 17th Romanian 
Textiles and Leather Conference, Proceedings of CORTEP 2018, Nov 7th -9th , Iasi, 
Romania, Pages: 63-66, Published: 2018, 
 https://www.researchgate.net/profile/Rodica_Harpa/publication 
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8. Harpa R., Piroi, C., Cristian, I., Updated trends in technical textile industry: 
Interdisciplinary approach and customer oriented products, pursuing functionality 
and performance, Buletinul AGIR, Vol. 1, Jan - March, Pages: 108-117, ISSN – L 
1224-7928, ISSN(online) 2247-3548, Published: 2018, CNCSIS B+ 
https://www.buletinulagir.agir.ro/articol.php?id=3004 

9. Cristian, I., Harpa R., Piroi, C., Comparative study on the quality of upholstery 
woven fabrics I: Tensile and shear resistance, Buletinul AGIR, Vol. 1, Jan - March, 
Pages: 134-141, ISSN – L 1224-7928, ISSN (online) 2247-3548, Published: 2018, 
CNCSIS B+ https://www.buletinulagir.agir.ro/articol.php?id=3008 

10. Piroi C., Cristian, I., Harpa R., Comparative study on the quality of upholstery 
woven fabrics II: Abrasion resistance and flammability, Buletinul AGIR, Vol. 1, Jan - 
March, Pages: 142-149, ISSN – L 1224-7928, ISSN(online) 2247-3548, Published: 
2018, CNCSIS B+ https://www.buletinulagir.agir.ro/articol.php?id=3009 

 
Chapter II.3. Contributions to the assessment of the sensory comfort of textiles, 
including the functional ones 
1. Harpa R., Visileanu E., From fabric design to the dress manufacturing considering 

the fabric's suitability with the end use, Industria Textila, Vol: 69, Issue: 6 ,Pages: 
434-439, Published: 2018, WOS -IF:0.504  
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=Gen
eralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=6 

2. Harpa R., Fabric hand: approach by means of software package for teaching 
students. Part I. Software development, Conference: 12th International Scientific 
Conference on eLearning and Software for Education (eLSE) , Bucharest, 
Romania , Apr 21-22, VOL III   Book Series, Pages: 512-517, Published: 2016, 
WOS, 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=9 

3. Harpa R., Fabric hand: approach by means of software package for teaching 
students. Part II. Software applications, Conference: 12th International Scientific 
Conference on eLearning and Software for Education (eLSE) , Bucharest, 
Romania , Apr 21-22, VOL III   Book Series,  Pages: 518-525, 2016, WOS, 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=10 

4. Harpa R., Cristian I., Piroi, C., STAT-ConCor: Software for validating the panel of 
assessors, subsequently to the fabric hand evaluation, The 13th International 
Scientific Conference on eLearning and Software for Education, April 27-28, 
Bucharest, Vol 3, Pages: 431-438, Published: 2017, CEEOL 
https://www.ceeol.com/search/article-detail?id=540485) 

5. Harpa R., Hanganu P. A. G., Characteristics of woven fabrics for comfortable 
summer dresses: subjective and objective evaluation,  15th Autex World Textile 
Conference 2015, June 10-12, The Palace Of The National Military Circle 
Bucharest, Romania, Conference Proceedings, ISBN 978-606-685-276-0, 
Published: 2015 
 https://www.researchgate.net/profile/Rodica_Harpa/publication 
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6. Harpa R, The quality of woven fabrics as a hint about the skirts' quality, designed 
for business women, eRA-11 International Scientific Conference, 21st - 23rd of 
September, 2016, Piraeus, Greece, Pages: 56-62, Published: 2016  
http://era.teipir.gr/sites/default/files/engineering_ii.pdf 

7. Harpa R., Selecting wool-type fabrics for sensorial comfort in women office 
clothing for the cold season, using the multi-criteria decision analysis, 17th World 
Textile Conference of the Association-of-Universities-for-Textiles (AUTEX 
2017), Greece , May 29-31, 2017,  IOP Conference Series-Materials Science and 
Engineering,  Vol: 254,  Article number:  UNSP 142009 , Published: 2017, WOS, 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=8 

8. Harpa R., Piroi C., Blaga M., Sensory analysis: approach for total handle evaluation 
of wool-type fabrics, Aegean International Textile and Advanced Engineering 
Conference (AITAE 2018) , Greece , Sept 05-07, 2018,  IOP Conference Series-
Materials Science and Engineering ,  Vol: 459, Article Number: 012045, 
Published: 2018, WOS,  
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=4 

9. Piroi C., Harpa R., Oprea M., Regarding the effect of finishing processes on some 
properties of stretch denim fabrics, Aegean International Textile and Advanced 
Engineering Conference (AITAE 2018) ,Book Series: IOP Conference Series-
Materials Science and Engineering,  Vol: 459, Article Number: 012059, Published: 
2018, WOS, 
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=5 

10. Harpa R., Piroi C., Cristian I., et al., Sensory analysis of textiles: case study of an 
assortment of stretch denim fabrics, Industria Textila, Vol: 70, Issue: 4, Pages: 
358-365, Published: 2019, WOS-IF:0.504  
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=Gen
eralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=2 

11. Tadesse M. G., Harpa R., Chen, Y., et al., Assessing the comfort of functional fabrics 
for smart clothing using subjective evaluation, Journal of Industrial Textiles, Vol: 
48, Issue: 8, Pages: 1310-1326 , Published: 2018, WOS -IF: 1.884( zona roșie)  

http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=
GeneralSearch&qid=1&SID=D4xaEKao94tydLUpkm2&page=1&doc=1 
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II. SCIENTIFIC CONTRIBUTIONS TO THE HABILITATION 

THESIS DOMAIN APPROACH 
 
II.1. CONTRIBUTIONS TO THE OPTIMIZATION OF 

TEXTILE PROCESSING  
 
 
In the competitive markets, the spinning mills must accomplish a superior relative 
value of yarns by means of quality and price. In this chapter, the optimization of the 
textile processing refers to the manufacturing within spinning,  that have side effects 
on the weaving and knitting. This is because, as a strategy, the processing 
optimization in spinning is responsible for getting the best characteristics of yarns, 
delivered according to specified end uses. Assuring customer satisfaction for a long-
lasting supply also implies quality management with included advanced measuring 
systems within both the technological flow and testing laboratory. In addition, 
dedicated software using statistical analysis tools for suitable evaluation of 
processing data and quality characteristics of products is needed.  

The proper quality of yarns could be achieved only if the quality of the raw material, 
the high performance of the processing equipment, the quality of the labor and the 
overall management allow it. Subsequently, the yarn quality comprises the raw 
material quality and the quality of the processing [1].  It was stated in the literature 
that there are two main factors concerning the quality of processing in cotton 
spinning mills: the lack of complete integration of the fiber quality aspect in the 
process of yarn manufacturing, related to the process of cotton fiber selection, and 
the difficulty of handling the variability in fiber properties, related to cotton fiber 
blend [2- 4]. 

In the cotton spinning mill, as in overall textiles processing area, the raw material is 
the most expensive comparing to other expenditure. Therefore, the processing of a 
good quality cotton yarn for a specified destination necessitates the “knowledge” of 
the mixture and its “behavior” in the spinning mill. Regarding the transfer of the raw 
material properties to the yarn’s properties, researches revealed the existence of 
some factors, mechanical and technological, which should be considered as most 
relevant, even from the yarn design stage. Among these, the fiber mixture design and 
processing, as well as the adjustments within the drafting processes must be 
acknowledged, otherwise they may turn into disturbing factors, generating quality 
issues in spinning mill and, afterwards, in weaving and knitting [4-6].  

The yarn characteristics may be explained by the characteristics of the constituent 
fibers and of the mixture processing and, the cotton, being a natural fiber, has many 
characteristics that can affect the processing performance. Therefore, the 
assessment of a mixture recipe is appropriate if we consider the overall correlated 
fiber properties and not only the average values, separately. In addition, the up to 
date trends in the development of textile machinery and the competition between 
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the cotton-type yarns producers involve a high performance of the cotton fibers 
control technique [1, 7]. To this respect, the information gathered by a high-
performance quality control should be used effectively for a selection of cotton 
fibers mixtures, as available from different suppliers and always depending on the 
raw material purchasing potential.  

To have a high-quality productive spinning, the fibers for the mixtures must be 
selected suitable with the spinning systems adjustments [5, 7, 8]. When purchasing 
cotton as raw material, as well as when performing the mixtures, the spinners must 
know, for every yarn end use, what the correct range for the adequate values of the 
fiber characteristics is [2, 8].  

Usually, a wide range of structural and physical-mechanical features depending on 
the different variety, crop, batch, and bale, characterizes any cotton raw material. 
These features have strong implications in the processing evolution and in the 
sustainable quality of the subsequent yarns and, therefore, they must be 
appropriately evaluated and quantified. Studies of the raw material influence on the 
yarn quality revealed that, when the raw material from successive cotton batches 
supplied by the same producer has a high level of variation, certain issues arise 
regarding the achievement of mixtures for adequate spinning and adequate 
processing in fabrics [8, 9].  

Another potential issue that spinners must face and manage refers to the drafting 
process, so to the drafting systems. In spinning mills, the drafting process is 
acknowledged as decisive for the evenness of the yarns, which is the main feature of 
the yarn quality profile, specified by the client according to the end use. The drafting 
is essential for the processing on draw frame and roving frames, and, as a final 
processing phase, the ring spinning has to be approached carefully, because the lack 
or the poor correlation between the raw material and the drafting system 
adjustments may turn into disturbance that can affect the yarn evenness [1, 10, 11].  

To study the technological implication of the drafting system on the ring spinning 
machine, the spinners could reach a timely control of spinning due to the statistical 
analysis for computing the experimental data [9, 10, 11]. This allows obtaining a 
more favorable yarn quality profile that comprises a feature difficult to estimate to 
obtain a certain quality, which is the yarn unevenness. Comprising the structural 
mass variation of yarn, the unevenness is a decisive feature within the textile supply 
chain, because spinning a yarn with good structural uniformity is a basic condition 
for obtaining the best quality in weaving and / or knitting [1, 3, 8, 9]. 

In accordance with the above concerns, came out the conclusion that statistical data 
analysis requires specific analysis techniques, basic or advanced, all with the same 
purpose – the overall quality management [3, 11, 12, 13].  

Consequently, within the textile companies, the quality management tasks must be 
particularly linked with the concern of meeting customer requirements, thus 
ensuring effectiveness and efficiency. Thus, a computer-aided design of fibers 
mixtures and a computer-aided design of yarn quality profile is needed in the 
spinning mills. 



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

12  

 

 

 

 

II.1.1. VIRTUAL OPTIMIZATION IN TEXTILE PROCESSING 

 
In support of managing the topic process-product quality control and optimization, 
the STATISTICA software package was developed. This was actually one of the 
outcomes of a national research grant, intended to facilitate the cotton mixtures 
features achievement and their processing in a cotton spinning mill, to ensure 
effectiveness and efficiency as an important link within the textile value chain. The 
objectives underlying the software package required the achievement of three 
separate software tools, namely STAT-ADM (Statistical Analysis with Multicriteria 
Decision), STAT-ADT (Statistical Analysis with Tri-factorial Dispersion) and STAT-
MFD (Statistical Analysis with MultiFactorial Design), [14, 15]. 

The STATISTICA software package was designed using the Delphi visual 
programming environment (Inprise Corporation registered trademark) with Pascal 
and Data Base Engine Paradox, with the possibility to be set up with any available 
version on 32 bit of the Windows operating system. 

After requiring a user name and a password, the STATISTICA software package 
offers the option to work in parallel with any of the three applications (STAT-ADM, 
STAT-ADT or STAT-MFD) and has main working sessions for each one: data input, 
visualization and print lists, see Figure 1. When opening a new session, the default 
data input and the active single screen area remain on top, just below the title bar 
which includes the main menu bar and the quick launch toolbar. Each module has its 
own menu and can be activated by a mouse click /pressing ENTER, for a certain 
option or by launching an action. 

 

 
Figure 1. Screenshot: launch of STATISTICA software and main menu 

 
 

II.1.1.1. STAT-ADM FOR ADVANCED STATISTICAL ANALYSIS IN SPINNING 

MILL 
 

STAT-ADM Algorithm 

The software STAT-ADM was designed based on the Electre decision–making tool 
algorithm [3, 9, 16], which consists of the following subsequent stages [12, 14]: 

• The establishment of the specific consequences’ matrix for the possible 
alternatives; this matrix includes the assessment of the acknowledged 
consequences on the strength of the evaluation criteria and alternatives;  

• The calculation of the importance coefficients, after the criteria listing and 
grading according to the technical relevance; 

• The utility matrix calculation for each criterion (for the maximum and minimum 
consequences); 
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• The calculation of the concordance indexes matrix for every two variants, 
considering only the importance coefficients of the criteria and not the rank in 
the hierarchy of each criterion and revealing the performance of a direct relation 
between two variants; 

• The discordance indexes matrix calculation for every two variants, considering 
only the importance coefficients of the criteria and not the rank in the hierarchy 
of each criterion and revealing the performance of a reversed relation between 
two possible variants; 

• The differences matrix calculation for every two possible variants, considering 
the differences between the concordance and the discordance coefficients which 
are not comparable;   

• Display of the array variants hierarchy, by means of the ascending order of the 
difference values. 

In the above algorithm, a specific terminology (i.e. criteria, consequences, 
importance coefficients, grading) was used and the meaning was explained in the 
Applications part. 

 

STAT-ADM software application 

An application of Statistical Analysis with Multicriteria Decision software in the 
cotton spinning mill aimed to achieve a 100% cotton mixture for proper 
characteristics of a 20 tex open-end yarn designed for knitting [12, 14]. 

Experiments have been performed on seven batches of Uzbekistan medium cotton 
fibers from the 2004 crop, processed according to seven formulas of 100% cotton 
mixtures (M1-M7), in a cotton spinning mill with high performance equipment.  

When starting the fiber preparation, the blow room system divided the fiber batches 
for seven mixture formulas, from sixty bales each. From the point of view of the 
blending conditions, the controlled mixing was considered suitable because all sixty 
bales of fiber were selected and laid out for simultaneous flock extraction.  

  Table 1. Specifications of average properties of cottons (Uster® HVI) 
Quality 
characteristics 

UM Mixtures  
M1 M2 M3 M4 M5 M6 M7 

Fiber length 
 (Upper Half  Mean 
Length ) 

UHML, inch         
(mm) 

1.138 
28.93 

1.165 
29.61 

1.149 
29.14 

1.146 
29.07 

1.123 
28.52 

1.153 
28.92 

1.101 
27.97 

Uniformity Index UI ,  % 89.08 85.6 84 87.6 89 85.3 92 
Micronaire Mic  4.5 4.51 4.74 4.54 3.72 4.5 4.51 
Bundle strength  Str , g/tex 28.49 27.41 27.76 26.75 23.66 25.14 25.43 
Elongation Elg , % 4.5 5.9 5.86 5.9 6.1 6.3 6.4 
Color Color 

grade  
C Grade 32-2 31-3 32-1 21-4 21-1 21-1 21-2 

Reflection Rd, % 74.2 32-1 74.6 78 78.7 79.3 77.9 
Yellowness  + b, % 9.4 74.6 9.8 9.5 9.1 9.1 9 

Trash Grade  Tr Grade 1-
0.22-

19 

1-
0.22-

19 

1.2-
0.25-

24 

1.4-
0.28-

18 

1-
0.09-

7 

1.1-
0.16-

18 

1-
0.16-

11 
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The quality control of blended fibers was performed by means of modern testing 
technology, namely bundle fiber testing system Uster® HVI 900. The average values 
for the seven mixture formulas subjected to processing on the rotor spinning system 
are presented in Table 1.  

Considering the work algorithm for running the STAT-ADM software, the selection 
criteria were listed for the seven mixtures. Their grading was determined in 
accordance with the quality characteristics that have a special impact on the quality 
profile of designed yarns.  

According to literature, the following fiber attributes, most important for rotor 
spinning, were considerate as the analysis criteria: fiber strength, fiber fineness, 
fiber length and variation in fiber length [3,9].  

The dialogue windows from STAT –ADM are presented in Figures 2, 3, 4 and 5. 
Running through the subsequent stages from the algorithm of STAT-ADM software, 
the criteria were given grades according to their technological weight and then the 
importance coefficients were calculated, see Figure 2: 

C1: Strength (Str, g/tex): given grade 10, importance coefficient 0.3; 
C2: Micronaire (Mic): given grade 9, importance coefficient 0.26; 
C3: Fiber length (UHML, mm): given grade 8, importance coefficient 0.24; 
C4: Uniformity index (UI, %): given grade 7, importance coefficient 0.2. 

The consequence specification matrix for the possible variants is presented in Table 
2 and also, visualized in Figure 3. 

Table 2. Analysis criteria of cotton variants (average values of fiber characteristics) 
   Criteria 
Variants 

C1 
(Str, g/tex)  

C2 

(Mic ) 
C3 

(UHML, mm) 
C4 

(UI, %) 
M1 28.49 4.5 28.93 89.08 
M 2 27.41 4.51 29.61 85.6 
M 3 27.76 4.74 29.14 84 
M 4 26.75 4.54 29.07 87.6 
M 5 23.66 3.72 28.52 89 
M 6 25.14 4.5 28.92 85.3 
M 7 25.43 4.51 27.97 92 

 
The rising order of the difference sum accounts for the hierarchy of the mixture 
recipes, ensuring the best mixture alternative that corresponds to the maximal 
positive value of the difference sum column, in Figure 4.  

In Figure 5, the ranking showed the mixture recipe M1 as being the most adequate 
for the processing on the open-end system spinning. The following recipe within the 
hierarchy of the assembly properties of the fibers was M4, followed by M2 and M3. 
According to the multicriteria decision analysis, the most inappropriate fibre recipe 
was the mixture M5.  

By applying the STAT-ADM software, the analysis and evaluation of the dataset was 
simple and quick: a ranking of the mixtures accomplished by Uzbekistan cotton was 
obtained, to be selected and processed in carded mills on open-end spinning 
systems. The main requirement was only to decide on the technological significance 
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of certain fibers characteristics on the adopted spinning system.  

 
Figure 2. Main window (criteria input; criteria 
order input; measured value input) 

Figure 3. Work window– consequence and 
utility matrix 

 
Figure 4. Work window – concordance, 
discordance, difference matrixes; difference sum 
calculation 

Figure 5. Main window presenting also the fiber 
hierarchy 

 
 

II.1.1.2. STAT -ADT FOR ADVANCED STATISTICAL ANALYSIS IN SPINNING 

MILL 
 
STAT-ADT Algorithms 

The software STAT-ADT was designed based on the Hierarchical Classification with 
Three Factors of Variation algorithm [3, 9, 14], which consists of the following stages: 

• Selection of key factors (three causes of variation as independent variables);   
• Grouping of the experimental data (individual values of the tested 

characteristics) according to certain factors, achieving the hierarchical scheme 
with three causes of variation; 
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• Implementing the analysis of variance (ANOVA table) by means of intermediary 
computation for sum of squares, degrees of freedom, and mean squares, 
conducted through successive steps;  

• The examination of the effects, provided for the grouping factors: the three 
causes of variation (main effects), the interactions between factors - two by two - 
and the higher order interaction (between all three factors). The latter is defined 
as the cause that involves the residual variation after all the others were 
emphasized. Deciding on the effects involves the comparison of the dispersions 
caused by significant factors and the dispersion due to the random factors; 

• Testing the statistically significance of the variation causes (factors effect): the F 
test is carried out to highlight values significance with a 95% probability level, 
considering the experimental error for F ratio, and the comparison of these 
values with the theoretical values of F. The latter can be identified with 5% 
statistical significance from the F distribution tables according to the degrees of 
freedom. 

 

Applications of STAT-ADT software  

An application of Statistical Analysis with Tri-factorial Dispersion software in the 
cotton spinning mill aimed to asses and optimize the hairiness of a 100% cotton 
yarn designed for woven fabrics, processed by means of different spinning system : 
ring spinning and rotor-spinning[13,14]. 

Major quality issues concerning the yarn manufacturing are available as feedback 
from the weavers, knitters, traders, and retailers. Hence, in the yarn manufacturing, 
the spinners are focusing on the blending conditions to make adequate mixture of 
raw material. However, cotton is a raw material with a high degree of heterogeneity 
concerning the physical and mechanic features, mainly because of the 
environmental and harvesting conditions, the heterogeneity manifesting itself even 
within bales of the same batch supplied from the same producer.   

Considering the above aspects, was studied an assortment of cotton fibres supplied 
from Kazakhstan (RKA), Kyrgyzstan (RKY), Tajikistan (RTA) and Uzbekistan (RUZ), 
harvested in 2008. Processed according to four 100% cotton mixtures on the ring 
spinning and on the rotor spinning frames, the recipes have been made as follows:  
RTA: from 60 bales out of 6 batches (combinations of 10 +9+7+10+12+12 out of each 
batch); 
RKY: from 60 bales out of 6 batches (combinations of 12 +12+12+12+10+2 out of 
each batch); 
RTA: from 60 bales out of 9 batches (combinations of 7+7+7+7+4+7+7+7+7 out of 
each batch); 
RUZ: from 60 bales out of 5 batches (combinations of 12 bales out of each batch); 

The classification system for the raw material before the processing was performed 
by means of Uster® HVI 900, for ten samples drew out from each batch and the 
overall characteristics are presented in Table 3. The benchmarking for the raw 
material features was obtained as Uster Statistic Percentile values (USP 01) by means 
of Uster® Statistics – edition 2001 [17, 18], and  it can be seen that all cotton recipes 
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were characterized as having adequate average values of features (USP01 = 5 to 
50%). 

 
Table 3. Overall qualitative characteristics of the cotton fibers from mixture recipes 

Quality 
properties 

UM RKA RKY RTA RUZ 
Mean CV 

% 
USP01 

% 
Mean CV 

% 
USP01 
% 

Mean CV 
% 

USP01 
% 

Mean CV 
% 

USP01 
% 

Fiber 
length  

lf, 
inch 

1.12 2.1 - 1.11 1.08 - 1.07 1.27 - 1.14 2.6 - 

Uniformity 
Index 

UI, 
 % 

90.3 2.6 5 80.7 0.95 75 83.8 2.18 25-
50 

87.6 4.9 5 

Micronaire Mic  4.1 6.6 50 4.5 2.9 50 4.5 2.2 50 4.5 2.8 50 
Tenacity   Str, 

g/tex 
30.6 1.6 25 26.3 3.7 75 26.2 4.26 50 26.7 6.9 50 

Elongation Elg, 
% 

6.4 3.9 50 6.4 1.4 50 5.8 2.77 50 5.9 3.7 50 

 
Next to the average values of the quality characteristics of cotton recipes were the variation 

coefficients since the cotton variability may alter the evenness characteristics of the subsequent 

yarns. 

As shown in Figure 6, based on the characteristics of the raw material, a prediction 
regarding the future yarns quality profiles designed for weaving requires attention 
mostly regarding the yarn hairiness, which usually generates issues on the 
subsequent processing and on the appearance of woven fabrics. The four mixtures 
can be classified depending on the overall variability: the recipe with the lowest 
variability is the RKY, followed by the RTA, and the less homogeneous is the RUZ 
cotton recipe. In practice, the variability of the Micronaire value (CVMic, %) is a 
particularly important feature, denoting the potential uniformity of yarn and fabrics. 

 
 

Figure 6. Configuration of the raw material variability 
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From the above four mixture recipes, a count range of 100% cotton yarns designed 
for woven was spun separately, on ring and on rotor systems.  

Within the spinning mills laboratory, the yarns hairiness is evaluated on the 
USTER®TESTER 4 system and the spinners can use this testing tool to redefine the 
yarn quality as a combination of the following four information, valuable for the 
fabrics appearance: the yarn appearance integrity (the evenness variations, thick 
places, thin places, and neps), the surface integrity (hairiness, the surface structure, 
the diameter, the shape), the purity of the yarns (seed coat fragments, trash, dust, 
foreign fibers) and the bulk integrity (the count, the density, the twist). 

 
Table 4. Hierarchical structure with three causes of variation 

A RKA 
B Ring  spinning Rotor spinning 
C Ne 20 

( 30tex) 
Ne 23.6  
( 35tex) 

Ne 29.5 
 (20tex) 

Ne 20 
( 30tex) 

Ne 23.6  
( 35tex) 

Ne 29.5 
 (20tex) 

D 
 

5.34 7.42 6.69 4.81 5.02 4.35 
6.27 6.34 6.72 5.64 4.98 4.79 

A RTA 
B Ring  spinning Rotor spinning 
C Ne 20 Ne 23.6 Ne 29.5 Ne 20 Ne 23.6 Ne 29.5 
D 
 

7.22 7.77 6.13 5.82 4.77 4.92 
7.26 7.07 6.42 5.43 4.7 5.09 

A RKY 
B Ring  spinning Rotor spinning 
C Ne 20 Ne 23.6 Ne 29.5 Ne 20 Ne 23.6 Ne 29.5 
D 
 

7.74 7.27 6.22 5.91 5.16 4.83 
7.22 7.69 6.33 5.74 5.1 5.54 

A RUZ 
B Ring  spinning Rotor spinning 
C Ne 20 Ne 23.6 Ne 29.5 Ne 20 Ne 23.6 Ne 29.5 
D 
 

6.08 7.34 6.58 5.72 5.15 4.69 
6.41 7.69 6.76 5.38 5 4.77 

Note: D-Hairiness measurements 

Table 4 shows the three causes of variation (mixture, spinning technique and count 
range), as follows: 
A-Mixture recipes accomplished with 100% cotton from the four suppliers: 
Kazakstan (RKA), Kyrgystan (RKY), Tadjikistan (RTA) and Uzbekistan (RUZ); 
B-Spinning systems: ring and rotor; 
C-Count range for the subsequent yarns made from the for mixtures: Ne 20 (30tex), 
Ne 23.6 (35tex) and Ne 29.5 (20tex). 

In Table 4, all samples from the tested yarns, ring-spun and rotor–spun, have higher 
hairiness values. To this respect, the use of the original software STAT-ATF intended 
to facilitate the optimization of the yarns’ hairiness in cotton mills by providing 
analyses on the effect of three main factor of variation on the hairiness of the yarns, 
thus allowing emphasizing the tendency of pilling appearance.  
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Applying the ANOVA technique and performing the an
STAT-ATF and the F test, the resulting dialogue windows are presented in Figures 7 
and 8. 

 
Figure 7. Main window of STAT

 
To evaluate the statistically significance of the factors’ effect (causes of variation), 
each value of the F ratio must be compared with those in the F distribution tables to 
identify the theoretical values of F at a level of probability of 5%, for the related 
degrees of freedom. 

According to the above application of STAT
out. All three main effects, all three interactions (two
interaction were statistically significant. 

The goal of the statistical analysis was acco
causes of hairiness variation (mixture recipes, spinning systems, and count range) 
have significant influence on the yarns features and the most important factor of 
hairiness variation was identified as being the spi
were more suitable for rotor spinning. 

Moreover, the hairiness evaluation revealed that the subsequent yarns made of RTA 
recipe have more adequate values than the ring spun yarn.

From a technological point of view, this r
supply of raw material from the same source, the choice of an adequate spinning 
system and the adjustment of the nominal count range, might have important 
consequences on the yarns’ hairiness and on the finished fabric

A successful implementation of STAT
processing from fiber through yarn and into the fabric, for conformity with 
consumer specifications. 
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Applying the ANOVA technique and performing the analysis successive steps of 
ATF and the F test, the resulting dialogue windows are presented in Figures 7 

 
Figure 7. Main window of STAT-ATF Figure 8. STAT–ATF: Work window with 

corresponding analysis of variance

lly significance of the factors’ effect (causes of variation), 
each value of the F ratio must be compared with those in the F distribution tables to 
identify the theoretical values of F at a level of probability of 5%, for the related 

ccording to the above application of STAT-ADT the following observations come 
out. All three main effects, all three interactions (two-way), as well as the three
interaction were statistically significant.  

The goal of the statistical analysis was accomplished: all three factors selected as 
causes of hairiness variation (mixture recipes, spinning systems, and count range) 
have significant influence on the yarns features and the most important factor of 
hairiness variation was identified as being the spinning systems; thus, all mixtures 
were more suitable for rotor spinning.  

Moreover, the hairiness evaluation revealed that the subsequent yarns made of RTA 
recipe have more adequate values than the ring spun yarn. 

From a technological point of view, this research concluded that a long lasting 
supply of raw material from the same source, the choice of an adequate spinning 
system and the adjustment of the nominal count range, might have important 
consequences on the yarns’ hairiness and on the finished fabrics.  

A successful implementation of STAT-ATF may provide help to quality integrated 
processing from fiber through yarn and into the fabric, for conformity with 
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II.1.1.3. STAT-MFD FOR ADVANCED STATISTICAL ANALYSIS IN SPINNING 

MILL 
 

STAT-MFD Algorithm 

The STAT-MFD software was designed based on Multifactorial Design algorithm [3, 9, 
15] that involves the following steps: 

• Selection of key factors (qualitative factor and quantitative factor, as independent 
variables);   

• Grouping the experimental data as individual values of the yarn tested 
characteristics, according to the variation levels of both, qualitative and 
quantitative factors. Regarding the quantitative factor, the orthogonally condition 
must be respected, hence, equidistant and unitary levels of variation are 
necessary; 

• Overall qualitative analysis, by means of both key factors (qualitative and 
quantitative) considered as qualitative ones, provided a preliminary experiment 
and analysis of variance with two sources of variation  

• The analysis of the quantitative factor for each level of the qualitative factor, 
considering the orthogonality restrictions. This step refers to the main effect of 
the qualitative factor, to linear and second-degree (quadratic) effects of the 
quantitative factor, and to linear and quadratic interactions between both 
factors. The assessment of the effects involves the comparison of the dispersions 
caused by significant factors and the dispersion due to the random factors. 
Setting up the calculation of experimental variance (error) and the analysis of 
variance. Testing the statistically significance of the variation causes (factors 
effects and interactions) by means of the F test, to highlight their significance 
with a 95% probability level, considering the experimental error for F ratio 
calculation, and the theoretical values of F (from F distribution tables, for 5% 
statistical significance and according to the degrees of freedom); 

• Deploying the mathematical model by means of successive phases of software 
application: computing the coefficients of the regression equations for levels of 
the quantitative factor (equidistant and unitary); getting the regression 
equations in unitary values (meaning that the quantitative variable was 
converted in actual units in the codified variable with unitary values). 

 

STAT-MFD software application 

An application of Statistical Analysis with MultiFactorial Design software in the 
cotton spinning mill allows the computer simulation of the processing raw materials 
within the drafting systems on the ring spinning machine [15, 19].  

The suitable adjustments of the technological parameters for the drafting system at 
the ring spinning frame have a significant impact on the behavior of the fibers within 
yarn throughout drafting and spinning, most important being to get even yarns. For 
this, a correlation of the processed raw material with the drafting settings must be 
provided. 
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To this respect, the influence of the adjustments for an SKF-PK 225 drafting systems 
by means of certain factors as the drafting rollers loading, the opening at apron 
release point and hardness of roller cots on the yarn evenness was analyzed, aiming 
to provide the best configuration for spinning the 29.4 tex yarn, made of the binary 
cotton-type mixture 55 % cotton/45 % Leacryl.   

The raw material for spinning was assured as 0.74 ktex roving produced from three 
binary mixtures (named R02, R03 and R04) processed from Russian cotton and Leacryl 
cotton-type. The ring spinning frame was equipped with 3-line double apron 
drafting rollers SKF-PK 225 suitable for drafting cotton, man-made fibers and cotton 
type mixtures.  

The mixed factorial experiment assures the process design, using qualitative and 
quantitative factors, based on the orthogonal property of the considered 
quantitative factor [ 3, 9 ]. 

Therefore, the quantitative and qualitative experimental factors have been 
established, considering a combination of the loading from weighting arms and of 
the cot’s hardness: 

• As the quantitative factor was selected, the opening value "x" at the aprons 
release point (between the double aprons), has been assured by using the gauge 
clips in the drafting system. This can be considered a quantitative factor, because 
the upright distance between the front edges of the apron cradle and the bottom 
apron nose bar determines the intensity of the fibers control in the drafting 
fields. The SFK original gauge clips assures the "x" values considering the 
orthogonality condition as well (equidistant and unitary levels for the 
quantitative factors) so, for the top apron cradle OH 62 were available the 
following OLC distance clips: red (for “x”=2.2 mm), yellow (for “x”=3.3 mm) and 
grey (for “x”=4.1 mm). 

• As the qualitative factor, the binary mixture 55 % cotton/45 % Leacryl was 
selected.  For this work were available three mixtures named R 02, R 03 and R 04, 
from three suppliers, processed as 0.74 ktex roving and follow-up, processed on 
the Unirea FBC ring spinning frame (equipped with 3-line double apron drafting 
rollers SKF-PK 225); 

 
Table 5. Experimental values of the yarn’s unevenness after the mixed factorial design (Exp.1) 

Experimental 
variants 

1st Experiment (18 daN /10 daN/14 daN and 75/75 oSh) 

Mixture 
Distance clips 

R02 R03 R04 

X1 11.07; 11.95;  
11.1;11.92 

11.02;11.11; 
11.03;11.1 

11.92;11.27; 
11.58;11.48 

X2 10.72;11.64; 
11.22;11.01 

10.72;11.28; 
10.88;10.95 

11.34;10.89; 
11.15;11.18 

X3 10.84;10.44; 
11.48;10.8 

10.95;10.76; 
10.93;10.78 

10.8;11.49; 
11.29;10.9 

 
In practical use, the recommendations regarding the gather values for the drafting 
system settings on cotton ring frame with weighting arms of the PK200 series can 
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be: 14/10/11 daN or 18/10/14 daN as the loads settings for combinations of 
front/rear hardness cots [20, 21]. For the study case, the selected loading was 18 
daN /10 daN/14 daN. The hardness of roller cots was settled for three experiments, 
as follows: 75/75 oSh (Exp. 1), 83/75 oSh (Exp. 2) and 83/83 oSh (Exp. 3). Table 2 
presents the individual experimental values of the yarn unevenness (CVm %) 
obtained for the yarns produced within the first experiment.   

Figure 9 shows the main window of STAT- MFD software and the quick launch 
toolbar, and the Figures 10, 11 and 12 present the case study database for each of 
the three experiments. Figure 13 presents the Analysis of Variance Table generated 
for the first experiment with intermediary computing, also being necessary to insert 
the dispersions values from the F distribution tables.  

Figure 14 shows the regression equation as a mathematical model of the drafting 
process, considering the qualitative and quantitative factors related in the current 
experiment. Next, Figure 15 shows the regression equations as a mathematical 
model of the drafting process, considering the qualitative and quantitative factors 
related in overall experiments (Exp.1-3).  

Therefore, the graphic representation of all equations, as a mathematical model of 
drafting process, by means of the qualitative factor, for every level of variation of the 
quantitative factor was obtained.  

From the above mixed factorial experiments, valuable information can be drawn. 

As an overall evaluation, when the regression equations contain the codified 
variable (quantitative factor) in both, linear and quadratic part, main influences of 
the quantitative factor on the yarn feature, namely the unevenness, are revealed. 
Regarding the obtaining of the 29.4 tex yarns from the binary mixtures with the 
lowest values of unevenness (CV< 11%), the three mixtures variants were provided 
with the following combination in the drafting system: the largest opening at the 
apron release point, distance clips with “x2” = 4.1 mm, high pressure on top rollers 
18/10/14 daN, soft cots for rear and front top rollers 75/750Sh (experiment 1). 
Hence, in the drafting field will be provided the adequate spatial form variation for 
the fibers within the three binary mixtures. In this case, the fibers’ control in the 
“critical space” was improved with an adequate spreading of the fibers between top 
and bottom aprons. 
 
 

Figure  9. Screenshot: main window of STAT- MFD application and quick launch toolbar 
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Figure  10. Screenshot: the case study database 

(Exp.1) 
 

Figure  11. Screenshot: the case study database 
(Exp.2) 

  
Figure  12. Screenshot: the case study database   

(Exp.3) 
Figure  13 . STAT- MFD window with Table of the 

Analysis of Variance ( Exp.1) 
 

 

Figure  14 . STAT- MFD dialogue window “Current graphic experiment” 
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Figure  15. STAT- MFD dialogue window “Cumulative graphic” 
 

Therefore, the optimization of a technological process through mathematical 
modeling can be achieved with a mixed factorial experiment, and the adequate 
combination of the hardness cots for the rear / front top rollers, with loading setting 
on the top rollers and by choosing the gauge aprons, always depends on the raw 
material. 

In the IT&C age, the price of textiles worldwide is aimed at standardizing according 
to global quality standards. Thus, the quality requirements must drive the textile 
supply chain, and the spinning mills not conforming to these standards cannot be 
competitive anymore. All innovative techniques materialized in the textile 
processing, including the spinning processing, aimed at maintaining a balance 
between the global costs of manufacturing (for instance, corresponding to the 
globalization of the yarn market) by increasing productivity and reducing labour 
costs (through automation).  

Summarizing regarding the spinning processing, an issue was declared to be the raw 
material quality and, moreover, though the cotton fibers have an acceptable level of 
qualitative characteristics, their variability can be difficult to master. In this regard, 
the STATISTICA software package should facilitate the reduction of costs with the 
raw material and help to increase yarns quality.  

However, technical, and logistic support should be provided for the processing and 
conformity evaluation of fibers, slivers, roving and yarns, and facilities should 
include dedicated software to be applied as statistical tools for specific data analysis. 
Generating a new profile within manufacturing (with fibre selection, redesigning 
fibre mixtures and improving / upgrading the spinning strategies) involves 
processing optimization with well-timed testing and quality control.  

Nowadays, the flexibility of the technological process involves raw material supply 
worldwide and restrictive specifications regarding the textile products quality 
according to the destination, under given conditions. Consequently, particularly in 
spinning mills, there is a need to select fibers and make virtual mixes, allowing the 
yarn manufacturer to respond promptly to the customers’ requirements in terms of 
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product characteristics (customer interest), cost-effectiveness (producer/ supplier 
interest) and in compliance with the terms of delivery (the interest of both parties).  

Different spinning techniques require different fibres selection strategies, always 
related to the end use of the fabrics. As a result, every quality issue related to the 
spinning processing has side consequences on the fabrics’ quality and on the 
customer feedback. All these aspects clearly indicate that the race for economical 
compatibility can be simultaneously associated with a significant gap of yarn quality, 
unacceptable in competitive markets.  

Successive steps were taken by the author of this manuscript to achieve valuable 
outcomes in the field of processing optimization for the spinning mills: starting from 
the Doctoral thesis in 1999 ”Contributions to the Optimization of the Processing 
Parameters of Unconventional Cotton Mixtures in Carded Mill”, continuing with the 
national research grant (CNCSIS A2275, 2005) “Flexible system for the production 
and processing of fiber blends in cotton spinning, consisting of the development of 
dedicated software” and afterwards, with a project of knowledge transfer in the 
technological environment (6720P) “Studies on the optimization of cotton yarn 
spinning technologies in high-performance spinning”.  

Next, the research related with the topic aimed to provide an overall statistical tool 
to be useful for the industry but also for teaching. Considering the STATISTICA 
software package’s utility for the technological process optimization, it was included 
as eLearning tool for students to allow the computer simulation of the processing 
raw materials within spinning mill. Designed with a user-friendly interface, 
STATISTICA was supposed to be a digital support for students in achieving 
knowledge for the spinning processing field. 
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II.1.2. ORGANIC COTTON PROCESSING FOR GREEN FABRICS 

 
Textile companies are facing nowadays the need to reorient production in terms of 
sustainability and, more than ever, to have an open approach to the innovative 
technology and materials. In this context, the addition of the organic cotton as a raw 
material can be a choice, taking into account the sustainability alongside the quality 
of the subsequent yarns and fabrics, and can help manufacturers to start / to 
improve their chances to be part of a green textile supply chain. 

In the global markets, the weaving mills must focus on buying yarns with adequate 
quality and price for supplying woven according to the specifications or customer 
requirements, always considering the efficiency [1]. 

This topic has attracted a great interest for theoretical and experimental approach. A 
lot of work referred mostly to the weavability limits related to the weaving process 
conditions for obtaining the designed fabrics with explicit quality, through efficient 
weaving [2, 3, 4, 5]. Researchers studied the weavability restrictions of different 
weaving looms, of distinct categories of fabric design and of different kind of yarns 
as raw material or as spinning type of processing [2, 5, 6, 7]. As a result, several 
studies pointed out that a selection of the right type of yarn, for warp and for weft, is 
necessary to accomplish the end use demands for a specific woven fabric. In 
addition, it was emphasized the essential role of the quality assessment of 
processing at all stages, to supply the expected quality profiles of fabrics, [8, 9].  

In practice, it is well known that the woven fabric properties depend on the raw 
material (composition and properties of yarns), on the fabric structure (given by the 
manufacturing techniques) and on the finishing processes. Altogether it is stated 
that that the “weavability can describes the yarns' performance in the weaving 
process” and is the result of adequate interaction between all quality features of 
yarns, based on the raw material, with the weaving processing parameters and with 
the loom type. However, frequently, the fabric manufacturer knows only partial 
features of the purchased yarns, and issues may come out in fulfilling the specific 
quality requirements of fabrics. Therefore, for both, the fabrics producers and the 
fabrics customers, the yarns’ weavability features are some of the top subject to deal 
with [1, 8, 10]. In addition, for the entire textile chain, from fibers producers to the 
clothes retailers and consumers, a new challenge appeared: the commitment for the 
expansion of the global organic cotton and sustainable fiber supply and marketplace. 
This is because the classic cotton crops concern the environment and the community 
too, involving the uses of chemical compounds. Hence, a replacement should be done 
with the organic cotton that is growing from plants not genetically customized and 
has a minimal impact on the environment.  

As a worldwide outcome, textile companies reported significant commitments to 
“organic cotton programs” and assumed the implementation of standards 
addressing organic product traceability and sustainable textile processing [11, 12]. 
The latest global reports showed that the global organic cotton market grew by 20% 
in 2010 and to this achievement also contributed several top brands for clothing, 
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involved in promoting their more sustainable product collection, for instance by 
producing the “eco line of jeans”. Some apparel companies, including the denim 
jeans suppliers, are developing programs for using up to 100 percent of organically 
grown cotton. Regarding the fiber’s characteristics, a strong point is that it is 
assumed to be comparable with the conventionally grown cotton. Therefore, yarns 
made of organic cotton should be at least as durable as any other cotton yarn 
processed for weaving [11, 12]. It is important to point out that organic cotton is a 
lower grade cotton and future products could be designed for a typical customer 
niche with more expensive products.  

To this respect, another issue comes out:  the “organic cotton programs” have 
related issues in the textile chain because there are no standards for spinning, 
weaving, and processing organic cotton in textiles [11, 12]. 

Previous works highlighted experimental results that reveal a strong connection 
between the overall quality management, referring to the selection and testing raw 
material for spinning and, further, for weaving, providing products’ quality profiles 
adequate to the end uses [13,14,15,16]. 

 
 
 
II.1.2.1. THE WEAVABILITY OF YARNS MADE OF ORGANIC COTTON 
 
Considering the above arguments for processing the organic cotton products, this 
research focused on several methods for evaluating the properties of 100% cotton 
type yarns, made of conventional cotton and of organic cotton, in outlook of their 
weavability pathway, which is denim fabric on air-jet loom [17].  

The raw materials consisted of two types of 10 Ne/ 57 tex rotor-spun yarns, made of 
100% conventional cotton and of 100% organic cotton, supplied by the same yarn 
manufacturer and designed as warp for denim fabrics to be produced with air-jet 
loom. The successful technological processing depends constantly on the testing 
techniques and statistical tools involved in quality assessment [1, 8].  

In this research, the yarn samples were tested using the standardized methodology 
for high-performance laboratory systems USTER® TESTER 4 and USTER® 
TENSORAPID 4. 

• USTER® TESTER 4 allows the comprehensive investigation of yarns’ 
structural features by means of the appearance integrity (evenness, 
imperfections) and of the surface integrity (hairiness). 

• USTER® TENSORAPID 4 allows a comprehensive tensile testing of yarns to 
determine the yarns tensile features (breaking force, elongation, tenacity, and 
work done to break).  

The structural and tensile properties test results for both types of yarns were 
listed as average values in Table 6. 
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Table 6: Quality characteristics of 10 Ne /57 tex cotton yarns designed for warp of denim fabrics 
Yarns parameters Raw material Yarn “CO” 

(100% 
cotton) 

Yarn “OCO” 
(100%  
organic 
cotton) 

USP01 =50% 
(100%cotton, 
rotor) 

Symbol, U.M. 

Mass variation CVm, % 16.89 19.25 13.3 
Imperfections Thin places (-50%), 

1/km 
12.5 17.5 3 

Thick places 
(+50%),1/km 

177.5 182.5 35 

Neps (+280%) ,1/ km  11 17.5 8 
Hairiness H 5.5 6.5 6.4 
Variation of 
hairiness  

 CV H, % 4.4 5.8 4.5 

Breaking Force FH, cN 667.1 756.7 714 
Breaking Elongation E H, % 6.93 7.1 6.8 
Variation of 
Elongation 

CV E H, % 5.8 6.3 6.5 

Tenacity  RH ,cN/tex 11.7 13.27 12.7 
Variation of  tenacity CV RH, % 9.8 10.2 6.9 
Work to break WH, cNcm 1256 1420 1327.7 
Variation of work  CV WH, % 13.73 15.5 12.3 

 
In order to analyze the connections between actual and nominal characteristics 
according to the designed specifications for 100% cotton yarn, the table included 
Uster Statistic Percentile values [18]. The benchmarking for rotor–spun yarns 
features made of 100% cotton within the world quality levels provided overall 
yarn’s quality profile for USP 01 50%, as reference points for customer specifications. 
The quality characteristics of analyzed yarns emphasized differences between the 
two types of yarns because of the raw material: the yarns made of organic cotton 
have inferior average values for all characteristics, compared to those of the yarn 
made of conventional cotton. The benchmarking according to USP01 50%, 
considering the agreed yarns’ features by the customer for the potential denim 
fabric, was possible only for the yarn made of conventional cotton and the overall 
background allow to evaluate quality profile of  this yarns as below the 50% quality 
level. 

Besides the test reports, USTER® TESTER 4 has software that allows several 
simulations of the tested yarns on the computer screen and the results can be 
displayed as a taper board or as fabrics (woven or knitted). Therefore, to assess the 
appearance of the yarn within the future fabrics, the Figure 16 displayed the denim 
fabric simulation for 57tex rotor-spun yarns made of 100% conventional cotton and, 
100% organic cotton. 

The Denim fabrics simulations provided by Uster® Tester 4 established that yarns 
from 100% organic cotton have important influence on the fabric’s surface 
properties, affecting a potential destination for high quality standards in clothes. 
Customers for this kind of denim jeans should belong to a different niche from the 
casual coat niche which has special demands for jeans (informal wear but no poorer 
quality). 
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In practice, the average values of the quality characteristics for both yarns should 
have low values of variation coefficients, because the variability may affect the yarns 
features in the following processing, which is weaving. 
 

 
a. 

 
b. 

Figure 16: Denim fabrics simulation with Uster® Tester 4: 
 (a) denim  made of  CO yarn; (b) denim made of OCO yarn 

 
Figure 17 displayed a graphical configuration of the overall variability of the yarn’s 
variability (from Table 6) considering as a reference the mean quality level “CO_USP 
50%”.  

According to graphical configuration, the yarn made of conventional cotton revealed 
the lowest variability for all characteristics compared to the yarn made of the 
organic cotton, and this can be a clue referring to the denim fabrics surface and 
durability uniformity. 

To emphasize overall yarns quality profiles the microscope analysis of the 
longitudinal pattern of both kinds of yarns was performed. Figure 18 shows images 
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generated with Mesdan MACRO-LAB that is a Microscopic Computerized System for 
textile materials [9]. For this system, the video-camera connection with LEICA 
Stereo-Microscope enables by means of fixed focus lenses (0.63X, 1X, 1.6X ,2.5X or 
4X) a screen magnification rate increases (from 20X, 32X, 51X ,80X to 128x ) and the 
related field of vision decreases (from 11.6 mm, 6.8 mm ,4.1 mm, 1.9 mm to 1.6 mm).  

 
 

Figure 17.  Graphical configuration of the overall variability of the characteristics of analyzed yarns 
 
The microscope analysis of the longitudinal configuration for both types of yarns 
completed the yarns’ overall study, showing the typical open-end yarn’s structure. 
However, regardless of the similar count number, the yarn made of organic cotton 
appears to be hairier, as was expected from the beginning. 

 

  
a. b. 
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c. d. 

Figure 18: Microscope analysis of longitudinal configuration for 57tex rotor-spun yarns: (a) CO yarn- 
screen magnification 80X; (b) OCO yarn - magnification 80X; (c) CO  yarn- magnification 128X; (d)  
OCO yarn -screen magnification 128X 

 

Another outcome of this research refers to adequate statistical analysis, helpful for 
the evaluation of several significant factors for taking the step from designing to 
processing the denim fabrics with warp yarns achieved from conventional cotton or 
from organic cotton. 

In previous work [16] the original software STAT-ATF, based on the ANOVA 
technique by means of Hierarchical Classification with Three Factors of Variation, 
was presented as useful for the processing optimization in mills. The applied 
statistical analysis focused on the evaluation of cotton yarns' hairiness and the 
possibility to facilitate the spinning optimization in a cotton mill by means of three 
factors selected as causes of hairiness variation (mixture recipes, spinning systems, 
and count range). The most important factor of yarns hairiness variation was 
identified as being the spinning systems. 

In this research, the purpose of applying ANOVA technique was to evaluate the effect 
of three main factors (yarns batches from the supplier, raw material and yarn’s 
quality features) as criteria of variation on the yarns intended for warp in denim, see 
Table 7.  

Table 7. Hierarchical outline with three causes of variation 
Batch _1 Batch _2 

Cotton Organic Cotton Cotton Organic Cotton 
Yarns characteristics variation 

Structural 
features 

Mechanical 
features 

Structural 
features 

Mechanical 
features 

Structural 
features 

Mechanical 
features 

Structural 
features 

Mechanical 
features 

 CVm, %  CVWH, %  CVm, %  CV WH, %  CVm, %  CV WH, %  CVm, %  CV WH, % 
17.37 13.6 19.43 15.6 16.53 14.1 19.59 16.2 
16.44 13.5 18.82 14.8 18.1 14.6 19.11 15.8 
16.81 12.7 19.87 15.7 16.1 13.9 18.72 14.9 

 
This was a preliminary step pursuing the optimization of the weavability for specific 
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customer’s requirements. Regarding the yarns’ features, there were two categories, 
namely “structural features” revealed by means of mass variation (CVm, %) and 
“mechanical features” revealed by means of work-to-break variation (CV WH, %). 

The second stage of the variance analysis consisted of emphasizing the effects for 
the grouping criteria, by comparing the dispersions caused by significant factors and 
the dispersion due to random factors. After applying the ANOVA technique and 
pursuing the performance stages of the STAT-ATF software, after the consecutive 
steps and the F test, the resulting dialogue windows are shown in Figure 19. To 
verify the statistical significance of the causes of variation, the theoretical values of F 
identified at 5% probability level, from the F distribution tables, were analyzed 
against each F ratio value.  

The results of the STAT-ATF analysis show that the raw material and yarns’ features 
variation were statistically significant (for F 0.95; 1; 16 =4.49) and emphasized them 
as factors with considerable influence on the mass variation and work-to-break 
variation. The lack of correlation between types of raw material with fabrics’ end-
use may turn into disturbance that can affect the weavability for denim, due to the 
mass variation and work-to-break variation. The yarns’ features, structural and 
mechanical ones, have significant influence on the mass variation and work-to-break 
variation, characterizing yarns for weaving on the air-jet looms and this is important 
even if, as warp on air-jet weaving, yarns are not subjected to any particularly high 
values of tensile force. 

Summarizing, in textiles it is well know that the woven fabric properties depend on 
the raw material (properties of yarns) and on the fabric structure (that lean upon 
the manufacturing techniques). This research focused on several methods for 
evaluating the properties of 100% cotton type yarns made of conventional cotton 
and of organic cotton, studying their weavability pathway as warp. 

 
 

a. 
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b. 
Figure 19. STAT–ATF dialogue windows for weavability assessment by means of yarns’ features: (a) 
main window of STAT-ATF for weavability assessment issues and (b) work window with 
corresponding analysis of variance 

 
The investigation results allowed concluding that the raw material features have 
significant implications in the processing development. 

 The use of adequate investigation tools for raw material selection might contribute 
to improve, even from the fabric design step, the yarns' weavability features for 
denim fabrics on air-jet loom.  

Altogether, achieving the sustainable quality in subsequent denim could be an issue 
for its high level of aesthetic features, when the customer requires fabrics for an “eco 
line of jeans”. 

 

 

II.1.2.2. GREEN FABRICS KNITTED OF ORGANIC COTTON YARNS, 

AND NATURAL DYED 
 

 
With increasing concerns regarding the effect of the textile industry on the 
environment and resources, there is a global approach of using sustainable raw 
materials and of avoiding chemicals in finishing processes, but keeping unchanged 
the task regarding the achievement of suitable clothes for customers [19, 20, 21]. 
Furthermore, the garment companies should be able to supply the "proof" of the 
green traceability of the final products and that depends on all the participants 
within the textile supply chain (producers / suppliers/customers suppliers).  

In this context, the inclusion of the organic cotton as a raw material can help to 
develop changes starting from the spinning mills, but the need for its maintenance is 
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also important and, consequently, a eco-friendly finishing of fabrics ought to be 
included [22,23].  

As a worldwide outcome, several garment companies reported commitments for 
applying the “organic cotton programs” and assumed the implementation of 
standards addressing green product traceability and sustainable textile processing 
[24, 25].  

Previous paper approached an overall evaluation of 100% cotton and 100% organic 
cotton type yarns with investigations regarding their weavability pathway as warp 
on air-jet looms for denim processing. The results revealed the connections between 
the raw material features and the processing development [17]. 

This research aimed to emphasize the impact of the raw material selection for 
sustainable knitwear, by considering 100% cotton and 100% organic cotton yarns 
for single jersey. In addition the natural dyeing of fabrics was approached, assuming 
from the beginning the achievement of green knitted fabrics [26].The experiments 
were conducted in successive stages, pursuing the achievement of green knitted 
fabrics, by means of the raw material selection for knitting (100% cotton and 100% 
organic cotton yarns) and by means of natural dyeing.  

The raw materials for knitting consisted of two types of rotor-spun yarns, made of 
100% conventional cotton (100% CO) and organic cotton (100% OCO), supplied by 
the same yarn manufacturer with similar count 10 Ne/ 57 tex.  Accordingly, two 
type of single jersey, as F1(from 100% CO) and F2 (from 100% OCO), were 
produced on electronic flat knitting machine CMS 530 from Stoll GmbH, by means of 
Pattern Software M1PLUS®.  

The natural dyeing was provided just in the basic manner and some technical details 
are included in Table 8. In this table was also included the overall codification of the 
single jersey samples for the entire experimental part.  

The different dyeing colors have been reached from the above natural solutions: 
solution with layers of yellow onion and solution with green walnut leaf. 

Table 8.Stages of the natural finishing for the knitted fabric 
Work phase Conditions  Other parameters Purpose Fabric 

code 
0 / Grey fabric F1-0 

F2-0 
1 / Washing Water at 40oC, 30 min Dried - room 

temperature 
Cleaning the grey 
fabrics 

F1-1 
F2-1 

2 /Dyeing 1 Solution with layers of 
yellow onion 

Washed at 80oC 
Dried - room 
temperature  
Ironed at 150 oC  

Dyeing by natural 
principle 

F 1-2-1 
F 2-2-1 

2 Solution with green 
walnut leaf 

F 1-2-2  
F 2-2-2 

 
According to SR EN 139:2005, fabrics samples were conditioned at 65 ± 4%, relative 
humidity and 20 ± 2°C for 24 hours, before testing. 

The testing methodology, deployed after the assessment of the structural 
characteristics of knitted fabrics according to the standards (mass per square meter, 
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g/m2; densities, wales /50 mm; densities, courses/50 mm; thickness, mm), was 
useful afterwards, for the quality evaluation of a comfort parameter (water vapor 
permeability, mg/24h) and of certain aesthetics parameters of single jersey 
(dimension stability on wales and courses, %; friction coefficient of fabric), [27]. 

In practice, is well known that the overall characteristics of fabric depend on the raw 
material and on the fabric structure.  

Figure 20 shows the single jersey samples after the successive steps of natural 
finishing, with codification according to the Table 8.  

The coloring of fabrics specimens began with cotton and organic cotton: 
• starting with the grey single jersey (F1-0; F2-0),  
• washed and dried (F1-1; F2-1)  
• dyed with natural solutions obtained from yellow onion bulb layers (F1-2-1; 
F2-2-1) and with natural solutions obtained from green leaf of walnut (F1-2-2;F2-2-
2) 
 
Table 9 shows the average changes in the structural and certain comfort properties 
of single jersey, compared to grey fabric: no matter the raw material, a decrease in 
fabrics’ mass for each stage, an increase in wales and courses densities and, also, an 
increase in thickness were emphasized.  

Similarly, the water vapor permeability showed differences between the evaluation 
stages, and this could be related to the modified overall structural properties. 
Considering the increased variation of thickness and densities from the green single 
jersey to various stages of finishing the experimental values of water vapor 
permeability show a decrease inverse correlation (decreased), not with substantial 
changes but significant, see Figure 21. 

Table 10 shows the average changes in some aesthetic properties of single jersey 
compared to grey fabric: no matter the raw materials, a decrease in fabrics’ sizes for 
both wales and courses, was observed. 

 

Table 9. Structural and comfort properties of green single jersey 
Knitted Fabric symbol F1 F2 
Raw material  100% Cotton 100% Organic Cotton 
Finishing stage  F1-0 F1-1 F1-2-1 F1-2-2 F2-0 F2-1 F2-2-1 F2-2-2 
Mass per square meter (g/m2) 240 236 225 220 219 216 205 207 
Densities Wales /50mm 36 40 42 42 36 40 40 40 

Courses/50mm 56 60 62 62 56 64 64 66 
Thickness (mm)  1.12 1.16 1.19 1.19 1.05 1.07 1.12 1.14 
Water vapor permeability 
(mg/24h) 

645 595 586 590 630 600 590 597 

 
Figure 20 provided a visual evaluation and revealed differences between fabrics, 
because of the particular raw material. 
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F1-0 

F1-1 

F1-2-1 

F1-2-2 
a 

Figure 20. Single jersey from 100% cotton (a) and 100% organic cotton (b),
after successive steps of natural finishing

 
The shrinkage sizes range was nearly related for each type of knitted fabric (from 
100% cotton and 100% organic cotton) and for each type of natural dyeing 
Figure 22.  
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Figure 20. Single jersey from 100% cotton (a) and 100% organic cotton (b), 
after successive steps of natural finishing 

The shrinkage sizes range was nearly related for each type of knitted fabric (from 
100% cotton and 100% organic cotton) and for each type of natural dyeing 

2019 

The shrinkage sizes range was nearly related for each type of knitted fabric (from 
100% cotton and 100% organic cotton) and for each type of natural dyeing – see 
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Figure 21. Water vapor permeability compared with thickness, at 

Table 10. Aesthetic properties of green single jersey
Knitted Fabric symbol F1 
Raw material  100% Cotton 
Fabrics codification F1-0 
Dimensional 
stability 
variation, % 

Wales  
Courses 

Friction coefficient of 
fabric 

0.5317

 
The values of the friction coefficient of knit fabric were included in the 
category of properties, considering the connection with pilling appearance to wear. 

 

Figure 22. The effect of natural dyeing on the dimensional stability of green single jersey

Rodica HARPA, Dr. Habilitation Thesis

Figure 21. Water vapor permeability compared with thickness, at various stages of finishing

 
Table 10. Aesthetic properties of green single jersey 

F2 
100% Cotton  100% Organic Cotton

F1-1 F1-2-1 F1-2-2 F2-0 F2-1 F2
-7.1 -9.99 -11.09  -6.05 -8.10
-2.26 -5.70 -8.93 -1.11 -2.21

0.5317 0.8390 0.8847 0.8390 0.5429 0.8097 0.9004

The values of the friction coefficient of knit fabric were included in the 
category of properties, considering the connection with pilling appearance to wear. 

Figure 22. The effect of natural dyeing on the dimensional stability of green single jersey

Rodica HARPA, Dr. Habilitation Thesis 2019 

of finishing 

100% Organic Cotton 
F2-2-1 F2-2-2 
8.10 -10.94 
2.21 -9.05 

0.9004 0.8692 

The values of the friction coefficient of knit fabric were included in the aesthetic 
category of properties, considering the connection with pilling appearance to wear.  

Figure 22. The effect of natural dyeing on the dimensional stability of green single jersey 
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Figure 23. The effect of successive finishing stages on the f

 
Therefore, an increase in the friction coefficient of fabric could allow the supposition 
of pilling occurrence and, for the fabric made of organic cotton this appears to be 
most likely – see Figure 23. 

Summarizing, in this study, an overall assessment of green single jersey from the 
raw material and natural finishing point of view has been accomplished. The 
research focused on evaluating single jersey made of 100% cotton yarns and of 
100% organic cotton yarns, by
The investigation results allowed concluding that the raw material features have 
significant implications in the processing development, including in the finishing 
stages. 

By means of several physical an
aesthetics of single jersey in knitted garments, 
certain raw material could have an effect on the expected features of the final 
product. A key step was the finishing p
satisfactory results from both raw materials, even though the dyeing colors were 
reached out from natural solutions in a simple manner.

 The outcome of this paper was a preliminary approach in pursuing the real 
contribution to the sustainable textile practices, by means of the achievement of 
green knitwear made of organic cotton and naturally dyed.
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The effect of successive finishing stages on the friction coefficient of green single 
jersey 

Therefore, an increase in the friction coefficient of fabric could allow the supposition 
of pilling occurrence and, for the fabric made of organic cotton this appears to be 

ng, in this study, an overall assessment of green single jersey from the 
raw material and natural finishing point of view has been accomplished. The 
research focused on evaluating single jersey made of 100% cotton yarns and of 
100% organic cotton yarns, by studying their finishing pathway as green products. 
The investigation results allowed concluding that the raw material features have 
significant implications in the processing development, including in the finishing 

By means of several physical analysis, assumed to be important for the comfort and 
le jersey in knitted garments, it was adequate to point out that a 

certain raw material could have an effect on the expected features of the final 
product. A key step was the finishing process by means of natural dyeing, with 
satisfactory results from both raw materials, even though the dyeing colors were 
reached out from natural solutions in a simple manner. 

The outcome of this paper was a preliminary approach in pursuing the real 
ibution to the sustainable textile practices, by means of the achievement of 

green knitwear made of organic cotton and naturally dyed. 
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Therefore, an increase in the friction coefficient of fabric could allow the supposition 
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raw material and natural finishing point of view has been accomplished. The 
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significant implications in the processing development, including in the finishing 

alysis, assumed to be important for the comfort and 
it was adequate to point out that a 

certain raw material could have an effect on the expected features of the final 
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II.2. CONTRIBUTIONS TO THE CONFORMITY 

ASSESSMENT OF TECHNICAL TEXTILES 
 

Defined as “textile materials and products manufactured primarily for their 
technical and performance properties rather than for their aesthetic or decorative 
characteristics”, the technical textiles “can be used individually or as a 
component/part of another product” [1, 2]. 

However, nowadays in the worldwide market, an increasing number of technical 
textile products are combining performances and functionality with aesthetic 
properties. These specific features are making the textile products special and 
extend the interest areas of the technical textiles, by combining varied materials, 
processes, components, products, and applications [1]. Therefore, there is a global 
consensus regarding the technical textiles, that this is not about a single coherent 
industry sector and/or market segment, it is about a large and continuously growing 
sector that supports other industries, also having an impact upon almost every 
domain of human economic and social activity. Consequently, the technical textiles 
supply chain is multifaceted because the textile industry is transforming into a 
provider of technical solutions rather than consumer textiles [3, 4, 5, 6]. In 
conclusion, there is a consensus regarding technical textiles, that they are no longer 
products delivered by the textile industry, being classified into the well-known 
twelve main application areas: Agrotech, Buildtech, Clothtech, Geotech, Hometech, 
Indutech, Medtech, Mobiltech, Oekotech, Packtech, Protech and Sporttech [1, 2, 4, 5, 
6].  

Regarding the place of the European Union entity in the scientific and technological 
progress for both, the production techniques and the supply chain management, it is 
obvious that there is a competition for the world leader in the technical textile 
production [3, 5, 6, 7]. In fact, the technical textile sector registered a positive 
economic and employment tendency and is a major contributor to the EU-28 textile 
industry (clothing excluded). According to the Eurostat and Euratex statistics, the 
technical textile sector development covered, in 2016, almost 15% of the total 
employment in the textile field, 8% of the active companies in the textile sector and 
about 23% of the turnover of the sector (obviously with differences between 
countries). It is notable that, in 2016, the top five exporters of technical textiles were 
Germany, Italy, France, United Kingdom and Belgium, covering almost 60% of total 
exports worldwide [4, 7, 8, 9].In the last 14 years, the technical textiles trade has 
expanded rapidly, by doubling the volume since 2003 and there are the EU-28-
member countries for which technical textiles represented the highest share of their 
textile exports, as follows: Croatia, Finland, Denmark, Sweden, Czech Republic and 
Hungary [6, 7, 8, 9]. 

Considering the topics approached within this chapter, the global consumption of 
technical textiles by product type (Fabrics, Medical textiles, Clothing components 
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and Home textiles) for the 2000–2005 monitored period is shown the figures 
presented in Table 1 [1, 6]. 

The manufacturing of technical textiles emphasizes an interdisciplinary approach 
when it comes to the customer-oriented products [10]. In this context, the 
technological processing developments and the variety of the products’ applications 
in the technical textile field have been covered in accordance with twelve application 
areas, corresponding to the usual technical textiles classification, as shown in Table 
2, [1, 5, 10, 11]. 

 
Table 1. Figures for the global consumption of technical textiles, 2000-2005 

Technical textile product Global consumption (103 tones) 
 

Increase, % 

2000 2005 

Fabrics 3760 4100 9.04 

Medical textiles (Medtech) 1380 1650 19.56 

Clothing components  
(Clothtech) 

730 820 25.55 

Home textiles (Hometech) 1800 2260 12.32 

 
 
Table 2 Technical textiles application areas, as presented at Techtextil fair, 2017 
Application areas Details for specific products 
 

 
Agro-textiles 
 

Topics Horticulture and landscape gardening, agriculture, forestry, animal husbandry 

Target 
groups 

Agricultural engineers, landscape architects, agricultural institutions and large-
scale organizations 

Products 
range at 
the fair 

Agrotech general (goods with direct implication in the agro-technical practice) 
• Soil covering material for horticulture and agriculture 
• Textile drainage /irrigation systems,  
• Forestry textiles 
• Woven / knitted fabrics for providing shade 
• Greenhouse equipment,  
• Textiles for market gardens 
• Sealing sheets for water tanks and liquid manure tanks 
• Flexible/rigid container systems,  
• Water tanks 
• Temporary agricultural buildings, 
•  Lifting and conveying systems 
• Textiles for landscaping and for earlier harvesting 

Construction 
textiles 
 

Topics 

Membrane construction, light-weight and solid structures, civil engineering, 
industrial construction, temporary constructions, interior construction, 
earthworks, hydraulic engineering and road construction, agricultural 
construction 

Target 
groups 

Architects, construction engineers, building sponsors, investors 

Products 
range at 
the fair 

Buildtech general (textiles or composite materials used in the construction of 
permanent and temporary buildings as well as structures) 
• Textiles reinforcement for concrete and other precipitation hardening 
masses 
• Lightweight construction materials and temporary constructions 
• Textile formwork materials and facade substructure systems 
• Cold, heat or sound insulations,  
• Pneumatic structures, 
• Textile roofing and roofing sheets,  
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Application areas Details for specific products 
• Tents and tent frames 
• Membranes for lightweight plane load bearing structures 
• Exterior and interior textile noise barrier walls 
• Sunscreen textiles,  
• Textile heating systems 
• Textile air distribution and air conditioning systems 
• Pipe renovation methods based on textile hoses 
• Textiles for soil stabilization 
• Fire protection and rescue equipment, 
•  Visual protection systems 
• Textiles and composites for interior fittings and furnishings 
• Textile-reinforced components, moldings, pipes, containers 

  
Clothing  

textiles 

Topics Functional apparel, clothing, shoes 
Target 
groups 

Fashion designers, developers, shoe and clothing manufacturers 

Products 
range  

Clothtech general (textile components - principally hidden -used primarily in 
garment applications, with specific functional applications) 
• Clothing (sewing threads, interlinings, zip fasteners, elastic narrow fabrics, 
tapes, Velcro, labels, webbings, shoulder pads) 
• Wind and weather protection clothing (umbrella cloth) 
• Shoes (shoes laces, shoes interlinings) 

 
Geo-textiles 
 

Topics Road construction, civil engineering, dam and waste site construction 
Target 
groups 

Road and civil engineers, construction companies, public authorities and local 
government 

Products 
range at 
the fair 

Geotech general (technical textile products used in geotechnical applications 
pertaining to soil, rock, earth etc.) 
• Subsoil reinforcement, Landscaping, Soil sealing,  
• Drainage systems,  
• Earthworks and road construction 
• River-bank and coast reinforcement,  
• Water engineering 
• Pipe renovation methods  

  
Domestic 

 textiles 

 

Topics Furniture, upholstery, interior design, carpets, rugs, floor coverings 
Target 
groups 

Furniture producers, interior designers, project planners and architects 

Products 
range  

Hometech general (textile components used in household applications, from blinds 
used in the houses to the filter products used in the vacuum cleaners) 
• Textiles and composites for interior furnishings  
• Carpets,  
• Sunscreen textiles,  
• Awning material 
• Upholstery fabrics 

• Ceiling and wall coverings,  
• Fire blocker 
• Textile-reinforced structural components and moldings 

 
Industrial 
textiles 
 

Topics 
Filtration, cleaning, mechanical engineering, chemicals industry, electrical 
installation industry 

Target 
groups 

Users, designers, processors from the mechanical engineering, chemical and 
electrical industries 

Products 
range at 
the fair 

Indutech general (technical textile products used in the manufacturing sector) 
• Textile sheet products for reinforcing purposes 
• Textile-reinforced structural components, moldings, pipes and containers 
• Textiles for use in hot/ cold /corrosive medium 
• Antistatic textiles,  
• Sound-insulating products,  
• Advertising materials 
• Textiles for the electronics industry and date systems technology 
• Textile-reinforced motor parts,  
• Hoses and textile-reinforced pipes 
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Application areas Details for specific products 
• Lifting and conveying systems,  
• Rigid and flexible containers 
• Pneumatic hollow body systems,  
• Filters / filtration 
• Sorption systems,  
• Seals and fibre-reinforced sealing compounds 
• Textiles for the painting and coating sector 
• Textile-reinforced armored materials,  
• Closure systems, 
• Substrates for coating, film lamination and gumming 

 
Medical 

 textiles 

 

Topics Hygiene, medicine 

Target 
groups 

Manufacturers of medical supplies, research institutions, hospitals 

Products 
range at 
the fair 

Medtech general (goods which includes textile stuff used in hygiene, healthiness 
and private care, as well as surgical end use:  implantable, non- implantable, 
healthcare  and hygiene products, extra-corporeal) 
• Hygienic fleeces and dressing material 
• Textile-reinforced prostheses /products for surgery 
• Operating sheets,  
• Hospital bed linen and blankets, Medical pillows 
• Textile articles for hospital and institutional demand 
• Doctors´ and nurses´ clothing,  
• Equipment for rescue service 
• Textiles for bandages and orthotic devices 
• Compression garments 

• Textiles for medical equipment /for monitoring/for precaution 

 
Transport 
textiles 
 

Topics Cars, ships, aircraft, railway, space, travel 
Target 
groups 

Constructors, designers, engineers, suppliers 

Products 
range at 
the fair 

Mobiltech general (visible components and concealed components, as noise 
vibration and harness components, tire cords, liners, etc.) 
• Aerospace/ Rail vehicles/Automobiles/ Ship building 
• Textiles for covering plastic surfaces, Textile-reinforced rubber products, 
Sound, heat and cold insulations 
• Passenger safety systems, airbag, Upholstery fabrics, Carpets 
• Tires, Balloon envelopment, Interior cladding,  
• Ceiling/ wall coverings, Covering materials and tarpaulin systems 
• Intake air filter and air distribution systems,  
• Protective covers for aircraft, water vehicles and land vehicles 
• Equipment for security and military vehicles 

 
Ecological -
Protection 
textiles 
 

Topics Environmental protection, recycling, waste disposal 
Target 
groups 

Environmental protection engineers, safety engineers, employees of 
environmental protection agencies 

Products 
range at 
the fair 

Oekotech general (textiles is dedicated in ecological engineering goods to safe 
landfills against leakage of metropolitan or harmful waste and for protection in 
chemical/oil Industries) Soil seals 
• Textile drainage systems,  
• Erosion prevention textiles 
• Textiles for protection against hazardous substances 
• Mobile containers for temporary storage of water or contaminated liquids 
,  
• Landfill textiles 
• Textile noise barrier systems,  
• Filter systems for clean air and water 

 
Packaging 

Topics 
Packaging, protective covering systems, sacks, big bags, container 
systems* 

Target 
groups 

Shipping and logistics companies, developers, designers and buyers from industry 
and the distributive trades 

Products Packtech general (flexible packing material made of textile used for packaging 
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Application areas Details for specific products 
textiles 
 

range at 
the fair 

a variety of commodities for: industrial, agricultural, consumer and other goods) 
• Packaging materials, Sacks and Big Bags 
• Protective cover systems for short-and long-term conservation 
• Mobile containers for temporary storage 
• Flexible and rigid container systems 

Protective 
textiles 
 

Topics Personal safety and property protection 

Target 
groups 

Safety engineers, manufacturers of protective clothing, safety officers 

Products 
range at 
the fair 

Protech general (textile goods and associated stuff used in the manufacturing of a 
variety of protective clothing for people working in hazardous atmosphere) 
• Protective clothing, Heat protection clothing 
• Weatherproof and winter proof clothing, Fire blocker 
• Chemical protection equipment, Equipment for rescue service 
• Cold store clothing and low-temperature clothing 
• Fire protection equipment,  
• Survival equipment, Object protection 
• Person-protection equipment, Textile reinforced armoring 
• Equipment for security services and the military 

 
Sports 
 textiles 
 

Topics 
Sport and leisure, active wear, outdoor equipment, sports equipment and outfits, 
sports footwear 

Target 
groups 

Designers, outfitters and manufacturers of sports articles and outdoor equipment 

Products 
range at 
the fair 

Sporttech general (fabric used in sports / leisure purpose to ensure incorporation 
of special characteristics demanded by the athletics & the leisure activities for 
better performance, independence of movement and comfort). 
• Textile-reinforced sports equipment,  
• Weather and wind protection 
• Person-protection equipment,  
• Sports equipment, Sportswear 
• Sports shoes, Active wear,  
• Outdoor Safety (Monitoring/Positioning) 

 
Currently, the sustainability and the transparency to assure overall functionality, 
safety and performance, must be perceived as a competitive advantage, due to the 
constant growth of the consumers’ influence on trends, developments and potential 
areas of application for technical textiles [10]. 

In correlation with the advance in textile technology, textile testing has become 
more important for their conformity assessment with the required performance 
and/or regulations for a particular end use.  

Testing is important for the raw materials quality control, for process control 
throughout the technological flow within the textile value chain and, lastly, for the 
final product quality control.  

Nowadays, textile fabrics, including technical textiles, are manufactured for 
numerous different uses and, therefore, have different performance requirements to 
achieve customer satisfaction and to be competitive on the global market [1, 11].  
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II.2.1. CONFORMITY ASSESSMENT OF MEDTECH TEXTILES 

 
 

In the field of medical application, technical textiles belong to the Medtech category, 
are highly specialized and used for medical and hygiene applications. The 
characteristics required of Medtech textiles vary depending on the end use for which 
they were designed and manufactured, and some of their applications demands are 
protective function, higher absorptive capacity, impermeability, antimicrobial 
finishes, etc. 

To this respect, the medical compression hosiery is widely used form of 
compression in the long-term management of lymphoedema and in the treatment 
and recurrence prevention of venous diseases [12, 13, 14]. This kind of therapy 
shortens the duration of venous insufficiency treatment and decreases the need for 
medication [15, 16]. For each specific patient, a complex interaction of physical 
properties and construction parameters can influence the suitability of compression 
hosiery and ensure both a comfort during wearing and an appropriate level of 
compression.  

The extent to which the patient can manage and tolerate compression hosiery 
depends on the venous disease’s stage (shape and size of the limb), the patient’s 
build (tall, short, normal, obese) and activity (mobility, age, lifestyle). When applying 
compression, it is important to consider that the highest pressure must be obtained 
at the ankle, decreasing to the upper part of the limb, to assure a gradual 
compression [12, 13].  

Consumers require multifunctional apparel products with superior comfort 
performance, able to satisfy their physiological and psychological needs and, among 
these, garment fit, and pressure comfort was identified as important attributes [17, 
18]. 

The European Standard [19] specifies the requirements for medical compression 
hosiery, including custom-made hosiery knitted from elastic threads, and indicates 
the testing method for compressive properties. It is applicable to medical 
compression hosiery used as a medical device for the treatment of venous and/or 
lymphatic diseases of the leg. It also specifies that the raw material used for 
compression hosiery includes a stretchable yarn, made by covering an elastic core of 
polyurethane with other types of fibers (cotton or polyamide).  

However, this standard indicates no testing method for correlation assessment 
between pressures. Certain authors have studied the correlation between pressure 
values and compression perception in order to design and develop hosiery and 
socks that provide wearing comfort. They pointed out that the pressure perception 
changes depending on the wearing duration and on the fitting of each individual 
consumer [20]. 
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Concerning the issue of mechanical assessment of medical stockings, many 
researchers have studied the tensile deformation at different values of external 
stress applied to these products. The presented experimental studies that 
characterize the tensile behavior of plain knitted fabrics include the uniaxial tensile 
test and the simultaneous biaxial tensile test. The correlation between the results 
obtained by using different test methods is an important matter and is highly 
desirable for medical products.  

According to certain researchers, the relationship between the uniaxial tensile 
behavior and the biaxial tensile behavior is not clear [21], while others conclude that 
for fabrics with small rigidity, there is good agreement between the testing results 
on the trellis shear tester and those on the uniaxial tensile tester [22, 23]. 

The use of medical stockings involves stress in more than one direction during 
wearing and should involve the requirement to evaluate the elastic fabrics in at least 
two directions. A comprehensive review paper concentrated on fabric mechanical 
properties measurement pointed out that, in tests on stretch fabrics, there are 
several critical issues for appropriate assessment. The authors have pointed out that 
when a fabric is uniaxial extended at a bias angle, the data for situations in which 
one or both of the tensile stress components are negative (as for the compressive 
stockings) could be important, both, for the manufacturing process and the 
subsequent use of knitted hosiery [24]. 

The research reported in this chapter refers to the knitted medical compression 
stockings, which are healthcare products. Previous studies [25, 26] performed 
fatigue tests that revealed the behavior of elastomeric yarns and of knitted medical 
stockings, imperative for the specified end use - wound dressing.  

Next, the research on the compression stocking, provided in this chapter, aimed to 
evaluate the post-wearing compression preservation and the correlation between 
the size of medical stockings and the patient's dimensions for best fitting [27]. To 
reach this final goal, the conformity assessment approached a new testing evaluation 
based on the grab method.  
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II.2.1.1. YARNS DESIGNED FOR MEDICAL STOCKINGS 
 

 
The compression determined by medical stockings is strongly related to the yarn 
properties (as the raw material) and the knitting technique to obtain the final 
product. As discussed above, the European Standard [19] established that yarns 
made of polyamide (PA) with elastic core of polyurethane (PU) are a suitable raw 
material for knitting compression stockings and for achieving the desired comfort 
and healthy fitting for the wearer [12]. 

The tensile properties of these elastomeric yarns designed for knitting the medical 
compression stockings, with varying count number and structures, required the use 
of standard and atypical measurement methods.  

Therefore, considering the mechanical features of the medical stockings, the testing 
methods applied to the experimental yarns consisted of tensile, creep and relaxation 
tests, performed on the semiautomatic system Mesdan TensoLab – see Table 3, [28]. 
The fatigue tests were included to characterize the viscoelastic behaviour of yarns 
used for manufacturing the medical stockings.  

Table 3: Tensile testing methodology applied for elastomeric yarns 
Testing type Specimen 

length 
Testing 

time 
Testing 

principle 
Remarks 

Conventional strength 
test 

100 mm 20±3 
sec 

CRE  Because of the elastomeric 
component, yarns were tested 
with nonstandard length [29]. 

Fatigue 
tests 
with time 
delay 

Relaxation 
test, 
F(t)E=ct 

100 mm 25 min. Preset force 
F0 =0.65 N 
Testing speed  
100 mm/min 
 

Preset force match to the 
moving clamp’s stops and 
measurement’s start. 
Test time match to the force 
deviation, measured after 25 
minutes. 

Retardation 
test, 
E(t)F=ct 

100 mm 60 min. Pre-tension 
0.01cN/tex  
Testing speed  
100 mm/min 
 

Pre-tension adapted to the yarn 
count and components, for 
yarn’s deformation close to the 
value of the elasticity limit (1% 
deformation) 
Test time match to the 
increasing of elongation (30 
min.) and after the load’s 
removed, to reducing of 
elongation (measured 30 min.) 

Fatigue testing with 
load cycles 

100 mm Eight 
loading 
cycles 

Predetermined 
load: 
Fmin=0.65N; 
Fmax=1.2N  

Testing with 5 minutes between 
consecutive cycles with 100 
mm/min testing speed  

 
For the experimental part, the following three types of single covered yarn made of 
PA/PU were evaluated to select the most adequate one to produce the compression 
stockings for our future research, [27, 28]: 
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o Yarn_1: 36 dtex, made of 75% Polyamide, 22 dtex / f34 and 25% Lycra, 78 dtex 
o Yarn_2: 52 dtex, made of 75% Polyamide, 44 dtex / f34 and 25% Lycra, 78 dtex 
o Yarn_3: 88 dtex, made of 60% Polyamide, 44 dtex / f13 and 40% Lycra, 156 dtex 

Lycra is a registered brand name for a polyurethane-based synthetic fiber, also 
called spandex or elastane. 

 

 

II.2.1.1.1. Standard tensile testing of elastomeric yarns 
 
 
The experimental results for the elastomeric yarns evaluated by means of 
conventional tensile testing methodology summarized in the Table 4, allow 
computation of the main tensional indicators, breaking tenacity and work to break.  

Table 4: Elastomeric yarns selected as raw material for compression stockings 
Yarn  Linear density  

dtex 
Breaking force 

FH, cN 
(CVFr, %) 

Breaking 
tenacity 

RH,cN/tex 

Breaking 
elongation 

 EH, % 
(CVEH, %) 

Break 
factor 

fW 

Work to 
break 

WH, cNcm 

Yarn_1 36 153.5 
(7.18) 

42.63 153.12 
(21.2) 

0.25 587.5 

Yarn_2 52 217.9 
(7.9) 

41.90 277.2 
(15) 

0.22 1328.84 

Yarn_3  88 299.1 
(9.91) 

41.54 210.06 
(17.54) 

0.23 1445.06 

 

Figures 1 (a, b and c) show the typical force-elongation diagrams recorded by the 
Mesdan TensoLab system for all three categories of yarns. 

 

a.   Yarn_1  b.   Yarn_2  c.   Yarn_3 

Figure 1: Force-elongation characteristic diagrams for the tested elastomeric yarns 
 
A remarkably high elongation characterizes the analysed elastic yarns; for small 
values of applied force, the elongations increased, reaching values higher than 160 
%. The breaking elongation, linked to the yarns count and mixture components, has 
increasing values from Yarn_1 to Yarn_3 with widely variable deformations. The 
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tenacity does not fluctuate significantly between yarns, while the PA/Lycra mixtures 
assure a better combination with higher work to break values in the same manner. 

However, a valuable outcome of the conventional strength test was that  provided 
the estimation of minimum and maximum forces (Fmin= 0.65 N; Fmax= 1.2 N), 
considered as predetermined load from the elastic range of force-elongation typical 
diagrams of the three elastomeric yarns, needed to evaluate the comprehensive 
yarns viscoelastic behavior approach (fatigue tests with time delay of 
predetermined force or elongation and fatigue tests with load cycles), as reported in 
Table 3. 

 

II.2.1.1.2. Fatigue tests of elastomeric yarns – with time delay 
 
 
For applying the fatigue tests with time delay, a predetermined force or elongation 
was applied on the yarn specimen. Thereafter, either the elongation or the force is 
kept constant, and we measure: the force reduction over a defined period of time as  
relaxation, F(t)E=ct, or the increase of the elongation at the end of the test time , as 
retardation, E(t)F=ct [29]. 

 

II.2.1.1.2.1. Fatigue tests with time delay, to emphasize the relaxation outcome 

 
Table 5 shows the experimental results that allow assessing the force level decrease 
for the elastomeric yarns, from the predetermined force (Fmin= 0.65 N), by means of 
the relaxation degree values.  

Table 5: Relaxation tests for elastomeric yarns – average values 
Samples Predetermined force (F0= 0.65 N) 

Time delay, min 
(sec) 

5 
(300) 

10 
(600) 

15 
(900) 

20 
(1200) 

25 
(1500) 

Yarn_1 
 

 

Remnant force, N 0.55 0.55 0.54 0.54 0.54 
Relaxation degree, % 84.61 84.61 83.07 83.07 83.07 

Yarn_2  
 

Remnant force, N 0.58 0.58 0.57 0.57 0.57 
Relaxation degree, % 89.23  89.23 87.69 87.69 87.69 

Yarn_3 
 

Remnant force, N 0.57 0.56 0.55 0.55 0.55 
Relaxation degree, % 87.69 86.15  84.61  84.61 84.61 

 
Figure 2 shows the configuration of the relaxation test outcomes for the 
experimental yarns.  

The reaction at the initial load (Fmin=0.65 N) was more or less the same for all 
elastomeric yarns. The results showed a significant correspondence with the 
theoretical assumptions that the elastic yarns for medical stockings behave as 
viscoelastic material. Upon removal of the applied load, the observed deformation 
was immediately partially recovered, but a permanent deformation occurred due to 
the fibre slippage, to the irrecoverable stretching, or breakage of the fibres.  



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

49  

 

 

 

The shape of relaxation diagrams showed a comparable viscoelastic behavior 
tendency for Yarn_1 and Yarn_3. As for Yarn_2, the reduction of the remnant force 
was minor for 25 minutes, time delay showing a better behavior for the purpose of 
these yarns - knitted fabrics for medical compression stockings. 

 

Figure 2: Relaxation test for elastomeric yarns  
 

Figure 3: Retardation test for elastomeric yarns 

 
 
 

II.2.1.1.2.2. Fatigue tests with time delay, to emphasize the retardation 

outcome 

 
Table 6 shows the experimental results that allow assessing the elongation’s level 
increase of the elastomeric yarns for a constant load over a defined period. After the 
load removing, the reducing of elongation was measured for 30 minutes. The test 
length (lo, mm) was the point with lower elongation value when reaching the 
pretension, and the maximum length (l1, mm) was the point with upper elongation 
value (after 30 minutes); the changed length (l2, mm) was measured after 60 
minutes.  

Figure 3 shows the retardation test result configurations for the experimental yarns. 
The shape of the retardation diagrams showed similar behavior for all yarns. The 
retardation degree value for Yarn_1 is 95.71% (after 60 minutes time delay) and 

0.53

0.55

0.57

0.59

0.61

0.63

0.65

0 300 600 900 1200 1500

t,sec

F
,N

Yarn_1

Yarn_2

Yarn_3

100

120

140

160

180

200

220

240

0 600 1200 1800 2400 3000 3600

t,sec

l,m
m

Yarn_1

Yarn_2 

Yarn_3



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

50  

 

 

 

better, 96.6 % for Yarn_3; Yarn_2 showed 98.23 % retardation, confirming a better 
behavior for the final purpose of these yarns intended for medical compression 
stockings. 

Table 6: Retardation tests for selected elastomeric yarns - average values for test length lo=100 mm 
Yarns  Maximum 

length, 
l1(mm) 

Changed 
length, 
l2(mm) 

Total 
elongation, 

Et,% 

Remnant elongation 
E2,% 

Retardation 
degree, 

% 
Yarn_1 170 103 70 3 95.71 
Yarn_2  213 102 113 2 98.23 
Yarn_3 159 102 59 2 96.6 

  
 

II.2.1.1.3. Fatigue testing of elastomeric yarns - with load cycles 
 
 

The defined forces, minimum and maximum (Fmin= 0.65 N; Fmax= 1.2 N) considered 
as predetermined load provided from the elastic range of force–elongation diagram 
for all three yarns, were applied on samples throughout eight loading cycles.  

Table 7 shows the average values of the elongation obtained after applying fatigue 
tests with eight loading cycles on the elastomeric yarns, by means of Mesdan 
TensoLab system. 

 
Table 7: Fatigue behavior of elastomeric yarns during eighth loading cycles 

Samples 
  

Elongation for eighth loading cycles (cc) 
F min F max F min F max F min F max F min F max 

Yarn_1 1 cc 2 cc 3 cc 4 cc 
73.4 96.7 83.1 96.81 83.7 96.9 84.5 97.03 

5 cc 6 cc 7 cc 8 cc 
85.6 97.23 85.9 97.5 86.1 97.59 86.2 97.6 

Yarn_2 1 cc 2 cc 3 cc 4 cc 
177.6 229.5 191 230.5 193.5 230.8 198.1 231.4 

5 cc 6 cc 7 cc 8 cc 
198.7 232 199 232.4 199.5 233.7 199.8 235.1 

Yarn_3 1 cc 2 cc 3 cc 4 cc 
154.1 217.6 161 217.7 168.1 217.8 169.2 217.9 

5 cc 6 cc 7 cc 8 cc 
171 218 173.5 218.3 174 218.5 176.5 218.7 

 
The first loading cycle starting from the predetermined lower force (Fmin = 0.65 N) to 
the predetermined higher force (F max=1.2 N) and, after that, the higher force was 
reduced, until the lowest force was reached again.  

Figure 4 shows the hysteresis graphics configuration of the elastomeric yarns. 

Table 8 shows the numerical results computed from the hysteresis diagrams, for the 
evaluation of work done at the fatigue tests, as follows: 
E1, 1+: elongation for Fmin, for the period of the first load cycle; 
E2, 1+: elongation for Fmax, for the period of the first load cycle; 
E1, 8- : elongation for Fmin, at the eighth load cycle; 
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E2, 8+: elongation for Fmax, at the eighth load cycle; 
D E 1,1 (8): elongation between the first and the eighth load cycle at the lower force 
limit (difference between E 1,1+ şi E1,8-);  
D E 2,1 (8): elongation between the first and the eighth load cycle at the upper force 
limit (difference between E2,1+  and E2,8+); 
R: resilience index considered after the eighth loading cycle, as a report between aria 
below the force–deformation graph for the final load cycle and aria below the force–
deformation graph for the whole fatigue test (from the first to the last loading cycle) 
for each yarn . 
 

 
Figure 4: Hysteresis diagram – fatigue tests with load cycles for elastomeric yarns 

 
Table 8: Numerical results from hysteresis diagrams for the work done appraising at the fatigue tests 

Fire  E1,1+ E2,1+ E1,8- E2,8+ D E 1,1 (8) D E 2,1 (8) W1, 
 cN·cm 

W1,8 
cN·cm 

R 

Yarn_1 73.4 96.7 86.2 97.6 12.82 0.9 287.4 258.66 0.5 
Yarn_2 177.6 229.5 199.8 235.1 22.2 1.7 685.8 599.4 0.7 
Yarn_3 154.1 217.6 176.5 218.7 22.4 1.1 591.3 529.5 0.8 

 
The fatigue tests with load cycles revealed that, after eight cycles provided between 
two-selected force values, which were selected from the elastic range of force–
elongation typical diagrams, Yarn_2 and Yarn_3 would preserve to a greatest extent 
the designed gradual compression in medical stockings instead of Yarn_1.  

Therefore, the hysteresis diagrams achieved as results of these tests allowed 
computing the resilience index that can provide the reaction and suitability of the 
designed elastomeric yarns to subsequent fatigue tests, associated with the real 
wear. From this point of view, the best results belong to Yarn_3. 
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II.2.1.2. OVERALL EVALUATION OF COMPRESSION STOCKINGS  

 

 

II.2.1.2.1. Medical compression stockings 
 

An assortment of medical compression stockings for treatment of venous diseases 
was designed at the Faculty of Textile-Leather and Industrial Management of Iasi 
(Romania) and knitted on the circular weft knitting machines at ADESGO Company. 

The control over the necessary compression degree of stockings, belonging to the 
Medtech range of products, was fulfilled by the amount of elastomer incorporated in 
the product and by the 3D knitting system. Two interwoven elastic yarn systems 
were knitted together: inlay and body yarns (single covered yarn made with 40% 
Lycra®, 156 dtex and 60% polyamide, 44 dtex). This was actually the Yarn_3 
analyzed trough earlier researches (Chapter II.2.1.1) and selected from three 
elastomeric yarns due to the need to have as raw material for compression stockings 
with 70 den, the one that allows producing hosiery within moderate compression 
class. It’s worth mentioning that Yarn_2, which was provided as having the best 
results during the Fatigue tests with time delay, had also a lower resilience index 
than Yarn_3. Therefore, it was assumed to be proper for 40 den compression 
stockings with lower compression, endorsed for preventing deep vein thrombosis.  

For this research, the assortment of medical compression stockings consisted of 22 
versions with different values of graduated compression levels, with a pressure 
profile decreasing from the ankle (with maximum level of 30 mm Hg) to the thigh 
level [27]. This hosiery was classified within the moderate compression class (Ccl II), 
which includes a range from 23 to 32 mmHg compression at the ankle [19].  

The graduated compression means that the pressure applied from the stockings is 
greatest at the bottom of the legs, near the ankle, and gradually decreases further up 
the leg to the thigh level. This allows for blood to be pushed back up the leg towards 
the heart, resulting in better blood flow and reducing health issues caused by poor 
blood circulation. 

 The compressions levels consist of the amount of pressure applied to legs and are 
measured in millimeters of mercury (mmHg) [19]. Table 9 shows the description of 
the measuring points according to the European standard [19] and Figure 5 
illustrates the connection between the measured regions of the leg and the 
compression zones considered in previous and current experiments [12, 25-27, 28].  
In our experiments were assumed four compression zones, gradually achieved: 
 CZ1 – the ankle level, where maximum compression is established (point B, 

100%), 
 CZ2 – the calf level with intermediate compression (point C, 70%), 
 CZ3 – above the knee level with medium compression (point E, 50%), 
 CZ4 – the thigh level with minimum compression (point F, 40%). 
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Table 9 Compression zones for medical stockings [12,19] 
Measuring 
point  

Description of the 
measuring point 

Compression 
zone  

Description of the   
compression zone 

 
Figure 5. Illustration of the 

compression zones along the 
leg 

a sole of the foot at 
the heel 

  

A forefoot at the 
implantation of the 
toes 

  

B ankle at the point of 
its minimum girth 

CZ1 

with point B 
ankle 
circumference at 
smallest girth 

B1 point at which the 
Achilles tendon 
changes into the 
calf muscles 

  

C  calf at its maximum 
girth 

CZ2 

with point C 
calf 
circumference at 
largest girth 

D  just below the tibia    

E centre of the patella 
and over the back of 
the knee 

CZ3 

with point E 
between D and F  

F between centre 
point of the crotch 
and E point  

CZ4 

with point F 
thigh 
circumference at 
largest girth 

G 5 cm below centre 
point of the crotch, 
with the patient in 
the upright position 

  

 
 

 

II.2.1.2.2. Assessing the mechanical behavior of the compression 

stockings 
 
 
For assessing the mechanical behavior of the compression stockings, we approached 
the tensile testing method (uniaxial and multiaxial) in a versatile way, similar to the 
real wearing process.  

Experiments were performed in an original approach, using atypical measurement 
methods with the respect to the overall testing scheme, presented in the Figure 6, 
[25-27, 29, 30]. 

Specific aspects concerning the overall testing methodology, have been the following: 

• All tensile tests were performed with semiautomatic testing system Mesdan 
TensoLab, the same dynamometer employed for elastomeric yarns testing, with 
suitable clamp for knitting fabrics; 

• Ten compression hosiery of the same size from the same batch were used by five 
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patients of the same typo-dimension range (two panty hose pairs for each 
patient), for 15 days and for 30 days. The sampling was performed by picking out 
specimens of the four compression zones (CZ1 to CZ4) along the leg of stockings, 
before use, after 15 and after 30 wearing-washing cycles. 

• We have considered that the elongation produced at a selected load level below 
the breaking point, could be used as criterion for assessing the medical stockings’ 
compression features because: it may allow the estimation of the tensile 
properties transfer of yarn within the fabric and in addition, it may emphasize 
the stockings’ daily use. 

 

 

 
Figure 6. Overall testing plan of compression stockings 

 
 
 

II.2.1.2.2.1. Uniaxial tensile testing of the compression stockings- below 

breaking point 
 

To establish if the gradual compression is achieved along the obtained medical 
stockings, the axial tensile testing, namely the strip test, was employed.  

For medical stockings, the elongation produced at a selected load level below 
breaking point, is an important criterion and can be used to assess their 
compression features. Therefore, the samples have been tested only in the elastic 
range, without reaching the breaking point, aiming to measure the relative 
elongation [27, 32, 33].  

The minimum and maximum forces (Fmin = 0.65 N; Fmax = 1.2 N) were determined of 
the elastic range of force–elongation diagram plotted out for the selected yarn (see 
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Chapter II.2.1.1). Where allowed, the testing methodology for knitted samples was 
approached with regards of standardized condition, as follows [34]: 
• flat clamps; 
• free gauge to clamp the fabric: 4 inch (100 mm); 
• specimen size: 4 inch x 2 inch (100 mm x 50 mm, wale direction);  
• minimum and maximum loading: Fmin = 0.65 N;  Fmax = 1.2 N; 
• testing speed: 100 mm/min; 
• testing direction: wale; 
• control mode: continuous semiautomatic. 

In the selected testing range, all force-elongation diagrams obtained for knitted 
samples showed similar trends [27, 31]. Table 10 presents the average values of 
relative elongation for the tested elastic stockings on different compression zones.   

 
Table 10. Axial tensile test (wale directions) - average values of relative elongation 

Sample of medical stockings Compression zone Elongation – E ,% 

CZ1 CZ2 CZ3 CZ4 

Before use 
Fmin 38.81 51.46 66.64 88.88 

Fmax 88.67 100.22 133.32 153.14 

After 15 wearing – washing cycles 
Fmin 43.6 55.3 66.7 93.9 

Fmax 105.5 125.4 153.9 165.52 

After 30 wearing – washing cycles 
Fmin 53.9 71.71 83.12 109.8 

Fmax 107.52 131.2 152.33 177.4 

 

 
Figure 7. Comparative representation for relative elongation 

on different compression zone of the medical stockings 
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The axial tensile tests of the knitted medical stockings samples at minimum and 
maximum load, allowed a comparative representation for the relative elongation on 
different compression levels, before and after wearing. Figure 7 shows the 

comparative representation for relative elongation. 

For each compression areas, from CZ1 to CZ4, the elongation values gradually 
increased with the rising number of the wearing-washing cycles, for both minimum 
and maximum force values. Assuming that the value at the ankle is the 100% value 
of compression, for both types of stockings, the change in compression levels can be 
indicated by the percentage changes of elongation from zone CZ1 to zone CZ2. Table 
11 shows the values of compression levels expressed as percentage from 
compression at the ankle.  

Table 11. Gradual compression of medical stockings,   
expressed as percentage from compression at the ankle level 

Type of stockings Tensile load Compression zone 
CZ1 CZ2 CZ3 CZ4 

New stockings Fmin = 0.65 N 100 75 58 44 

Fmax = 1.2 N 100 88 67 58 

Used stockings Fmin = 0.65 N 100 75 65 49 

Fmax = 1.2 N 100 82 71 65 

 
It can be noted that regardless of the tensile load value and the stockings’ state (new 
or used), the variation in compression level of the tested stockings shows a pressure 
profile with the maximum value at the ankle and the minimum value to the thighs. 
This variation of compression level is like the one presented in Figure 5 and 
confirms that the designed stockings are suitable for the compressive therapy of the 
venous diseases. 

Considering the reversely proportional dependence between the relative elongation 
and the compression degree, the above-presented results allowed to conclude that 
the gradual compression was achieved in the stockings. 

 
 

II.2.1.2.2.2. Uniaxial tensile testing of the compression stockings- fatigue tests 

 
During the routine use, the compression hosiery must be characterized through 
good elastic properties [19, 24], and, for an approximately wear of six months, it also 
should keep the designed compression correlated to its compression class. That 
means successive wearing-washing cycles, and this was the initial point for actual 
experiments in this part of research regarding the fatigue tests impact. 

Fatigue testing was also carried out with Mesdan TensoLab semiautomatic tensile 
system to characterize the viscoelastic behavior of stockings.  Considering the 
applied methodology for the evaluation reported in Chapter II.2.1.2., two kind of 
fatigue tensile tests were approached, as follows: with time delay and with loading 
cycles. The former allows to assess both relaxation behavior, (achieved for F (t)E=ct ) 

and the latter allows to assess hysteresis behavior. 
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Sampling was also performed by picking out specimens from the four compression 
zones (A to D) along the leg of stockings for medical stockings before use and after 
15 wearing-washing cycles. The testing methodology [27, 29, 33] for the fatigue 
tests relied on the following conditions:  
• flat jaws for fabrics;   
• free gauge to clamp the fabric: 4 inch (100 mm); 
• specimen size: 4 inch x 2 inch (100 mm x 50 mm);  
• predetermined loading: Fmin=0.65N (relaxation and hysteresis); Fmax=1.2 N 
(hysteresis); 
• testing speed: 100 mm/min; 
• testing direction: wale; 
• control mode: continuous 
• testing time: 30 minutes (relaxation) 
• number of cycles: 6 (hysteresis). 
  

 Fatigue testing of medical stockings with time delay reduction of force 

 
The medical stocking samples have been tested at axial traction only in the elastic 
range, in wale direction until the predetermined force (Fmin=0.65 N) has been 
reached; next the moving clamp stops and the measurements for the force reduction 
begin. 

Table 12. Relaxation tests on medical stockings 
Medical 
stockings 

Predetermined force (F= 0.65 N) 

Before use  CZ1

  
Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.590 0.580 0.570 0.567 0.563 0.563 
Relaxation degree, % 90.76 89.23 87.69 87.23 86.61 86.61 

CZ2

  

Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.603 0.589 0.582 0.564 0.563 0.562 
Relaxation degree, % 92.76 90.61 89.53 86.76 86.61 86.46 

CZ3

  

Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.594 0.582 0.576 0.571 0.566 0.565 
Relaxation degree, % 91.38 89.53 88.61 87.84 87.08 86.07 

CZ4 Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.564 0.552 0.545 0.540 0.536 0.534 
Relaxation degree, % 86.76 84.92 83.84 83.07 82.46 82.15 

After 15  
wearing 
washing 
 cycles 

CZ1

  

Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.572 0.557 0.552 0.546 0.543 0.539 
Relaxation degree, % 88.00 85.69 84.92 84.00 83.53 82.92 

CZ2

  

Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.575 0.560 0.555 0.551 0.547 0.544 
Relaxation degree, % 88.46 86.15 85.38 84.76 84.15 83.69 

CZ3

  

Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.574 0.565 0.556 0.553 0.551 0.549 
Relaxation degree, % 88.30 86.92 85.53 85.07 84.76 84.46 

CZ4 Time delay, min 5 10 15 20 25 30 
Remanent force, N 0.583 0.567 0.560 0.555 0.550 0.548 
Relaxation degree, % 89.69 87.23 86.15 85.38 84.60 84.30 
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Table 12 includes numerical results of the relaxation tests, which allow assessing the 
rank of the dropped forces, for both kinds of medical stockings, by mean of the 
relaxation degree.  

For all the samples, the predetermined force, F =0.65 N, has dropped with values 
between 0.025 N to 0.041 N, after 30 minutes time delay. In the same manner, the 
actual relaxation degree has dropped with about 4.15% to 6.3 %, for the same range 
of the time delay. The relaxation degree directly correlated with the dropped force 
measured on different compression zones showed different trends in those two 
stages, before use and after 15 wearing-washing cycles.  

 

 
a. Relaxation: stockings before use 

 
b. Relaxation: stockings after 15 wearing – washing cycles 

Figure 8. Relaxation diagrams for medical stockings evaluated at fatigue tests with time delay 
 
Figures 8 (a, b) show the dropped forces for the four compression zones along the 
leg of stockings, due to the relaxation behavior for both sample types of medical 
stockings tested in fatigue tests (before use and after 15 wearing – washing cycles). 
Accentuated decrease of the relaxation during the first part of the loading time 
(0÷15 min) comparatively to the second part of loading time (15÷30 min) can be 
assumed as a behavior similar with the effect of first manipulations over the 
stockings for each dress in. 
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Summarizing, the fatigue testing with time delay reduction of force emphasized the 
viscoelastic behavior of the compression stockings that must have suitable elastic 
properties, considering the daily use which involves successive wearing-washing 
cycles. 

 
 Fatigue testing of medical stockings with load cycles 

 
Using Mesdan TensoLab system as well, the defined forces were applied on the 
medical stockings samples (from the four compression zones). The first loading 
cycle start from the predetermined lower force to the predetermined higher force. 
After that, the higher force was reduced, until the lowest force was reached again for 
six loading cycles, the analysis methodology being similar with the one applied for 
yarns (Chapter II.2.1.1.3). 

Table 13 shows the average values of elongation obtained after fatigue tests with six 
loading cycles accomplished on the medical stockings for the four compression 
zones. 

 
Table 13. Fatigue behavior of medical stockings using six loading cycles 

Stockings 
sampling 

1 cc 2 cc 3 cc 4 cc 5 cc 6 cc 
Fmax Fmin Fmax Fmin Fmax Fmin Fmax Fmin Fmax Fmin Fmax Fmin 

B
ef

or
e 

u
se

 

CZ1 E% 91.7 69.2 94.2 72.6 96.6 74.8 97.9 75.2 98.7 76.6 99.8 77.6 

CZ2 E% 105.4 80.5 107.6 83.1 110.8 85.2 111.8 86.4 113.2 87.4 114 88.5 

CZ3 E% 137.3 107.9 141 111.5 143.3 112.8 145.2 114.9 146.4 116.8 147.6 117.7 

CZ4 E% 178.5 143.2 183. 148 186 150.2 188.3 152.8 190.3 154.6 191.8 155.4 

A
ft

er
 

1
5

 
w

ea
r-

w
as

h
 c

c.
 CZ1 E% 112.6 89.9 115.5 93.2 117.7 95.3 118.8 96.5 119.5 97.3 120.8 98.3 

CZ2 E% 138.0 112.7 141.3 115.4 143.4 117.9 144.5 119. 145.8 120.2 146.5 121 

CZ3 E% 160.2 128.5 163.5 133.9 165.9 136.5 167.5 138 168.8 139.3 169.8 140.5 

CZ4 E% 186.3 157.8 190.4 162.6 192.5 163.7 193.9 165.9 194.9 167.6 196.2 169.1 

 
Figures 9.a. and 9.b. show the hysteresis diagrams resulted as graphical 
representations of the fatigue tests with six load cycles between the two selected 
force values (F min to Fmax). 

 
a. Hysteresis: stockings before use 

0.55

0.65

0.75

0.85

0.95

1.05

1.15

1.25

1.35

60 70 80 90 100 110 120 130 140 150 160 170 180 190

F
o

rc
e

 [
N

]

Elongation [%]

Cz1

Cz2

Cz3

Cz4



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

60  

 

 

 

 
b. Hysteresis: stockings after 15 wearing – washing cycles 

Figure 9. Comparative hysteresis diagrams for different compression zones (before use) 

 
The hysteresis diagrams achieved as a result of six load cycles between two selected 
force values (0.65 N and 1.2 N) concern, in another manner, the viscoelastic 
behavior of medical stockings that have to preserve the designed gradual 
compression. Graphics indicate almost the same behavior for all medical stockings’ 
specimens, regardless of the status (before use/after fifteen wearing-washing 
cycles), and of the compression zone sampling along the leg. Apart from hysteresis 
diagrams, numerical results were selected and allowed emphasizing, as well, the 
viscoelastic behavior of the medical stockings through the resilience index, R (see 
Table 14.)  

Table 14. Numerical results from hysteresis diagrams for the work done appraising at the fatigue 
tests 

Medical 
stockings 
sampling 

Zone E1,1+ E2,1+ E1,1- E2,6+ E1,6- DE 1,1 
(6) 

DE 2,1 
 (6) 

R 

Before use CZ1 38.47 91.71 69.20 99.80 77.61 39.14 8.09  0.419 
CZ2 59.23 105.40 80.47 114.09 100 40.77 8.69  0.415 
CZ3 74.38 137.33 107.90 147.61 117.71 43.33 10.28  0.396 
CZ4 90.57 178.57 143.23 191.80 155.42 64.85 13.23  0.403 

After 15 
wearing washing 

cycles 

CZ1 53.90 112.57 115.52 120.85 98.38 44.48 8.28  0.366 
CZ2 71.71 138.00 141.33 146.47 121.04 49.33 8.47  0.405 
CZ3 83.12 160.13 163.52 169.80 140.57 57.45 9.67  0.362 
CZ4 109.52 186.30 190.38 196.19 169.14 59.62 9.89  0.339 

  
In Table 14 are presented values for the measurement points identified in the 
hysteresis diagrams : 
E1, 1+: elongation for Fmin, during the first load cycle; 
E2, 1+: elongation for Fmax, during the first load cycle; 
E1, 1- : elongation for Fmin, after the first load cycle; 
E2, 6+: elongation for Fmax, at the 6-th load cycle; 
E1, 6- : elongation for Fmin, at the 6-th load cycle; 
D E 1,1 (6): elongation between the first and the 6-th load cycle at the lower force 
limit (calculated as a difference between E 1,1+ şi E1,6- values);  
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D E 2,1 (6): elongation between the first and the 6-th load cycle at the upper force 
limit (calculated as a difference between E2,1+ and E2,6+ values); 

R: resilience index calculated after the 6-th load cycle, as a report between aria below 
the force–deformation diagram of the hindmost load cycle, and aria below the force–
deformation diagram of the entire fatigue test ( from the first until the last load 
cycle) for each stockings sample. 

The resilience index can provide the reaction and suitability of the designed medical 
stockings to subsequent fatigue tests, which can be related with the actual wear. The 
experimental results denote a better resilience of the samples taken over the 
medical stockings before use against the medical stockings after use, but not 
significant. Nevertheless, the evaluation of the medical stockings’ suitability in 
preserving the gradual compression after wearing-washing cycles was allowed, 
considering that this behavior is comparable to actual use. 

Summarizing, the fatigue testing with load cycles emphasized the viscoelastic 
behavior of medical stockings that are designed with gradual compression 
(necessary for the treatment of venous diseases). 

 
 
II.2.1.2.2.3. Triaxial tensile testing of the compression stockings 
 
The tensile tests may be performed in more than one fabric direction, that is the 
longitudinal and transversal directions, but each one is evaluated without 
considering any other phenomena along any other axis than that of the test; such 
tests are commonly classified as "uniaxial". This means that loads or deformations 
do not take place along only one axis, but they are applied and measured along only 
one axis. This is the framework of the strip test and grab test, which concern the 
load-elongation characteristics of a sample measured in a single direction for any 
given test [34, 35, 36, 37]. 

Nevertheless, the practical use of fabrics rarely imposes only uniaxial stress, because 
stresses and deformations follow more than one axial direction and, moreover, this 
regards the hosiery products which usually are knitwear characterized by good 
elastic properties [16, 24, 27].  

Using uniaxial tensile testing (strip test) in previous works, we pointed out the 
existence of a gradual compression along the leg, proving the concordance between 
the features of experimental medical stocking and the product end use. 

Considering the previous results, we intended to establish what happens with the 
gradual compression along the medical stockings after the wearing-washing process 
and what is the connection with the patients’ typo-dimension range. 

During the wearing process, medical stockings are submitted to traction stress, 
identically imposed around the leg, and differently imposed along the leg. Therefore, 
we considered that a strip test is not the appropriate method to simulate these 
fabrics behavior. This theory should be supported by the “fabric assistance” effect 
between the yarns of loops fastened within the clamps and those adjacent 
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contributing stresses. Consequently, the grab test was believed to be meaningful for 
the description the real behavior of knitted fabrics. 

To this regard, the tensile behavior of medical stockings might be better 
distinguished if the evaluation will consider the multi-direction approach of the 
tensile stress, not only on the wale direction (the uniaxial traction) but 
simultaneously in the wale-course–bias directions, denoted as triaxial traction 
[24,27,36,37].  

Therefore, in this research we proposed the use of the grab method applied, almost 
simultaneous, in three directions of the knitted stocking specimens (wale, course and 
bias), to reveal the above-mentioned goals. 

The tensile testing methodology is based on the assessments performed by the 
semiautomatic system Mesdan TensoLab, using clamps suitable for the grab test 
[35]. Due to the special shapes and dimensions of flat clamps used in the clamp 
device, the grab method will allow performing successively the tensile test, in 
several directions: wale, course and bias directions, with the possibility of 
measuring the applied load and elongation on only one axis at the time – see Figure 
10. 

We chose Mesdan TensoLab because this system was designed to record not only 
breaking strength but also strength and elongation in a continuous testing mode. 

Several difficulties came out and most of them related to the fabric grip 
arrangement, the main difficulty being the need to allow the fabric to undergo 
tensile stress along the direction of each clamp. In addition, the following 
particularities counted for the applied methodology: 

• We neglected the bending effect of the samples and we were concerned only 
with measuring the knitted fabric planar deformation; for that, we assured each 
loading over a similar scale of time in each test direction (wale, course, bias). 

• The loading levels, from minimum to maximum, were considered similar to those 
occurring during the normal use of stockings, lower than the breaking strength. 
The selected loading was applied directly for a small area near the center of the 
specimen. 

• During testing we had to avoid the relative rotation of the clamps that appeared 
from the knitted samples. By choosing low dimensions of the specimen, we 
constrained the clamps to remain parallel and thus to prevent rotation. 

• Considering the standardized Grab method, the knitted samples were placed on a 
flat surface before tests, until they were free of wrinkles and tensions. 

• The successive tensile testing of each sample has been accomplished, in three 
directions – wale, course, bias, with about ten seconds time delay between tests; 
this delay was considered tolerable, since the elasticity degree reduction is very 
low after releasing the loading, as proved by means of the relaxation diagrams.  

Therefore, the testing on the Mesdan TensoLab system used the following 
conditions: 
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 flat clamps: 1-inch width;  
 free gauge for the fabric clamping: 3 inches; 
 specimen size: 6-
 minimum and maximum load: F
 testing speed: 100 mm/min;
 control mode: continuous semiautomatic.

 

Figure 10. Grab method for triaxial tensile testing: 
applied almost simultaneously on three directions (wale, course and bias)

 
All fabric samples were conditioned before measuring also to reduce any localized 
stress caused by handling during preparation.

The group of compression stockings was tested in order to assess their ability to 
retain the designated compression after repeated wearing
use, after 15 wearing cycles and after 30 wearing cycles, by two patients.

The lengths and the girths of the patient leg at the measuring points given in Figure 
5, should be employed for the designated hosiery size, since the sizing
specified based on the ankle girth (point B from CZ

Therefore, the hosiery was designated by the type code (AT for panty hosiery) 
followed by three pairs of numbers, indicating the dimensions of the legs that the 
hosiery is intended to fit to: range of girth at the ankle, range of girth at the upper 
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inch width;   
free gauge for the fabric clamping: 3 inches;  

-inch x 6 inch; 
nd maximum load: Fmin = 0.65 N; Fmax = 1.2 N; 

testing speed: 100 mm/min; 
control mode: continuous semiautomatic. 

Figure 10. Grab method for triaxial tensile testing:  
applied almost simultaneously on three directions (wale, course and bias)

samples were conditioned before measuring also to reduce any localized 
stress caused by handling during preparation. 

The group of compression stockings was tested in order to assess their ability to 
retain the designated compression after repeated wearing-washing cycles: before 
use, after 15 wearing cycles and after 30 wearing cycles, by two patients.

The lengths and the girths of the patient leg at the measuring points given in Figure 
5, should be employed for the designated hosiery size, since the sizing
specified based on the ankle girth (point B from CZ1) [19].  

Therefore, the hosiery was designated by the type code (AT for panty hosiery) 
followed by three pairs of numbers, indicating the dimensions of the legs that the 

fit to: range of girth at the ankle, range of girth at the upper 
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applied almost simultaneously on three directions (wale, course and bias) 

samples were conditioned before measuring also to reduce any localized 

The group of compression stockings was tested in order to assess their ability to 
washing cycles: before 

use, after 15 wearing cycles and after 30 wearing cycles, by two patients. 

The lengths and the girths of the patient leg at the measuring points given in Figure 
5, should be employed for the designated hosiery size, since the sizing system is 

Therefore, the hosiery was designated by the type code (AT for panty hosiery) 
followed by three pairs of numbers, indicating the dimensions of the legs that the 

fit to: range of girth at the ankle, range of girth at the upper 
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end of the hosiery and the range of length. The patients (P1 and P2) subjected to this 
study were included in the typo-dimensions range presented in Table 15. 

Table 15. Patients dimensions for wearing the compression stockings  
No. Shape Girth at the ankle  Girth at the upper end  Length 
P 1 Normal shape 22 cm to 24 cm 57 cm to 60 cm 74 cm to 77 cm  

(normal hosiery) P 2 Sturdy shape 25 cm to 27 cm 70 cm to 73 cm 

 
In order to reveal the connections between the size of medical stockings and the 
patients’ dimensions in preserving the designed compression after wearing, we 
tested one type of medical stocking with size designation AT 22-24 (57-60/74-77), 
worn by the two patients (P1 and P2) who had different leg shapes, but of the same 
length, see Table 15.  

Table 16. Elongation values for medical stockings -before use 
Force Fmin Fmax 

Testing directions Wale Course Bias (45o) Wale Course Bias (45o) 
Compression zones Relative elongation – E % 

CZ1 30.55 34.51 35.88 52.61 65.42 67.65 
CZ2 35.12 39.29 40.07 60.82 69.8 75.52 
CZ3 40.58 45.19 46.53 85.42 92.59 94.47 
CZ4 54.99 60.35 63.41 112.69 115.88 122.7 

 
Table 17. Elongation values for medical stockings - after 15 wearing- washing cycles 

 Force Fmin Fmax 
 Testing directions Wale Course Bias (45o) Wale Course Bias (45o) 
 Compression zones Relative elongation – E% 

Pa
ti

en
t 

1 CZ1 34.09 36.86 37.06 59.45 67.85 67.33 
CZ2 40.66 41.8 42.41 76.06 78.66 78.93 
CZ3 47.6 51.53 52.46 88.2 93.46 96.86 
CZ4 59.73 62.6 64.06 116.73 117.6 123.33 

P
at

ie
nt

2 CZ1 37.01 40.82 39.05 75.67 82.45 83.24 
CZ2 43.17 43.88 43.47 84.07 85.02 89.88 
CZ3 52.94 59.29 60.11 108.58 97.88 116.58 
CZ4 66.86 75.2 68.03 133.6 137.13 126.32 

 
Table 18. Elongation values for medical stockings - after 30 wearing-washing cycles  

 Force Fmin Fmax 
 Testing directions Wale Course Bias (45o) Wale Course Bias (45o) 
 Compression zones Relative elongation – E% 

P
at

ie
nt

 1
 CZ1 36.73 37.23 39.26 68.4 70.73 71.66 

CZ2 41.2 43.46 44.93 85.06 87.3 89.06 
CZ3 51.2 53.26 55.41 96.46 100.6 102.8 
CZ4 63.93 65.2 67.33 126.36 129.1 132.46 

P
at

ie
nt

 2
 CZ1 40.73 46.66 44.26 78.4 93.73 86.66 

CZ2 48.2 51.46 50.93 95.06 103.73 101.06 
CZ3 56.2 63.26 65.41 113.46 117.6 118.8 
CZ4 72.93 78.2 75.33 138.36 148 139.46 
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The selected patients were in the same moderate stages of chronic venous disease 
and no significant differences were observed in girth, between right and left leg of 
same patient. To quantify the compression degree of the medical stockings, we 
considered a reversely proportional dependence between the compression degree 
and the relative elongation [27].  Tables 16, 17 and 18 show the average values of 
relative elongation on the three directions, obtained by applying the grab method on 
the tested samples. 

The experimental results achieved by means of the triaxial tensile testing have the 
polar graphic configuration, which reveals the stockings’ reaction to the applied 
loading for each of the four gradual compression zones.  

Figures 11.a and 11.b display the triaxial disposal of the average values of the 
measured deformations for the samples picked out along the stockings leg before 
use (evaluated for the minimum and the maximum load). The similar characteristics, 
for the samples taken along the stockings leg used by each of two patients after 15 
wearing-washing cycles are represented in Figures 12.a,b. , and 13.a,b. for Patient 1. 

The results of the evaluation of compression stockings after 30 wearing-washing 
cycles are represented in Figures 14.a, b and 15.a,b. for Patient 2. Regardless of the 
stocking’s condition (new/used), the grab tests applied in wale, course and bias 
directions, emphasized the gradual compression features of stockings, by means of 
deformation distribution along the leg. 

Considering the stockings before use as a reference, the features of triaxial 
deformations, suggest changes of the compression levels for all tested samples along 
the leg. Medical stockings with matching size, worn by two patients with different 
limb shapes, revealed changes of the compressive features that may be considered 
as an amount of both, wearing-washing processes for different durations and 
stockings size fit/unfit on the patient’s dimensions. 

 

  
a. b. 

Figure 11. Triaxial deformation on the four compression zones- before use 
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a b 

Figures 12. Triaxial deformation on the four compression zones-Patient 1, after 15 cycles 

  
a b 

Figures 13. Triaxial deformation on the four compression zones-Patient 1, after 30 cycles 

  
a b 

Figures 14. Triaxial deformation on the four compression zones- Patient 2, after 15 cycles 
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a b 

Figures 15. Triaxial deformation on the four compression zones- Patient 2, after 30 cycles 

 
For the normal shape patient (Patient 1), the compressive features have been good 
enough, comparing with the sturdy shape patient (Patient 2). For the last one, the 
smaller size of hosiery had an impact with a deficit of compression properties in 
time, revealed by the increasing values of the triaxial deformation. 

Summarizing, the quality assessment of the medical stockings must consider the 
gradual compression achievement and the preservation, too. The features of medical 
compression stockings, as Medtech textiles, are of interest since these products are 
regularly worn and washed, while the gradual compression capacity must remain 
unchanged. Our research addressed tensile testing (axial and multi-axial) as a 
versatile indicator of the mechanical behavior of compression stockings, almost 
similar to wear. The testing strategy presented in our research allowed to assess the 
presence and maintenance of the gradual compression in ready-made compression 
hosiery, after repeated wearing and washing cycles.  The strength testing performed 
by means of the strip test and the grab test could be an original way to investigate 
the mechanical behavior of the elastic knitwear at real-similar loads involved during 
wear. Obtained results confirm the concordance between features of medical 
stockings and their end use. In addition, it was confirmed that the requirement for a 
good fit of stockings on the patient's leg is a significant condition for maintaining the 
efficiency of elastic medical compression stockings. 

Successive steps were taken by the author of this manuscript to achieve valuable 
outcomes for the quality assessment of the compression stockings: starting from the 
CEEX 192/2006 project, namely DERMACTIVTEX, an interdisciplinary team led by 
Professor Radu. C. D. aimed to improve the treatment of chronical venous diseases of 
the leg by using compression hosiery made out of knitted fabrics impregnated with 
pharmaceutical products. To accomplish the project goals, a closer cooperation 
between patients, physician, textile designer and chemist was necessary. Among 
multiple disseminations, it is worth mentioning that on this subject, a poster was 
presented by the author at the AATCC International Conference, held in March 24-
26, 2015 in Savannah, Georgia, USA. 
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II.2.2. CONFORMITY ASSESSMENT OF CLOTHTECH TEXTILES 

 

The Clothtech division of technical textiles comprises textile components used for 
specific functional applications in garments and shoes. The technical textile products 
covered under Clothtech refers to sewing threads, interlinings, wadding, zip 
fasteners, elastic narrow fabrics, Velcro, labels, shoelaces, umbrella cloth, etc. Most 
of these components are hidden and can be considered accessories but, in practice, 
they are used to complete the final products and are of great importance for the 
overall products’ performance in terms of durability, optimum wearing comfort and 
added value by accurate fit and aesthetics [1, 2, 3, 4].    

Sewing threads are threads especially engineered to satisfy the requirements of the 
end use applications in almost every technical textile sector, including Clothtech and, 
nowadays, they account for around 60% of the technical textiles consumption [1,3].   

The quality assessment of a sewing thread involves mandatory testing for 
sewability, which is defined as the ability and ease with which fabric components 
can be quantitatively and qualitatively seamed together to convert a two 
dimensional fabric into three dimensional apparel and depends most of all on the 
quality of the seam, [1, 2, 3, 4].  

The quality requirements of the sewing threads are very rigorous, both for the 
sewing process itself and for the subsequent use of the final product. Therefore, the 
techniques for the selection of the most suitable sewing threads must be applied.  

The literature shows that the quality of the clothing manufacturing is significant for 
the garment supplier and for the customer too and, subsequently, there is a need to 
establish the quality profiles of the sewing threads suitable for every type of 
garment which has specific use properties, mainly depending on the number of 
layers obtained from different textile materials. Different approaches on the quality 
level of the garment underline two major categories of features that are usually 
involved: the design features (product design, materials including sewing threads, 
manufacturing particularities, sewing parameters and finishing techniques) and the 
performance features for the achievement of several physiological, physical and 
aesthetic properties [1, 2, 3, 4]. 

A lot of work regarding this topic belongs to the suppliers indicating that, nowadays, 
the manufacturing sewing industry has an ever-higher demand for a variety of 
sewing threads, due to the diversity of raw materials and the widening of fields 
using textile materials, like technical textiles [5, 6]. It was established that sewing 
threads play an essential role for a successful sewing operation, and a wrong thread 
may affect the garment quality, but also the sewing machine. Studies pointed out 
that it is necessary to select the right type of sewing thread which can suit one 
requirement exactly and this can be done by knowing the overall sewing processing, 
the raw materials’ various end-uses demands and by using modern testing 
techniques, [5, 6,7]. 
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Other studies confirmed that the industrial sewing techniques have specific and very 
strict demands regarding the threads involved in the desired seam. Moreover, they 
show that the primary function of a seam is to provide uniform stress transfer from 
one piece of the product to another, preserving the overall integrity of the product 
[8, 9]. 

 
 
 
 
II.2.2.1. SEWING THREADS FOR LEATHER AND HEAVY TECHNICAL 

FABRICS 
 

 

The quality control of the sewing threads pays special attention to the assessment of 
sewability, which can be also defined as a thread's ability to perform on the sewing 
machine. For this purpose, there are a large number of tests available to assess the 
quality of sewing threads, regarding the physical and fastness properties, [7, 8, 9]. 

The following research focused on several methods for evaluating the sewing 
threads properties to provide an appropriate sewability for leather and heavy 
technical fabrics [10]. The experiments performed for the sewing thread selection 
focused on the suitability of the sewing thread type, and on the mechanical 
properties of threads, considering the destination for seaming leather and heavy 
technical fabrics [5, 6]. 

From the wide assortment offered by AMANN Group seven sewing threads designed 
and manufactured as SERAFIL 10, 15, 20, 30, 40, 60 and 80, made out of 100% 
polyester continuous filaments [5, 6] were selected. Considering the products 
portfolio belonging to Amann, the Serafil was reported to offer the following quality 
features: high thermal resistance during the sewing process; antistatic properties; 
water repellent (on request), outstanding sewing performance and, due to the 
smooth surface, it provides a lustrous appearance where decorative seams are 
required. The range of the sewing threads also has fastness properties: to artificial 
daylight, perspiration, washing, rubbing, dry cleaning, water, bleaching with 
hypochlorite.  

Table 1 shows the overall recommendations regarding the destination of these 
seven sewing threads as established by the producer (Amann Group). 

In this study, experiments have been carried out in three steps:  
1. Cause and effect analysis referring to the most important properties required by 
the sewability of the sewing threads and by the quality of the seam; 
2. Tensile testing of the sewing threads with an advanced tensile system  
3. Statistical analysis for comparing and ranking the sewing threads designed for 
leather goods, by using the original software STAT-ADM. 
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Table 1 Overall recommendation for end-use with SERAFIL sewing threads 
Nr.Sewing 

article 
Ticket 
number 

Particular 
 use 

Seam type Overall  
application 

1. SERAFIL 
10 

 
shoes 

for ornamental and 
topstitching  

rustic coarse ornamental thread for 
shoes and leather, for heavy technical 
textiles, coarse decorative 
embroidery 

2. SERAFIL 
15 

 
shoes 

for decorative and 
topstitching  

3. SERAFIL 
20 

leather bags topstitch  universal sewing thread for heavy 
shoes, airbags, car seats, suitcases, 
leather, and heavy technical fabrics. 

4. SERAFIL 
30 

leather bags closing  

shoes, car seats, upholstery, bags, 
leather, and technical fabrics. 

belts closing and topstitch  

5. SERAFIL 
40 

leather trousers topstitch  

shoes back and staying  
bar tack  
blackstrap and toe cap  
decorative  

6. SERAFIL 
60 

jackets and coats  closing  
topstitch  

shoes, bags, leather, upholstery, 
zippers, gloves, as well as for 
mattresses and multi-needle quilting. 

shoes 
 

blackstrap and toe cap  
decorative  

small leather goods closing and topstitch 

7. SERAFIL 
80 

leather gloves closing and topstitch 

shoes lining  

 
 
 
II.2.2.1.1. Configuration of cause-effect diagram 
 

A sewing thread must have good sewability and, first of all, this means the ability to 
join properly different fabrics that must last as much as the whole garment does. 
Talking about sewability, the cause-effect analysis may draw out all possible 
contributing factors of this wanted effect. In the Ishikawa diagram, the first listed 
were the main factors (most likely causes of the effect) reduced to their sub-causes 
to quantify the main causes and the sub-causes that can affect sewability. These 
factors were then critically analyzed in the light of their probable contribution to the 
effect, the selected ones becoming subjects for the experiments. Revealing the 
connections between sewing threads quality criteria and seam quality criteria, it 
was possible to determine the validity of their selection [11].  

Figure 1 includes the three main factors and their subsequent features that 
determine the sewing performance. The overall selected factors were:  

• the sewing threads quality criteria with threads’ structural characteristics, 
mechanical characteristics, and aesthetic characteristics;  
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• the seam standard quality criteria with sewing thread particularities, seam 
mechanical characteristics and seam profitability;  

• the seam individual product-related quality criteria for decisive functions of the 
threads in garments, according to the customer specifications and the garment 
quality profile. 

Sewability is a comprehensive quality indicator for all sewing threads quality 
features and, in the cause–effect diagram, the mechanical characteristics of the 
threads and of the seam were displayed based on the two subsequent facts as 
follows:  

• The tensile strength of the sewing threads is a decisive indicator for both seam 
stability and sewability, given the breaking force, the tenacity and the loop 
strength (related to the actual stress in stitch formation looping) because threads 
must be able to withstand kinetic movements during sewing.  

• The seam stability is a decisive indicator for sewability as a standard seam 
quality criterion; the effects are achieved through the seam breaking strength 
(describing the resistance of seams to the tensile stress on the seam in crosswise 
direction) and the seam slippage (like a fabric-related issue) under tensile force. 

Theoretically, if we combine the factors that provide good durability with those that 
provide good sewability, the best sewing thread for the job should be obtained. 

 

  
Figure 1: Cause and effect diagram showing the quality sewability factors 
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II.2.2.1.2. Tensile testing of the sewing threads  
 
In order to reveal what the connections between size and mechanical characteristics 
in preserving the designed sewability for leather products are, the seven types of 
SERAFIL sewing threads were tested.  

The tensile testing was performed with Uster® Tensorapid 4, providing a high-
quality level of laboratory evaluation for the sewing threads [12]. Table 2 presents 
the average values of the tensile properties for the tested sewing threads, subjected 
to sewability assessment, together with the approximate values of both, the nominal 
breaking force and elongation at break. 

Regarding the threads dimensional characteristic, for the sewing threads it is usual 
to refer to a global numbering system established according to their suitable 
strength classes. Therefore, the sewing numbering is using the “ticket number”, 
which is a global numbering system for threads, established according to their 
suitable strength classes. In the sewing threads manufacturing and in the garment 
manufacturing, decisions about the threads size are in consensus with the rule: “the 
higher the ticket number, the finer the sewing thread”. However, in manufacturing it 
is necessary to select the suitable thread strength only in connection with the actual 
ticket number, besides the raw material and the construction of a sewing thread.  

 
 Table 2. Overall tensile properties of SERAFIL sewing threads 
Nr. Sewing 

article 
Ticket 
number 

Nominal  
size 
,Ttex 

Nominal 
Breaking 
force, 
 cN 

Nominal 
Elongation 
at break 
% 

Uster® Tensorapid- quality reports 
B-
Force, 
cN 

Elongation,  
 % 

Tenacity, 
cN/tex 

B-
Work, 
N∙cm 

CV B-

Work, 
% 

1.  SERAFIL 
10 

270 17850 25 18080 25.73 57.01 1201 5.4 

2.  SERAFIL 
15 

210 12660 23 12530 24.09 56.21 791.4 9 

3.  SERAFIL 
20 

135 8960 19 9166 19.09 60.22 435.6 10.9 

4.  SERAFIL 
30 

90 5540 18 5558 16.65 61.83 213.0 7.5 

5.  SERAFIL 
40 

70 4520 17 4443 17.17 60.28 188.3 8.7 

6.  SERAFIL 
60 

45 3040 17 2934 17.52 60.49 132.3 7.9 

7.  SERAFIL 
80 

30 2210 16 2242 17.52 61.26 105.1 10.7 

 
The seam stability depends on the sewing thread’s strength, because any reduction 
in the thread’s strength during sewing can lead to a lower seam strength. To 
minimize the thread strength’s reduction and to improve the seam stability, it was 
important to emphasize the contribution of different ticket number values on it. 

The results shown in Table 2 allow the overall evaluation of the mechanical 
characteristics for the entire range of sewing threads designed for use in leather 
goods and for heavy technical fabrics sewing.  
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The variation of thread size interaction with tensile properties was found to have a 
relevant effect in the reduction of the SERAFIL tensile properties. Sewing numbering 
through ticket numbers was fixed according to their suitable strength classes. In the 
analysis of the mechanical characteristics of the SERAFIL assortment, the effect of 
the sewing thread ticket number was observed mostly because the sewing thread 
strength increases with the thread size. The threads tenacity versus the threads 
ticket number remains almost constant for coarse and fine threads, for the given raw 
material, namely 100% polyester continuous filaments. The threads elongation 
increases with the decreasing sewing ticket number. The work done to break is 
higher for the coarse sewing threads and increases with their strength and/or 
elongation; as a result, the lower thread’s strength in a seam could be compensated 
with a better elongation. 

 
 
II.2.2.1.3. Statistical analysis with the Multicriteria Decision 

software applied for sewing threads selection 
 

The goal of this study was to improve the selection of sewing threads made of 100% 
polyester continuous filaments, for a good sewability of leather clothes. In order to 
accomplish this task, a specific statistical analysis was necessary. To analyze the 
above data, the former achieved software STAT-ADM (Statistical Analysis with 
MultiCriteria Decision) was thought to be appropriate [13, 14]. STAT–ADM provided 
a flexible technique for comparing and ranking the raw materials, conditioned only 
by the providing of similar high-quality testing and the ranking of the quality 
characteristics, according to their contribution to the products quality. Using this 
decision-making tool, only one of the ranked options (seven SERAFIL sewing 
threads with ticket numbers between 10 and 80) can be selected as the best, by 
comparing their features, according to previously established criteria.  

Considering the work algorithm for running the STAT-ADM software, the selection 
criteria were listed. Their grading emphasized the quality characteristics that have a 
certain impact on the sewing thread quality designed for leather products and on 
the sewability. The literature reported as critical factors necessary for good 
sewability the following:  thread strength, optimum twist levels, low fault levels, 
tenacity, low and controlled elongation, and lubrication [4, 7, 9].    

Therefore, the analysis criteria were based on the following four important tensile 
properties: work done to break (B-Work), variation of work done (CVB-Work), tenacity 
and elongation.  

The work done to break is an important quality parameter for characterizing sewing 
threads, as it considers the overall strength and elongation.  

The variation of the work done to break is also important because, usually, the 
probability for weak places is higher for fine threads.  

Tenacity and elongation are important for the loop property since it is one of the 
most important characteristics of a sewing thread as well.  
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The criteria grading, according to the practical significance, and the importance 
coefficients computed, were:  

1: B-Work (mark 10, importance coefficient 0.3);  
2: CVB-Work (mark 9, importance coefficient 0.26);  
3: Tenacity (mark 8, importance coefficient 0.24);  
4: Elongation (mark 7, importance coefficient 0.2). 

The ranking of tensile properties contributions to the sewing quality stand as 
analysis criteria, provided in this case study by STAT-ADM. 

 
After the subsequent stages of STAT-ADM were completed, a hierarchy was achieved 
for the range of the sewing threads – see Figure 2. In the final stage, the STAT-ADM 
software allowed appraising the adequate sewability by means of sewing treads 
tensile properties. The rising order of the difference sum accounts for the hierarchy 
of the sewing threads, hence the proper variant that corresponds to the maximal 
positive value of the difference sum column, proved to be SERAFIL 10 (variant 1) – 
the most adequate, assuring the best sewability for leather and heavy technical 
fabrics. 

Summarizing, performing the tensile testing and the adequate statistical analysis, 
could be additional approaches to investigate the quality of sewing threads and to 
assess the long-expected performance of the seam for a proper sewability.  
The results revealed a significant potential of the presented approach in selection of 
the threads, for leather and heavy technical fabrics sewing. In practice, the choice of 
the sewing threads implies the sewing recommendations from the supplier. 
 

 

 

a. Main  window  of STAT-ADM b. Consequence and utility matrix 
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c. Concordance, discordance, difference matrixes and sum d. Work window with threads 

hierarchy 
Figure 2: STAT–ADM dialogue windows 

 
However, the seam quality criteria are a key factor of sewability, and the overall 
quality assessment implies certain evaluation tests made on the sewing threads.  
The success of the sewing operation depends on the sewing threads’ characteristics, 
which can affect the product features for a specific end use, [4,6,7].  

To this respect, a related study refers to the sewing threads designed for leather 
footwear sewing, considering the structural and mechanical properties effects on 
the sewability features .This research focused on two sewing threads articles made 
of Polyester core-spun threads and of Polyester multifilament threads, 
recommended for leather footwear production, to assure a proper selection based 
on both the structural and mechanical quality profiles of the threads, [15]. While the 
spun threads are the most common types, the core-spun sewing threads are 
produced to achieve an optimum combination: strength-with-fineness of the 
continuous-filament threads, together with sewing performance and surface 
characteristics of spun-fiber threads [5, 6].  

The evaluation was carried out on the following two sewing threads articles, each 
with two different ticket numbers, made by AMANN Group and advised to be used 
for leather footwear manufacturing: SABAC  80 and SABAC 120; SERAFIL  80 and 
SERAFIL 120. 

According to AMANN, it is assumed that the sewing thread type depends on the yarn 
structure. Hence, referring to the sewing threads types as raw material in this study, 
it was necessary to point out the following features: 

• SABAC  is a Polyester core spun thread braided with Polyester cut staple fibers 
(with a length of 40 mm, the same as the higher quality cotton fiber) showing high 
performance in sewing process (with high strength and abrasion resistance) and 
designed for versatile uses, including for technical applications;  
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• SERAFIL is a Polyester multifilament thread designed for technical applications, 
such as leather products, heavy technical fabrics, and upholstery (with high strength 
and abrasion resistance and also with smooth surface). 

According to the supplier specifications [6] both articles are common in practice for 
the leather footwear production, always depending on the material selected to be 
sewn: SABAC 80 and SERAFIL 80 (for joining seams); SABAC 120 and SERAFIL 120 
(for overedging). These sewing threads have common recommendation regarding 
the needle size needed for sewing (Nm 90 ÷100). Particularly, the Polyester core 
spun thread improves the seam appearance when is used as needle thread, and the 
Polyester multifilament thread is suitable for water-repellent footwear.  

 
Table 3: Tensile quality profiles of SABA® and SERAFIL® sewing threads 
Sewing thread - article   SABAC SERAFIL 
Ticket number  80 120 80 120 
 Nominal count size, Nm 45/2 72/2 82/3 120/3 
Breaking Force 
 FH, cN 

Specification   2.100 1.200 2.210 1.500 
Actual values 1915 1161 2188 1476 

CV FH, % 2.0 2.6 1.1 1.2 
Elongation  
 EH, %  

Specification  approx. 18 ÷14 approx. 16 ÷ 20 
Actual values 17.72 13.85 16.88 18.20 

CVEH, % 1.6 2.1 4.6 2.7 
Tenacity 
R H, cN/tex 

Specification approx. 40 ÷50 approx. 50 ÷60 
Actual values 42.76 40.73 59.45 59.51 

CVRH, % 2.0 2.6 1.1 1.2 
Work done to break 
WH, N∙cm 

Actual values 72.23 39.04 97.10 62.97 

CVWH , % 3.4 4.3 7.7 5.5 

 
In order to minimize the thread strength reduction and to improve the seam 
stability, it was important to understand the contribution of different ticket numbers 
on the sewing threads mechanical features.  

To reveal these connections in preserving the designed sewability for leather 
footwear, the four sewing threads were evaluated with the Uster® Tensorapid 4 
system [12]. Table 3 presents the average values of the overall tensile features for 
the two types of sewing threads, subjected to sewability assessment, taking into 
account the specifications for the main characteristics from AMANN [5, 6]. 

Table 3 allows an overall evaluation of the mechanical characteristics for the 
Polyester core spun threads (SABAC 80 and SABA C 120), and for the Polyester 
multifilament thread (SERAFIL 80 and SERAFIL 120) sewing threads, designed for 
use in leather footwear seams. This table displays the specifications from the 
supplier and the actual values achieved after the tensile testing with 
UsterTensorapid 4.  

In the analysis of the mechanical characteristics of SABA and SERAFIL, the evolution 
of the sewing tenacity versus sewing ticket number remains almost constant for 
coarse and fine threads, for the same given raw material. The sewing elongation 
increases with the decreasing of the sewing ticket number for SABAC, with different 
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behavior from SERAFIL, but in accordance with the specifications. The work done to 
break is higher for the coarse sewing threads (both articles with ticket number 80) 
revealing that lower thread strength in seam could be compensated with a better 
elongation. 

Since the variation coefficients of the tensile features might have a relevant effect in 
changing the threads’ mechanical behavior, the force-elongation characteristic 
curves for Polyester core spun thread and for Polyester multifilament thread from 
UTR4 tests report have been displayed – see Figure 3. The sewing threads’ 
elongation influences its sewability by means of stretching ability of the seams; for 
this reason, it was important to emphasize the uniformity of the tensile behavior. 

 

a. SABAC 80 b. SABAC 120 

c. SERAFIL 80 d. SERAFIL 120 

 

Figure 3. Force-elongation characteristic curves for SABAC and SERAFIL 
 
For the selection referring to both articles, SABA and SERAFIL, the multicriteria 
analysis by means of the STAT-ADM software was applied. 

With respect to the work algorithm for running the STAT-ADM software, the 
analysis criteria were based on the following four tensile features: work done to 
break (B-Work), tenacity, elongation and variation of work done to break (CVB-Work), 
according to the practical clues regarding the sewing of the leather footwear.  

This approach was reasonable because any change in the sewing threads tensile 
behavior during sewing can lead to lower sewability outcomes. 

The criteria grading and the importance coefficients calculation, carried out as 
follows:  
1: B-Work (mark 10, importance coefficient 0.3);  
2: Tenacity (mark 9, importance coefficient 0.26);  
3: Elongation (mark 8, importance coefficient 0.24);  



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

78  

 

 

 

4: CVB-Work (mark 7, importance coefficient 0.2). 
Figure 4 shows the dialogue windows displayed after completing the STAT–ADM 
software main stages. After the subsequent stages of STAT-ADM were completed, a 
sewing threads’ hierarchy achieved by means of the rising order of the difference 
amount.  

 

 

a. Main window of STAT-ADM b. Window with consequence and utility matrix 

  
c. Concordance, discordance, difference matrixes 
and amount 

d. Main window with threads hierarchy 

Figure 4. STAT–ADM dialogue windows for SABAC and SERAFIL sewing threads multicriteria analysis 

 
After applying the multi-criteria analysis, a quick hierarchy for the two types of 
sewing thread manufactured as SABA and SERAFIL with different ticket numbers 
(80 and 120) has been achieved.  

The best variant corresponds to the highest positive value of the difference amount; 
in this way, the SERAFIL 80 (variant 3) was pointed out as being the most adequate 
thread for sewn leather footwear.  
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II.2.2.2. SEWING THREADS FOR UPHOLSTERY 

 

The selection of a sewing thread suitable for a specific end use implies an 
appropriate connection between the raw material, the structure, the properties and 
the construction of the yarns, ensuring, at the same time, appropriate conditions for 
fault-free sewing process by means of seam type, sewing machine, the needle 
fineness and the material to be sewn [1, 4, 5, 6]. The influence of sewing threads on 
the quality of stitching is significant and, therefore, the choice of a sewing thread for 
a specific end use should consider the professional advice from the supplier but also, 
the aesthetic, functional and performance criteria of the product to be fashioned by 
sewing.  

Thus, the sewing thread for a closing seam, an overedging seam or an ornamental 
seam must match the assembled material, assuring a suitable durability. Moreover, 
when it comes to the upholstered furniture, extremely high-quality seams are 
needed.  

The upholstered furniture made from leather or artificial leather demands 
durability, abrasion resistance and elasticity of seam. In addition, the sewing threads 
used for upholstery seams must provide performance in terms of design and 
functionality [5, 6]. 

This study presents the results of a research concerning the properties of sewing 
threads made from 100 % polyester continuous filaments of high tenacity, designed 
for a common destination – home interior – as closing seams and multi-needle 
quilting, in connection with their sewing performances, [16]. Two sewing threads 
articles recommended for upholstered furniture as closing seams and multi-needle 
quilting, brand by AMANN Group, SERAFIL 80 and TOPFIL 80, were considered for 
the quality evaluation and proper selection. 

According to the producer specifications [5, 6] both articles have a common 
application field, being designed for "home interior”. Also, both sewing threads have 
common features such as the same raw material and the same ticket number and are 
recommended to be used as needle thread with similar needle size range for 
stitching (Nm 70-120). However, there are also some differences regarding the 
recommendation of use, as follows. Through design and processing, the SERAFIL 80 
sewing thread is intended for a wide range of applications in joining seams (closing 
seams, welt seams and multi-needle quilting) for upholstery, outdoor lounge 
furniture and mattresses. Instead, the TOPFIL 80 sewing thread has a narrower 
range of applications as needle thread for closing seams and multi-needle quilting 
for mattresses. The main major difference between the two sewing threads is the 
yarn’s construction. Consequently, the problem addressed was whether the TOPFIL 
80 sewing thread can be used as well in the upholstery field as the SERAFIL 80 is. 

Table 4 summarized the basic technical information regarding the selected sewing 
threads, considering the producer’s specification accessible to the customers. 
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In order to emphasize the overall contribution of the sewing threads’ structural 
particularities on the durability features, SERAFIL 80 and TOPFIL 80 were tested 
regarding the mechanical properties linked to the actual end use requirements for 
the upholstered furniture, as follows: 
- Yarn tensile testing with Uster®Tensorapid 4 equipment (in accordance with 
SR EN ISO 2062:2010 standard);
- Yarn friction behavior with Graf Friction
with ASTM D3108 standard).  
Before testing, all samples were conditioned for 24 h at 65% relative humidity and 
20°C, according to the SR EN ISO 139:2005 standard

Table 4. Technical information on the sewing threads 
Sewing thread article 
Technical information 
Raw material 

Ticket number 

Linear density (dtex) 

Count size (Nm) 

Breaking Force (FH, cN) 

Elongation at break (EH, %) 

Applied lubricating agent (%) 

Average tension for the thread' friction (FAV, cN)

Dimensionless number for the  
roughness of the friction diagram (WAV)
Seam type 

Seam appearance 

Stitch type 

 
 

II.2.2.2.1. Tensile properties of sewing threads
 
 
Table 5 presents the average values of the ov
sewing threads. It should be noted that the values obtained for the tensile 
properties, namely breaking force, and breaking elongation, meet the allowable 
limits indicated by the producer's specifications (see Tab

On the other hand, from the tensile characteristics’ uniformity point of view, there 
are significant differences between the two types of sewing threads, reflected by the 
coefficient of variation values –

Regarding the breaking force, the TOPFIL 80 article has a coefficient of variation 
twice smaller than SERAFIL 80, while the coefficient of variation of elongation at 
break is three and a half times smaller. Higher values of the tensile properties’ 
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In order to emphasize the overall contribution of the sewing threads’ structural 
particularities on the durability features, SERAFIL 80 and TOPFIL 80 were tested 

mechanical properties linked to the actual end use requirements for 
the upholstered furniture, as follows:  

Yarn tensile testing with Uster®Tensorapid 4 equipment (in accordance with 
SR EN ISO 2062:2010 standard); 

Yarn friction behavior with Graf Friction Tester equipment (in accordance 
 

Before testing, all samples were conditioned for 24 h at 65% relative humidity and 
20°C, according to the SR EN ISO 139:2005 standard. 

Table 4. Technical information on the sewing threads [5,6] 
SERAFIL 80 TOPFIL 80 

100% Polyester continuous filament

80 

122 * 3 dtex 
(approx. 36 tex) 

175 * 2 dtex 
(approx. 36 tex) 

Nm 82 / 3  
(approx. 28) 

Nm 57 / 2  
(approx. 28) 

approx. 2210 cN approx. 2300 cN 

approx. 16 % approx. 16 % 

2-4 % 

Average tension for the thread' friction (FAV, cN) 60 - max. 110 

 
roughness of the friction diagram (WAV) 

max. 60 

closing seams/ multi-needle quilting

 

301 lockstitches 

Tensile properties of sewing threads for upholstery

Table 5 presents the average values of the overall tensile features of the two types of 
It should be noted that the values obtained for the tensile 

properties, namely breaking force, and breaking elongation, meet the allowable 
limits indicated by the producer's specifications (see Table 4).  

On the other hand, from the tensile characteristics’ uniformity point of view, there 
are significant differences between the two types of sewing threads, reflected by the 

– see Figure 5.  

, the TOPFIL 80 article has a coefficient of variation 
twice smaller than SERAFIL 80, while the coefficient of variation of elongation at 
break is three and a half times smaller. Higher values of the tensile properties’ 
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variation coefficients indicate the 
mechanical behavior during the sewing process, influencing their sewability by 
means of stretching ability of the seams.
SERAFIL 80 compared to TOPFIL80, and for this 
emphasize the uniformity of tensile behavior through the mechanical work done to 
break and force-elongation diagrams.

Table 5. Tensile properties of sewing threads
Sewing thread article
Tensile properties
Breaking Force (F
CV FH, % 
Elongation at break (E
CVEH, % 
Tenacity (R H, 

CVRH, % 
Work done to break (W
CVWH , % 

 

Figure 5. Graphical representation of the tensile properties of selected sewing threads

a. SERAFIL 80 
Figure 6. Force-elongation diagrams of the selected sewing threads
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variation coefficients indicate the possibility of changing the sewing threads’ 
mechanical behavior during the sewing process, influencing their sewability by 
means of stretching ability of the seams. This issue seems to be more sensitive for to 
SERAFIL 80 compared to TOPFIL80, and for this reason it was important to 
emphasize the uniformity of tensile behavior through the mechanical work done to 

elongation diagrams. 

Table 5. Tensile properties of sewing threads 
Sewing thread article 
Tensile properties 

SERAFIL 80 TOPFIL 80 

eaking Force (FH, cN) 2310 2326 
1.37 0.67 

Elongation at break (EH, % ) 16.06 15.49 
6.24 1.83 

H, cN/tex) 65.08 66.65 
1.37 0.67 

Work done to break (WH, cN∙cm) 109.4 96.44 
10.14 3.35 

 
cal representation of the tensile properties of selected sewing threads

 
 

 

b. TOPFIL 80 
elongation diagrams of the selected sewing threads 
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possibility of changing the sewing threads’ 
mechanical behavior during the sewing process, influencing their sewability by 

This issue seems to be more sensitive for to 
reason it was important to 

emphasize the uniformity of tensile behavior through the mechanical work done to 

cal representation of the tensile properties of selected sewing threads 
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Figure 6 shows the force-elongation diagrams from the test reports achieved after 
the tensile testing of the two sewing threads. The work done to break is higher for 
SERAFIL 80 sewing threads, revealing that the lower tenacity could be compensated 
with a better elongation. However, this behavior is much more uneven compared to 
the behavior of TOPFIL 80. 

 
II.2.2.2.2. Friction properties of sewing threads for upholstery 

 
The yarn friction during sewing is a critical factor for the sewing threads' sewability 
and also for the seam quality.  

The Graf Friction Tester measures the sewing thread friction that is considered an 
indicator of the gliding performance and a trouble-free stitching. As a quality 
indicator, the gliding performance is linked with surface properties assured by 
means of raw material, thread’s construction and applied lubrication, and can be 
measured by two friction components: FAV (average tension, in CN) and WAV 
(dimensionless number for the roughness of the friction diagram). The lower values 
of these parameters reflect less stress on friction. 

Table 6 presents the average values of linear density and friction features for the 
two types of sewing threads. It should be noted that the values obtained for the 
linear density, the percentage of applied lubricating agent and the friction properties 
meet the allowable limits indicated by the producer's specifications (see Table 4). 
The obtained results show that the average friction pressure of the TOPFIL 80 article 
is the larger of the two sewing threads, although it has a higher percentage of 
lubricating agent, but it behaves more evenly during friction tests. 

Table 6. Friction properties of sewing threads 
Sewing thread article 
Friction properties 

SERAFIL 80 TOPFIL 80 

Linear density (tex) 35.5 34.9 

Applied lubricating agent (%) 3.27 3.89 

FAV (cN) 99.1 107.3 

WAV 16.72 14.29 

 
Summarizing, the selected sewing threads were tested individually in the laboratory, 
following the specific standards regarding the main durability features required by 
the designed end use, meaning the tensile features and friction features. Considering 
the intended application field, the comparison concerning the behavior of selected 
sewing threads revealed a good suitability of these articles for upholstery seams. 
The results proved that in terms of tensile properties and friction features, the two 
types of sewing threads meet the manufacturer's specifications, but the TOPFIL 80 
article has a better uniformity of all determined characteristics. Considering the 
overall results of the comparison concerning the durability behavior of selected 
sewing threads, we can conclude that both articles are suitable for upholstery seams 
and, consequently, the TOPFIL 80 sewing thread can also be recommended for usage 
in the upholstery field. 
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II.2.3. CONFORMITY ASSESSMENT OF HOMETECH TEXTILES 

 

The technical textiles called “Hometech” are a generation of innovative products 
provided by combining the latest developments in advanced textile materials with 
advanced process technologies which have a direct and valuable impact upon the 
consumer textile markets, including upholstery [1].  

Acknowledged as one of the largest technical textile markets, Hometech comprises 
household textiles, furnishings and upholstered furniture for home interior and for 
outdoor, including: upholstery, mattresses, pillows, bed linen, curtains, table linen, 
bathroom textiles, wadding applications in bedding, cushions and sleeping bags  [2, 
3, 4]. 

Woven upholstery fabrics are interior textiles and can be classified in two broad 
categories: domestic and contract use. The areas of which the contract upholstery 
market is composed includes the following categories: automotive (aircraft, cars, 
buses, trains etc.), commercial (offices, hotels, restaurants, cinemas, theatres etc.), 
educational (classrooms, sports and leisure complexes etc.), institutional (hospitals, 
nursing homes, clubs, etc.).  

Next to the mandatory properties, an important requirement should be retained: for 
the contract upholstery fabrics, the functional and aesthetic properties have to be 
ensured for at least 5 years [3, 6].  

Regardless of their end use intention, the upholstery fabrics have to be designed 
with certain compulsory properties: durability, formability and flammability.  

 

II.2.3.1. DURABILITY OF UPHOLSTERY FABRICS 

 

This study aimed to evaluate some of the most important properties for three 
articles of woven upholstery fabric, to attest their quality conformity according to 
the compulsory requirements, considering the following features: tensile strength, 
abrasion resistance, shear resistance and flammability performance [7, 8]. 

The three articles are made of polyester yarns with different fineness, structure and 
color, see Figure 1 (the 1st article is monochrome unlike the 2nd and 3rd articles 
which have color and weave design) and have the main structural characteristics 
presented in the Table 1, [8].  

As shown in Table 1, the first two articles are simple woven fabrics, with one weft 
and one warp system, and are created using a plain weave structure. Both articles 
present a thermal bonded nonwoven fabric on their reverse side which is meant to 
strengthen the mechanical properties of the fabrics designed for upholstery use. The 
third article has a different structure, being a compound woven fabric with double-
warp structure which contains three systems of yarns: two warps and one weft.  
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a.1st Article b. 2nd Article c. 3rd Article 

Figure 1. The appearance of the three woven upholstery fabrics 

 
Table 1. Overall description of the three woven upholstery articles 

Articles’ 
features 

1st Article 2nd Article 3rd Article 
Warp Weft Warp Weft Warp Weft 

Yarns’ 
structure 

Intermingled 
yarns 

Intermingled 
yarns 

Multifilament 
yarns 

Chenille  
and 
Intermingled 
yarns (ratio of 
1:1) 

Multifilament 
yarns 

Chenille 
and Slub 
yarns 
(ratio of 
1:1) 

Yarn linear 
density, 
tex 

167 250 50x2 
400 -Chenille 
250- 
Intermingled 

16.7-Face   
16.7-Reverse   

170-
Chenille 
100-Slub 

Thread 
count , 
yarns/10cm 

72 56 96 64 
200-Face   
400-Reverse  

160 

Weave 
structure 

Plain weave Plain weave 
Double-warp  weave (3/1 
twill weave on face, warp 
systems ratio of 1:1) 

Mass per 
square 
meter, 
g/m2 

300 296 336 

Thickness,  
mm 

1.05 0.87 0.94 

 
 

II.2.3.1.1. Fabric strength of upholstery fabrics 
 

This common mechanical property was evaluated to assess the behavior of the three 
upholstery woven fabrics during an axial stretching load and the results will depend 
on the fabrics structure particularities. The method for evaluating the tensile 
strength was the strip test, approached according to standards to provide 
information on tensile strength and elongation [9, 10]. Tensile strength at break is 
not necessarily the best indicator of fitness for technical applications because it is 
unlikely for the woven fabric to reach its breaking point under normal usage 
conditions.  

However, more important is that the strip test can provide information on the work 
to break, which emphasizes the energy absorbed by the material up to the point of 
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rupture and this is the best indicator of fabric durability 
such that each fabric sample contained unique warp and, respectively, weft yarns, so 
that it can be representative of the whole material and the tensile evaluation was 
accomplished on a CRE tensile testing machine H5KT from SDL Atlas 

Obviously, before the trials, the samples were conditioned for 24 hours under 
standard atmosphere for textile testing. 

Figures 2 and 3 present the average force
tests of the three variants of upholstery fabrics, on the warp and weft testing 
direction, respectively. According to the diagram configuration, the three articles of 
the upholstery have similar force
different of the ones provided by testing on the weft direction.

Figure 2. Woven upholstery articles: force
extension curves for tests on warp direction

 
Table 2 summarizes the mean values for the maximum force (F
corresponding elongation for the 3 variants of tested woven fabrics as well as other 
data computed from these results.

Table 2. Average tensile strength test results of the upholstery fabric

Upholstery  
article 

Testing 
direction 

Maximum 
load,  
 N 

1st 
warp 970 
weft 1363

2nd 
warp 929 
weft 493 

3rd 
warp 1089
weft 693 
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rupture and this is the best indicator of fabric durability [7]. The sampling was made 
such that each fabric sample contained unique warp and, respectively, weft yarns, so 

ive of the whole material and the tensile evaluation was 
accomplished on a CRE tensile testing machine H5KT from SDL Atlas [8].

Obviously, before the trials, the samples were conditioned for 24 hours under 
standard atmosphere for textile testing.  

2 and 3 present the average force-extension curves for the tensile strength 
tests of the three variants of upholstery fabrics, on the warp and weft testing 

According to the diagram configuration, the three articles of 
y have similar force-extension curves in the warp direction but 

different of the ones provided by testing on the weft direction. 

Figure 2. Woven upholstery articles: force-
extension curves for tests on warp direction 

Figure 3. Woven upholstery article
extension curves for tests on weft direction

Table 2 summarizes the mean values for the maximum force (F
corresponding elongation for the 3 variants of tested woven fabrics as well as other 
data computed from these results. 

age tensile strength test results of the upholstery fabrics assortiment

Maximum 
 

CVFmax 
, % 

Elongation 
 % 

CVElong.  
% 

Work factor to 
break (from the 

tensile test 
diagram) 

 7.78 33.10 2.13 0.5 
1363 0.389 37.02 2.8 0.5 

 3.88 31.68 4.1 0.46 
 0.86 32.35 2.34 0.6 

1089 0.48 30.06 2.21 0.48 
 3.75 27.73 1.68 0.7 
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. The sampling was made 
such that each fabric sample contained unique warp and, respectively, weft yarns, so 

ive of the whole material and the tensile evaluation was 
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Obviously, before the trials, the samples were conditioned for 24 hours under 

extension curves for the tensile strength 
tests of the three variants of upholstery fabrics, on the warp and weft testing 
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Figure 3. Woven upholstery articles: force-
extension curves for tests on weft direction 

Table 2 summarizes the mean values for the maximum force (Fmax) and 
corresponding elongation for the 3 variants of tested woven fabrics as well as other 

s assortiment 

Work factor to 
break (from the 

tensile test 
 

Work at 
break,  
N ·cm 

3210.7 
5043.1 
2705 
1913 
3136 
2687 
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Figures 4 and 5 show the mean values f
elongation in the warp and weft directions of testing.

Figure 4. Maximum force- values for the three 
woven upholstery articles

In Figure 4 a significant difference in the maximum force can be observed between 
the variants in the warp direction. The largest maximum force was recorded for the 
3rd article, the one with a density of 600 yarns/10 cm. The other two articles have a 
lower yarn density (72 yarns/10cm, and 94 yarns/10cm respectively) and similar 
levels of maximum force were achieved. In the direction of the weft, the three 
articles have dissimilar behavior, both regarding the force
maximum force. The significantly lower resistance of the second type of woven 
upholstery fabric can be explained by the presence of chenille yarns in the weft 
which have a lower specific resistance when compared to normal yarns.

In Figure 5, both on the warp and the weft directi
was recorded for the third article, the one with the compound weave structure. The 
first two showed comparable maximum elongation, both significantly higher than 
the third type. This can be explained by the different deg
warp yarns in the different variants of weaves. The yarns from the plain weave 
structure cause a greater amount of elongation than yarns from the other two 
woven structures. 

However, considering the computed values for the work at 
best indicator of fabric durability, a hierarchy between the three upholstery fabrics 
can be: the best durability belongs to the 1
Article. 

 

II.2.3.1.2. Fabric abrasion resistance
 

Abrasion is defined as the wearing a way of any part of the fabric by rubbing against 
another surface. Upholstery fabrics are subjected to abrasion during their use, and 
this may result in deterioration, damage, and/or a loss of performance, not to 
mention affecting the aesthetic properties. Again, the abrasion resistance is not the 
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Figures 4 and 5 show the mean values for the maximum force and corresponding 
elongation in the warp and weft directions of testing. 

values for the three 
woven upholstery articles 

Figure 5. Elongation at maximum force for the 
three woven upholstery articles
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only factor contributing to wear performance or durability, it is just another 
important one of several features [5, 7, 10]. 

However, the abrasion resistance is influenced by numerous factors such as the type 
and the properties of fibers, the yarn structure, the fabric construction, the type, and 
amount of finishing treatment etc., [11]. 

In this study, abrasion evaluations of the upholstery woven fabrics were performed 
on Martindale Abrasion and Pilling Tester M235 - SDL ATLAS [13]. The testing 
procedure was in accordance with standard methodologies, by using as abrasive 
surface a standard material-worsted wool fabric (Figure 6), the  samples being 
subjected to a load of 12 kPa as indicated for the upholstery fabrics [12, 13]. 

 

 
 

Figure 6. Sample holder and the abrasive 
worsted wool fabric 

Figure 7. The fabric samples prepared for abrasion test 

 
The fabric behavior at abrasion can be assessed using various parameters, such as: 
the number of abrasion cycles that lead to the total degradation of the specimen, the 
number of abrasion cycles that cause a certain degree of wear, the mass loss, the 
changes of parameters characterizing the physical-mechanical or structural 
properties of fabric (thickness, air permeability, breaking strength, elongation at 
break, etc.). In this study the assessment was approached by determination of the 
mass loss. 

The number of abrasion cycles was chosen according to the estimated number of 
rubs that would lead to the specimen’s destruction.  

For upholstery woven fabrics, the selected test series include the following test 
intervals: 5 000, 7 500, 10 000, 15 000, 25 000 and 40 000 abrasion cycles [13].  

The abrasion resistance was assessed by the loss of mass and the reduction in 
thickness of the samples after a certain number of abrasion cycles. In order to 
determine the loss of mass, the specimens were carefully removed from the support, 
the abraded material (fiber debris) from both sides was removed and the specimens 
were weighed by means of an electronic balance ABT 120 4M - KERN&SOHN GmbH. 
The mass of each sample was measured, with a precision of 1 mg, at the beginning of 
the test, and after the achievement of each number of abrasion cycles in the chosen 
test series. To evaluate the abrasion effect on the fabric thickness, the reduction of 
thickness was emphasized after performing each number of abrasion cycles, by 
means of Fabric Thickness tester MESDAN. 
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Table 3 presents the values of mass and thickn
mass loss and thickness reduction following the abrasion wear, for each of the 
testing stage. 

Table 3. The mass and thickness values of specimens before testing

Nr. of 
abrasio
n cc. 

1st Article 2nd Article 3rd Article

Mas
s 
,mg 

Mas
s 
loss 
,mg 

Mas
s 
,mg 

Mas
s 
loss 
,mg 

Mas
s 
,mg 

0 
36
3 

- 
37
2 

- 
38
7 

5,000 
36
3 

0 
37
2 

0 
37
1 

7,500 
36
3 

0 
37
2 

0 
37
0 

10,00
0 

36
3 

0 
36
2 

10 
36
3 

15,00
0 

36
0 

3 
36
0 

12 
36
0 

25,00
0 

35
6 

7 
36
2 

10 
34
1 

40,00
0 

35
0 

13 
34
4 

28 
33
0 

 
Figures 8 and 9 show the evolution of the mass and the thickness changes assessed 
for the three articles of upholstery woven fabric. 

From the above results, a similar trend was noticed, both for the mass loss and 
thickness reduction, for the three articles. 

Figure 8. Mass loss of the three articles after the 
abrasion tests  

 
For the 1st Article, mass loss occurred after 15 000 cycles of abrasion with a low 
value, only 3 mg. At the end of test, the total mass loss was 13 mg, which represents 
a percentage of 3.5% out of the initial mass of the specimen. A slig
specimen thickness (0.04 mm) occurred after 7 500 abrasion cycles; after 40 000 
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Table 3 presents the values of mass and thickness and the computed values for the 
mass loss and thickness reduction following the abrasion wear, for each of the 

Table 3. The mass and thickness values of specimens before testing and after each abrasion 

Article 1st Article 2nd Article 3

Mas
s 
loss 
,mg 

Thickne
ss ,mm 

Thickne
ss 
reductio
n  ,mm 

Thickness,
mm 

Thickne
ss 
reductio
n  ,mm 

Thickne
ss ,mm

- 0,99 - 0.94 - 0.91 

7 0,99 0 0.94 0 0.87 

8 0,95 0.04 0.93 0.01 0.86 

15 0,93 0.06 0.88 0.06 0.82 

18 0,92 0.07 0.83 0.11 0.82 

37 0,88 0.11 0.83 0.11 0.79 

48 0,88 0.11 0.81 0.13 0.75 

Figures 8 and 9 show the evolution of the mass and the thickness changes assessed 
for the three articles of upholstery woven fabric.  

m the above results, a similar trend was noticed, both for the mass loss and 
thickness reduction, for the three articles.  

Mass loss of the three articles after the Figure 9. Thickness reduction of the three 
articles after the abrasion tests

Article, mass loss occurred after 15 000 cycles of abrasion with a low 
value, only 3 mg. At the end of test, the total mass loss was 13 mg, which represents 
a percentage of 3.5% out of the initial mass of the specimen. A slight reduction in 
specimen thickness (0.04 mm) occurred after 7 500 abrasion cycles; after 40 000 
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mass loss and thickness reduction following the abrasion wear, for each of the 
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Figures 8 and 9 show the evolution of the mass and the thickness changes assessed 
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cycles the total thickness reduction was 0.11 mm, representing 11.1% percentage 
decrease. 

The 2nd Article behave similarly, apart from the change of mass which 
earlier and the final values of mass loss and thickness reduction at the end of test 
were higher than for the 1st

The 3rd Article showed the weakest performance on the abrasion test: both the mass 
loss and thickness reduction occurred at the very beginning of the test. After 5 000 
abrasion cycles, the specimen mass was already decreased by 7 mg and the 
thickness reduced by 0.04 mm. By the end of test, the 3
17.6% thickness. 

The above observations allow ranking the studied upholstery articles, in terms of 
abrasion resistance, as follows: 1

In addition to the evaluation of abrasion resistance by the loss of mass and the 
thickness reduction, the appearance retention of upholstery woven fabrics was also 
analyzed. 

Table 4. Images of the specimens’ surface before test and after abrasion trials

Number of  
abrasion cycles 

0 

7500 

15000 

25000 

40000 

Rodica HARPA, Dr. Habilitation Thesis

cycles the total thickness reduction was 0.11 mm, representing 11.1% percentage 

Article behave similarly, apart from the change of mass which 
earlier and the final values of mass loss and thickness reduction at the end of test 

st Article, i.e. 7.5% and 13.8% respectively.  

Article showed the weakest performance on the abrasion test: both the mass 
nd thickness reduction occurred at the very beginning of the test. After 5 000 

abrasion cycles, the specimen mass was already decreased by 7 mg and the 
thickness reduced by 0.04 mm. By the end of test, the 3rd Article lost 12.4% mass and 

he above observations allow ranking the studied upholstery articles, in terms of 
abrasion resistance, as follows: 1st Article, 2nd Article and the 3rd Article. 

In addition to the evaluation of abrasion resistance by the loss of mass and the 
tion, the appearance retention of upholstery woven fabrics was also 

Images of the specimens’ surface before test and after abrasion trials
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After the completion of each stage of abrasion and the number of abrasion cycles, 
the appearance of the specimens was used to assess the evolution of the abrasion 
process. 

Table 4 shows the images of the fabric specimens before the abrasion test and after 
7 500, 15 000, 25 000 and 40 000 abrasion cycles.  

The analysis of these images highlighted the following aspects: 

• After 7 500 abrasion cycles, the 1st Article and the 3rd Article show only slight 
change in color due to the onset of the fiber dislocation process within the yarn 
systems, while the surface area of the 2nd Article remains unchanged.  

• After 15 000 abrasion cycles, the surface appearance of the 2nd Article still 
remains unchanged, while for the 1st Article and the 3rd Article the wear process 
becomes more visible. The 1st Article shows a color change, the fibers dislocated 
from the two yarn systems of different colors are mixed on the worn surface, 
changing the shade, with pilling formation on fabric surface. The 3rd Article is the 
most affected by abrasion wear and shows color fading, pilling formation and 
broken warp threads. 

• After 25 000 abrasion cycles, the wear is more pronounced for the 1st Article 
and the 3rd Article, while for the 2nd Article the first surface changes occur.  

• At the end of the abrasion test, after 40 000 abrasion cycles, the hierarchy of 
the three variants of upholstery fabrics is maintained: the 2nd Article shows minimal 
changes in color (slight discoloration) without the resulting hairiness or formation 
the pilling effect. The 1stArticle continues to change its color, with thinner warp 
threads and pilling effect. The 3rd Article exhibits the greatest degradation regarding 
both, the surface appearance as well as the structure: pronounced discoloration, the 
disappearance of floating threads from upper warp system, broken warp threads, 
pilling effect. 

Considering the above presented observations regarding the visual appearance 
preservation after abrasion, the three studied articles can be ranked as follows: 2nd 
Article, 1st Article and 3rd Article. 

 
 

II.2.3.2. FORMABILITY OF UPHOLSTERY FABRICS 

 

Shear deformation is quite common during wear as the fabric needs to be stretched 
or sheared to various degrees as the body moves. Consequently, during the 
processing of furnishing and upholstery furniture, the cover materials have to be 
suitable for all kind of upholsteries and coverings, even for difficult coverings and 
round seating areas, to follow the shape of double-curvature surfaces without 
creasing, so to provide formability [3, 6, 7].  

The ability of a fabric to deform by shearing enables fabric to undergo more complex 
deformations than two-dimensional bending. Therefore, shearing enables a fabric to 
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conform to complex shapes for furnishing applications. The shear deformation 
depends upon the frictional and elastic forces within a fabric, so the values of shear 
properties are influenced by the fabric’s structure and finishing process. [7]. 

The shearing deformation mechanism depends on the important properties 
influencing the aesthetic properties of fabric but, also, on the tensile loading in 
various directions. However, the shear rigidity of woven fabrics is influenced by the 
raw materials, the yarn density, the warp/weft density ratio, yarn fineness and the 
weave structure used [7].  

The shear behavior of a woven fabric can be characterized by two shear parameters: 
shear rigidity and shear hysteresis. The shear rigidity determines fabric stiffness or 
softness, which is an especially important feature of the upholstery fabrics. The in-
plane shearing behavior of textile upholstery is an important aspect of fabric 
formability. When the fabric is subjected to a shearing force, the warp and weft 
yarns shift from their initial position relative to each other, which is perpendicular. 
The degree of in-plane shear of the woven fabric is indicated by the shear angle 
value registered when the warp and weft yarns become locked and wrinkles may 
occur. To this respect, the higher the shear angle obtained without locking the yarns, 
the higher the formability of the woven fabric [14-19].  

The shear behavior of a woven fabric was established to have the ability of being 
accurately determined from the tensile properties of the woven fabric tested at a 45° 
rotation, such that the absolute value of the angle between either the weft or warp 
and the direction of the force applied during testing is 45° [14].  

Bias extension tests are simple to perform on a tensile testing machine and provide 
repeatable results [17]. The guideline analysis of the test is based on two 
assumptions: inextensibility of the fibers and rotations at the yarn crossovers 
without slippage [20]. 

Agreeing with the literature, the bias extension to a fabric was considered 
equivalent to shear, and this allowed, in this study, to evaluate it on a CRE machine, 
by means of uniaxial tension applied to a bias-cut specimen [8].  

The bias extension test was performed on a H5KT – SDL Atlas tensile testing 
machine, under suitable conditions for bias extension, including the samples 
planning. 

For each article of woven upholstery fabric, bias-cut samples were prepared, with 
initial length of the sample in the testing direction twice its width (L = 2 ·W) – see 
Figure 10. The “pure shear deformation” can be achieved since there are warp and 
weft yarns which can freely rotate during testing and this allows achieving the “pure 

shear angle” φ, within the central area of the ABDE square.  

For each of the three articles, there were achieved data for the bias extension which 
allowed obtaining in-plan shear properties of fabric up to a shear angle of ~550 [19].  

The pure shear angle was calculated from the grip displacement (see Figure 11), [8]. 
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a. Bias extension sample b. Bias extension set-up 

Figure 10. Bias extension test on CRE tensile testing machine, 1st Article 

 
 

 

Figure 11.Deformation of a bias -cut  sample to compute the pure shear angle 
 

For each of the three articles force-displacement curves for the bias extension trials 
were provided – see Figure 12. 

In Figure 12, it can be observed that the necessary force for a displacement of 10 
mm is similar for the three articles. The minimum force needed for creating a 17.5 
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mm displacement (corresponding to a shear angle of 55
article at 9.75 N, for the second art
for the third article at 16.7 N (72% bigger than the first one and 16% greater than 
the second one, before reaching the same displacement). 

The configuration of the force versus the shear angle for the th
variants is presented in Figure 13. Due to the dependency between material shear 
angle and displacement (equation 3) the hierarchy of the three fabrics for a 
angle is also similar, as can be seen.

This fabrics hierarchy was support
testing runs which aimed to determine the time when the first folds formed, the 
transversal shrinkage of the sample during the tensile test as a function of time and 
displacement: 

o for the 1st Article, first fo
73.70 shear angle). 

o for the 2nd Article, first folds showed at +9 sec (at a displacement of 15 mm and 
43.6 0 shear angle). 

o for the 3rd Article, first folds appear at +5 sec (at a displacement of 8.35 mm
21.20 shear angle). 

The reason for the good formability of the first two variants comparative to the third 
could be the structure and the warp/weft density ratio. 

 

Figure 12. Bias extension tests for three upholstery fabrics
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mm displacement (corresponding to a shear angle of 550) was recorded for the first 
article at 9.75 N, for the second article at 14.4 N (47% bigger than the first one) and 
for the third article at 16.7 N (72% bigger than the first one and 16% greater than 
the second one, before reaching the same displacement).  

The configuration of the force versus the shear angle for the three woven upholstery 
variants is presented in Figure 13. Due to the dependency between material shear 
angle and displacement (equation 3) the hierarchy of the three fabrics for a 
angle is also similar, as can be seen. 

This fabrics hierarchy was supported by the analysis of the video capture of the 
testing runs which aimed to determine the time when the first folds formed, the 
transversal shrinkage of the sample during the tensile test as a function of time and 

Article, first folds showed at +12 sec (at a displacement of 20 mm and 

Article, first folds showed at +9 sec (at a displacement of 15 mm and 

Article, first folds appear at +5 sec (at a displacement of 8.35 mm

The reason for the good formability of the first two variants comparative to the third 
could be the structure and the warp/weft density ratio.  
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Figure 13. Force versus the shear angle for three upholstery fabrics

 
 

The first two fabrics have simple structures with a single warp and weft system, and 
a low-density ratio (72/56 for the 1
allows the rotation and repositioning of the yarns during bias extension testing. 

The third article has two superposed
the weft (600/160), and this can explain the quick start of yarns’ locking up during 
the bias extension testing. 

It can be concluded that the final hierarchy of formability properties of the three 
woven upholstery fabrics, and lower to higher shear rigidity, is as follows: 1
the 2nd Article and the 3rd Article.

Summarizing, the mechanical interaction of warp a
deformation is a relevant factor of the formability level. However, attention should 
be paid because the resistance of a woven fabric to shear deformation is usually 
smaller than the resistance to tensile deformation and, in a mix
will shear to the maximum extent possible. 

This is important because upholstery fabrics with low values of shear rigidity can 
distort easily, providing difficulties in the furnishing manufacturing (for laying up, 
marking, cutting, and sewing), [7]. 
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The first two fabrics have simple structures with a single warp and weft system, and 
density ratio (72/56 for the 1st Article and 96/64 for the 2nd article) which 

sitioning of the yarns during bias extension testing. 

The third article has two superposed warp systems, with a total density bigger than 
the weft (600/160), and this can explain the quick start of yarns’ locking up during 

an be concluded that the final hierarchy of formability properties of the three 
woven upholstery fabrics, and lower to higher shear rigidity, is as follows: 1

Article. 

Summarizing, the mechanical interaction of warp and weft yarns in shearing 
deformation is a relevant factor of the formability level. However, attention should 
be paid because the resistance of a woven fabric to shear deformation is usually 
smaller than the resistance to tensile deformation and, in a mixed stress, the fabric 
will shear to the maximum extent possible.  

This is important because upholstery fabrics with low values of shear rigidity can 
distort easily, providing difficulties in the furnishing manufacturing (for laying up, 

d sewing), [7].  
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II.2.3.3. FLAMMABILITY OF UPHOLSTERY FABRICS 
 

The woven upholstery fabrics belong to the interior textiles class and can be 
classified in two broad categories: for domestic and contract use. The areas of which 
the contract upholstery market is composed include the following categories: 
automotive (aircraft, cars, buses, trains etc.), commercial (offices, hotels, 
restaurants, cinemas, theatres etc.), educational (classrooms, sports and leisure 
complexes etc.), institutional (hospitals, nursing homes, clubs etc.).   

To this respect, apart from the apparel clothing, the need for textiles requiring 
defined flammability behavior for improved safety covers a range of applications 
that includes furnishing and bedding (domestic and contract), transport, civil 
engineering, medical and defense. However, in certain cases, the flammability 
standards are mandatory and specific in legislation/regulations, whereas for some 
applications, the flammability testing is the option of the manufacturer and/or the 
user [3, 4, 5, 7].  

The measurement of fabric flammability is primarily based on the classification of 
the burning hazard of self-extinguishing (those which stop burning) and flammable 
fabrics (those which ignite when subjected to a small flame for up to 12 seconds and 
continue to burn after the source has been removed).  

The assessment of the flammable fabrics is concerned with the observation and the 
measurement of ease of ignition, the rate and extent of the flame spread, the 
duration of flaming, the measurement of heat release and heat of combustion and 
the quantitative description of burning debris, such as melt dripping [4, 7].  

Textile materials have extremely high fiber surface to mass ratio and, hence, tend to 
ignite easily and burn faster than other materials, being influenced by specific 
factors, as follows: 

• chemical composition of fibers and interactions in a blend  

• fabric structure, area density and thickness 

• fabric orientation (horizontal, 45 0 or vertical) 

• point of ignition (e. top or bottom of sample, edge, or face). 

Flammability is a major criterion for selecting the upholstery fabric for contract use, 
because of the potential risk of ignition and spread of the fire. In this situation, it is 
desirable for the time interval between the moment of fabric contact with the flame 
and the moment of fabric ignition to be as large as possible to provide enough 
reaction time.  

In this study, an assessment of the flammability behavior of the three upholstery 
woven fabrics was provided, according to a European standard [21, 22]. The test 
method requires a flame applied to a vertically oriented textile fabric to determine 
the mean ignition time and the flame spread properties. The burner is either placed 
horizontally at the height of the specimen (surface ignition) or at an angle of 30° 
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below the specimen (bottom edge ignition). If ignition occurs, the ignition time is 
recorded, and the test material is judged by the ignition time and the flame spread 
properties. 

Table 5.  Flammability behavior of the tested upholst

 
The contact of flame with 

fabric surface 

1st 
Article

 

 

2nd 

Article
 

 

3rd 
Article

 

 
 

To this respect, in this study [12], the surface of the test specimen placed in upright 
position was brought into contact with the flame from a burner. The test specimens 
were oriented with the length on the vertical direction and the face toward to the 
ignition flame.  

As required by the standard, five tests were performed for each article. The tests 
were recorded using a video camera with slow motion function, so it was possible to 
precisely establish the moment when the ignition flame came into contact with the 
specimen surface and the moment when the specimen lights up, which allowed to 
determine the ignition time. 

The images shown in Table 5 provide the recording of the typical moments for 
characterizing the flammability behavior of the upholstery fabrics: the moment of 
contact with the flame, the moment when the specimen ignites and the manner of 
the specimen’s combustion at 2 seconds after ignition and flame removal. The 
average value of ignition time for each article is also displayed in this table.
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From the images was notice that the three articles behave differently at flame 
contact and also have a different burning mode.  

The 1st Article lights up after 4 seconds and burns extremely fast, with a strong 
flame, while the 2nd Article ignites after only 3 seconds, but burns slower. The 3rd 
Article shows the best behavior: the ignition time is 6 seconds, and the burning 
manner is different as the material begins to melt first and then burns with flame.  

Considering the above observations, from the point of view of flammability, the 
three studied articles can be ranked as follow: 3rd Article, the 1st Article and the 2nd 
Article. 

 

Overall assessment of the three-upholstery woven fabric 

 
In order to decide which of the three articles is the most suitable as upholstery 
fabric, a hierarchy of the three articles according to their value of use was provided 
[8, 12, 23].  

The textile fabric’s “value of use “is given by the degree to which it fulfils a number 
of functions that can be expressed by quality characteristics or exploitation 
properties. Each property has a certain level of importance in ensuring the products’ 
value of use according to its intended destination. Therefore, for an overall ranking 
of upholstery fabrics according to their value of use, a “global evaluation index” was 
computed taking into account the importance level of each fabric property, and the 
score attributed to each article after ranking, according to the considered property.  

The level of importance was set through importance coefficients which were 
determined as follows: the five important properties that upholstery fabrics must 
meet were listed and compared two by two and, following each comparison, a 
decision was granted by grades : 1-0, 0.5-0.5, or 0-1.  

Usually, the decision 1-0 or 0-1 is granted when one of the properties has a greater 
importance compared to the other one, while the decision 0.5 - 0.5 is granted when 
the two compared properties have the same importance. The total number of 
decisions depends on the number of properties considered and afterwards, the 
importance coefficient was calculated [23].  

Table 6. Calculation of the importance coefficients for the considered properties of upholstery 
fabrics 

Fabric properties 
Decisions Favorable 

decisions 
Importance 
Coefficient 1 2 3 4 5 6 7 8 9 10 

Tensile resistance (maximum force) 0 0 0.5 0       0.5 0.050 

Abrasion resistance (mass loss and 
thickness reduction) 

1    0.5 1 1    3.5 0.350 

Appearance retention  1   0.5   0.5 0  2 0.200 

Shear resistance (formability)   0.5   0  0.5  0 1 0.100 

Flammability (ignition time)    1   0  1 1 3 0.300 
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Table 6 summarizes the importance coefficients computed for the five considered 
properties of upholstery fabrics. These coefficients were further used to calculate 
the global evaluation index. 

Depending on the place in the partial hierarchies obtained for the analyzed 
properties, the three articles were awarded points as follows: 1st: 3 points, 2nd: 2 
points and 3rd: 1 point. 

Table 7 shows the number of points awarded to the three articles of upholstery 
fabrics. The fabric properties were listed in the table in descending order, according 
to the importance coefficients’ values and the global evaluation index was computed. 

 
Table 7. The global evaluation index of three articles of upholstery  

Fabric properties 
Importance 
Coefficient 

Number of points 

1st 

Article 
2nd 
Article 

3rd 
Article 

Abrasion resistance  0.35 3 2 1 

Flammability 0.3 2 1 3 

Appearance retention 0.2 2 3 1 

Shear resistance 0.1 3 2 1 

Tensile resistance 0.05 3 1 2 

Global evaluation index 2.5 1.85 1.65 

 
Based on the values of the global evaluation index, the overall ranking of the three 
upholstery woven fabrics is as follows:  1st Article, 2nd Article and 3rd Article. 

Summarizing, the overall quality ranking of the three upholstery fabrics, achieved 
based on the global evaluation index, is similar with the one resulted for the abra-
sion resistance and shear resistance and differs very little from the one regarding 
the appearance retention after abrasion. These properties are especially key 
features for the upholstery woven fabrics and the obtained results indicate a good 
correlation between the partial hierarchies and the overall ranking of fabrics. 
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II.3. CONTRIBUTIONS TO THE ASSESSMENT OF THE 

SENSORY COMFORT OF TEXTILES, INCLUDING THE 

FUNCTIONAL ONES 
 

Various aspects of clothing comfort have been studied for many years due to the fact 
that comfort is a multidimensional and complex phenomenon. Human perception of 
clothing comfort is an interaction between physical and psychological factors with 
the surrounding environment when wearing a garment.  

The term “comfort” is a more general term that implies several aspects of human-
related clothing performance, including fabric handle.  

The “handle” reflects a mechanical interaction between human skin and fabric, in 
which both, the fabric surface and the material, are being spontaneously assessed by 
exerting external body movement, as “a reaction to mechanical actions”.  

The “comfort”, on the other hand, is a more complex phenomenon because it 
involves physical interactions between the human body, the fabric, and the external 
environment. Altogether, this multifaceted feature is related to the subjective 
perception of various sensations involving a psychological process in which all 
relevant sensory perceptions are formulated, evaluated, combined, and estimated 
against the need to form an overall assessment of tangible cloth comfort status [1]. 

 
 
II.3.1. RATIONALE OF FABRICS SENSORY ANALYSIS  
 

Considered a specific niche, women's clothing is strongly influenced by trends in 
colors, pattern and fashion, but also by the feelings about an adequate durability, a 
satisfactory degree of comfort in wearing and, finally, yet importantly, a great 
aesthetic appearance, no matter what the end use is [1, 2, 3, 4, 5]. When the garment 
quality for women is defined from the weaving companies’ perspective, there is a 
focus on the overall features that can be measured in a laboratory [6, 7].  

A perspective acknowledged as the market feedback for textile value chain, was 
identified as awareness on the women’s perspective on quality, as the consumer’s 
viewpoint [1-7]. Therefore, predicting the overall suitability for the designed end 
use and the products’ success on the market can be a hard topic for fabrics and 
clothing manufacturers, and for retailers, thus, the improving of the fabric design 
strategy should be the main mandatory task in textile companies [4, 7-9].  

Earlier papers investigated the relationship between the lifestyle and the 
assessment criteria for clothing purchase [2, 5, 8]. The need for manufacturers and 
retailers to be aware of consumers’ perceptions when predicting the garment’s 
overall quality and on the garment end-use was highlighted and this approach 
should be mandatory at an early stage of the development of the textile value chain. 
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A permanent concern of the weaving companies is that even though the compliance 
with customers’ quality specifications is beneficial, this does not guarantee achieving 
the consumer’s idea of the overall quality. One reason is the “feeling” the consumer 
has when buying an item of clothing, starting with the unambiguous expectations 
about the product. It is worth mentioning that the consumer’s impression of a 
woven fabric and/or clothing item is strongly influenced by the aesthetic properties 
perceived visually [1-3, 7-9]. The situation becomes more complex when it comes to 
a successful product for e-commerce and online shopping [2, 5, 10-11].  

A positive effect of the globalized market is the “consumer market without 
frontiers,” hence, in the clothing manufacturing sector, several changes came out [4, 
9]. One of these is e-commerce, the most usual form of distance shopping, which 
added another dimension to the textile value chain. At the beginning, the e-
commerce strategy aim was to bypass retailers and reach the consumers directly, 
but this trend affected the clothing sector, where online sales increased more in the 
last decade. All over the world, online sellers seek to offer items of clothing in larger 
assortments and, generally, at better prices than traditional retailers (and not only 
during the sales season) so, the consumers are more likely to buy apparels items 
online from sellers/brands, regardless of the country the products are made in.  

The main stakeholders engaged in the e-commerce and online clothing sales were e-
retailers, textile specialists and non-specialists with a web store. In this context, a lot 
of clothing companies choose to launch their websites just like the other online 
fashion chains, targeting as many consumer niches or even just a dedicated niche 
[10, 11]. In 2017, 64 % of internet users (aged 16 to 74) in the EU-28, with a share of 
50.1% female users, reported the use of e-commerce and preference for online 
purchases of clothes and sports goods. Due to ongoing differences in comparison to 
the offline retail, the global e-fashion shopping is expected to get an average annual 
growth rate of 14.2% by 2019, [12].  

In this context, the virtual prototyping appeared as an important achievement 
within the manufacturing chain of garments or other textile products, to create 
models adapted to customers' needs. In addition, the assistance of 3D CAD systems 
for the virtual prototyping of garments by means of simulation helps eliminate 
expensive physical prototypes, being provided as an effective design tool for the 
apparel industry [13-15].  

Therefore, this raises a new challenge for the weaving companies, given that there is 
a big difference between providing static images of fabrics to customers and 
providing them with a simulation of the material embedded in the selected item of 
clothing [12, 16]. 
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II.3.1.1. FABRICS DESIGN AND LABORATORY EVALUATION 
 
Two wool-type fabrics were chosen for this study for their suitability in the end use, 
which is creating dresses for the cold season, autumn to winter, [17]. Table 1 
summarizes the basics of the selected fabrics, with codifications F1 and F2. In this 
part, it is important to keep in mind that the two wool-type fabrics chosen for the 
cold season dresses have identical raw material (Wool 45%/ PES 55%) but are quite 
different in terms of pattern, yarn count size and yarn density, so, it was expected to 
bear out distinctive features for the dresses during wearing . 

The two wool-type fabrics were tested in accordance with the standards [6, 7] in a 
conditioned atmosphere, for the properties linked to the actual wearing of dresses: 
physiological characteristics (weight/mass per unit area, thickness, apparent 
density and water vapour permeability), aesthetic features (crease recovery, 
stiffness, flexibility, and dimensional stability after washing-ironing) and durability 
(abrasion resistance, slippage resistance of yarns at a seam in woven fabrics). 

For the selected fabrics as coating materials in the cold season dresses, a consistent 
sampling was conducted and, when necessary (for durability and aesthetics 
features), the sampling on the warp and the weft directions were considered.  

Table 1. Wool-type fabrics designed for cold season dresses 
Fabrics  F1 F2 
Pattern and Sample sight 

    
Weave type “unique” twill 2/2, with “crêpe” effects  

Datasheet specifications 
Fibre content Wool 45%/ PES 55% Wool 45%/ PES 55% 
Width (without selvedge), cm 150±2.5 150±2.5 
Weight, g/m2 240±12 217±11 
Yarn linear density, tex (warp and 
weft)  

15x2 (warp); 42x2 (weft) 16x2 (warp and weft) 

 Warp Weft Warp Weft 
Yarn density /10cm 206±10 180±10 338±10 288±10 
Breaking force Fr(N) min. 40 min. 30 min. 70 min. 60 
Elongation, Er (%) min. 30 min. 25 min. 35 min. 35 
Dimensional changes, (%) max. 1.5 max. 1.2 max. 1.5 max. 1.2 
Recovery angle, α 30min (0) min. 145 min. 145 

 

Two of the performed tests for the assessment of fabrics’ durability, need punctual 
explanations about the methodology due to the specific aspects, as follows.  

Regarding the fabrics abrasion resistance, a controlled amount of abrasion with the 
same number of cycles for both fabrics (2000cc) was performed with the Martindale 
abrasion tester. The abrasion test assessed the fabric’s loss of mass and the change 
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in appearance, with inspection intervals at every 1000cc. In Table 4, the abrasion 
resistance was assessed by the loss of fabric’s mass.  

Regarding the slippage resistance of yarns at a seam in woven fabrics, the evaluation 
was performed with the Mesdan Tensolab 3: after the preparation of test specimens, 
the standardized testing conditions were assured for fabrics with mass ≤320g/m2, 
designed for apparel (applied load 60N) and measuring the seam opening after 
returning to 5N. 

Tables 2, 3 and 4 show the average values of the structural and physiological 
features, of the aesthetic features and of the durability features, for each wool-type 
fabric indented for manufacturing the cold season dresses. It should be noted that 
the values obtained for the mass per square meter, for the crease recovery angle, for 
the dimensional stability changes and for the tensile properties are proper and meet 
the allowable limits imposed by the specifications. 

Table 2. Fabrics structural and physiological properties 
Fabric  

Characteristics 
F1 F2 

Mass per square meter, M (g/m2) 242 207 
Thickness, gP (mm) 0.82 0.57 
Apparent density, da (g/cm3 ) 0.295 0.363 
Water vapor permeability, Pv(mg/24h)  880 860 

 
In Table 2, the fabric F1 is slightly heavier and thicker, has a lower apparent density 
than fabric F2 and, also, has higher water vapor permeability than F2. Therefore, 
fabric F1 is expected to give a better comfort when wearing the dress. 

Table 3 .Fabrics aesthetic properties 
Fabric 

Characteristics 
F1 F2 

Sampling direction Warp Weft Warp Weft 
Crease recovery  Recovery angle, α 0min (0); α 30min (0) 140;148 152;163 132;169 141;168 

Average coefficient λ (%) 80 87.5 83.6 85.8 
Stiffness R(mg cm) Axial 224.1 153.2 88.9 96.8 

Total 185.3 92.8 

Flexibility H(%) Axial 53.9 62 56.9 55 
Total 57.9 55.95 

Dimensional changes after washing - ironing, MD%  0.6 0.8 0.4 0.4 

 
As shown in Table 3 and in Figure 1, in terms of aesthetics features too, fabric F2 
performs a better crease recovery and has lower stiffness values than fabric F1, also 
providing a better dimensional stability after washing and ironing.  The F1 fabric has 
a greater stiffness value and almost similar values for flexibility compared to fabric 
F2. As a result, it is expected that fabric F2 will provide better aesthetic features 
when wearing the dress. In addition, Figure 1 shows that in terms of durability, 
fabric F2 performs better tensile properties than fabric F1, assuring a better 
resistance to abrasion (Table 4).  

The results from the abrasion tests highlighted that a change in the mass after 
1000cc /2000cc was only observed for fabric F1. Before reaching 2000cc, the 
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appearance of the fabrics changed slightly by the fibers out of the flat surface but 
without producing the pilling. In addition, the slippage resistance of yarns at the 
seam has smaller values for fabric F2, regardless of the testing direction (Figure 1). 
 

 
Figure 1. Selected wool fabrics: aesthetic and durability features depending on the 

threads’ sampling direction (warp and weft) 

 
Table 4 . Fabrics durability properties  

Fabric 
Characteristics 

F1 F2 

Sampling direction Warp Weft Warp Weft 
Breaking force Fr(N) 72.3 69.6 98 82.3 
Elongation, Er (%) 33 40 39 37 
Loss of fabric’s mass, MMF(%) 1000cc; 2000cc 0.8; 0.85 0; 0 
Sampling direction Warp Weft Warp Weft 
Seam opening, S0 (mm) 6 5 3 3 

 
For fabric F1, a bigger weft slippage that the warp slippage was obtained, so was the 
seam opening value. Therefore, fabric F2 is expected to assure a better durability 
when wearing the dress. 

Summarizing, on the wool-type fabrics features for the designed end-use, it can be 
expected that fabric F1 will give a better comfort, and fabric F2 will provide better 
durability and aesthetic features when wearing the cold season dresses. 

It remains to be seen whether dresses made from these fabrics will respond to a 
larger extent to women's needs as consumers and whether they will be successful 
for the textile supply chain. 

0.0 20.0 40.0 60.0 80.0 100.0 120.0
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II.3.1.2. DRESS MANUFACTURING AND CONSUMERS 

EXPECTATIONS 
 
 
The usual procedure for manufacturing fabrics for a ready-to-wear collection of 
clothing items includes, in principle, the following steps: market research on 
consumer niches and fashion trend analysis; product design with the 2D pattern 
sketches; acquisition of raw materials suitable for the final destination (fabric as 
coating/lining in the clothing item); sample production ("zero series"); evaluation 
and approval of the sample product; manufacturing of the assortment range of 
fabrics and, finally, the distribution/sale within the textile supply chain (for garment 
companies)/on the consumer market (for store retailing and e-commerce). 

This textile value chain could be perfected if the fabric design would include the 3D 
garment virtual simulation. Therefore, the characteristics of the materials selected 
for the final product can be translated into a virtual product alternative and a range 
of different items of clothing from the same fabric or a range of one item of clothing 
from different fabrics can be achieved. Obviously, in this manner, one can also bet on 
both, the fabric's success on the market and satisfying the expectations/needs of a 
consumer niche on a higher level.  

For this study, a 30-day free trial CLO/3D Fashion Design software [16] was 
downloaded and the 3D virtual simulation of a cold season dress was achieved, by 
including each of the two wool-type fabrics. Therefore, the using of the CLO3D 
software allowed stepping forward from the static image of fabric’s sample (Table 1) 
to the virtual simulation of fabric use (Figure 2) enabling the upgrade of the fabric’s 
design stage, before manufacturing the clothing item; it also should to be equally 
useful for e-commerce.  

 

                                          
2.a. The 3D dresses simulation with the fabric F1 
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2.b.The 3D dresses simulation with the fabric F2 

Figure 2. The 3D simulation of dresses for cold season, made of selected wool-type fabrics 

  

 
Figure 2 presents the images of cold season dresses (autumn to winter) made of the 
two wool-type fabrics. These helped to visualize the dress, by combining the sketch, 
the fabric (with the raw material, pattern, colors and the overall features expected 
for wearing) and, finally, the body. 

This approach allowed stepping forward from the experimental results achieved 
following laboratory evaluation of the fabrics features, to the dress simulation, to 
offer customers virtual perceptions on the fabrics’ suitability for certain outfits. 

 
II.3.1.3. A SURVEY OF WOMEN'S PREFERENCES WHEN BUYING 

ITEMS OF CLOTHING 
 
 
In order to have some information regarding the need to be aware with the 
purchasers’ needs, an online consumer survey aimed at collecting information on 
women’s behaviour when buying items of clothing was carried out between 
November 2016 and May 2017, 17, 18]. The survey covered a total of 231 
respondents spread over eleven EU Member States, namely: Belgium, Bulgaria, 
Czech Republic, Germany, Italy, Latvia, Lithuania, Northern Ireland, Poland, 
Romania, Serbia, Slovenia and Turkey.  

The survey was launched online (http://www.isondaje.ro/surveys), had eighteen 
questions and the results allowed finding some key trends that are also relevant for 
this paper. 

Regarding the survey, only the results that allowed naming some key trends that are 
relevant for the purpose of this work will be discussed, to better understand the 
behaviour and preferences of women as clothing shoppers. The sample of 
consumers consisted of women aged between 18 and 60 years (with an average age 
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of 36 years), 93.1 % of them having a background in the textile field,by education in 
textile and professional activity. Among them, 17.1% were students, 74.3% 
employees and 7% entrepreneurs. Given the basic training of respondents (88.8% 
with higher education, masters, and doctoral graduates and 11.2% high school 
graduates), it is considered significant for this paper to highlight certain opinions. 

The surveyed women's favorite clothing products were blouses 81.3%, trousers 
72.7%, shirts 49.7%, dresses 34.2% and skirts 29.9% 

The respondents were asked to indicate the key factor among the nine factors 
considered, when deciding to purchase a clothing item and a hierarchy was 
obtained, as shown in Figure 3. The general appearance (94.81%) and the quality of 
fabrics (91.34%) were clearly ranked first among the most important factor for 
which respondents would be willing to buy a clothing item, followed by price (84% 
of respondents) and by fashion (44.16% of respondents), which had an intermediate 
position. A lower share of respondents is willing to purchase a clothing item 
considering the other factors, like national brand/producer (28.57%), foreign 
brand/producer (19.05%), unknown producer (10.39%) and recommended by 
others/seller (8.23%). The lowest share of respondents (3.90%) is willing to buy a 
clothing item considering the advertising strategies.  

 

 
Figure 3: Respondents sharing on the most key factors of the decision to buy clothing 
 

As shown in Figures 4.a, 4.b and 4.c, the respondents never buy clothing items 
without analyzing the materials by reading the label (about 88.2%, Figure 4a) and 
through handling (about 91.4%, Figure 4.b), or if the materials generate them a 
feeling of discomfort after handling (about 95.7%, Figure 4.c). 

Regarding the answers on the importance of various perceptions generated by the 
fabrics' handling, the respondents had to rank the three bipolar attributes for the 
feeling of sensory comfort, when buying a certain clothing product.  
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4. a 4. b 

 

 

 

 
4. c 

 

Figure 4. Answers regarding several criteria of purchasing clothing. 

 
 

 

Figure 5. Answers regarding the ranking of feelings caused by the fabrics' handling. 

 
The wording of the questions in the survey was, in this case, as follows:  

“Please, do evaluate the importance of various perceptions caused by handling of the 
materials, perceptions that will create sensory feeling of comfort when buying a 
certain clothing product.  

Assessments about the following statements: I do not buy 

clothes without analyzing the materials (by reading the label) 

52.9%

19.3%

16.0%

11.8%

strongly agree agree partially agree disagree

Assessments about the following statements: I do not buy 

clothes without analyzing the materials (by handling them) 

55.1%

24.1%

12.3%
8.6%

strongly agree agree partially agree disagree

Assessments about the following statements: I do not 

buy clothes that give me uncomfortable sensation  (by 

handling them) 

64.2%

22.5%

9.1% 4.3%

strongly agree agree partially agree disagree

The importance of various perceptions caused by fabrics 

handling when buying a certain clothing product

35.4%

36.4%

28.3% sensation of flexible/stiff

sensation of thin/thick 

sensation of light/heavy
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Product: office attire; for the cold season; for women (skirt, dress or/and trousers)  

Scoring:  1- most important feature; 3- least important feature.  

Attention! Each attribute pair category will be given a different note” 

As shown in Figure 5, the feeling of sensory comfort of the 231 women when buying 
a certain item of clothing, for office to wear during the cold season, can be called a 
"niche reaction to the market" characterized by bipolar attributes in the following 
order: thin/thick (36.4%), flexible/stiff (35.4%) and light/heavy (28.3%). 

Given the basic training of respondents and the answers’ relevance (with a 6.4% 
survey error), the ranking made by the 231 participating in the survey as potential 
buyers of clothes can be considered almost conclusive: the clothing appearance and 
the fabrics’ quality could be the key factors for women willing to purchase a clothing 
item.  

As mentioned before, the use of e-commerce and the online clothes purchases have 
become increasingly popular for a large segment of shoppers and, in this context, a 
lot of apparels companies choose to launch their websites just like the other online 
fashion chains. 

As shown above, an upgraded strategy including the survey’s results, should meet 
the needs and preferences expressed by customers, including by approaching 
previous sensory analysis of fabrics to be used in the garment items, before 
manufacturing. This means finding the most effective solutions that can give clients 
the information about the fabric’s overall appearance and quality for a clothing item 
and the matter here is different from providing values of the characteristics 
considered relevant and tested in the laboratory.  

Summarizing, this study aimed to investigate the possibilities of upgrading the fabric 
design strategy by including the 3D clothing simulation, in pursuing the reaching of 
the consumer’s point of view on the wool-type fabrics suitability for manufacturing 
cold season dresses as a successful product on the market, also including e-
commerce.  

This approach endorsed the advancement from the laboratory testing of the fabrics’ 
quality profile to the clients' virtual feelings about the fabrics’ suitability for the end 
use, enabling them to obtain an overall appearance of two cold season dresses made 
from the designed fabrics.  
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II.3.1.4. SELECTING WOOL-TYPE FABRICS FOR SENSORIAL 

COMFORT USING THE MULTI-CRITERIA DECISION ANALYSIS 

 

 
The development of any supply chain for the textile apparel products primarily aims 
to fulfill the customer specified and unspecified requirements on every chain link 
level, but also to meet the needs and expectations of the final customer, represented 
by a consumer niche [9,19]. Women clothing constitutes challenges for everyone 
involved in systematically adding value: designers, manufacturers, suppliers, and 
retailers. One of these challenges is to create customer confidence in a potential 
sensory comfort, besides the need to achieve a good-looking silhouette, generated 
by using a distinct material for a certain destination [20]. Considering the women’s 
criteria for purchasing clothes (other than fashion-related demands), we expect that 
this specific niche will select their items like shirt/skirt/dress/trousers/coat 
designed for hot/cold season, as well as home clothing/casual/casual office/sports 
activities, to match their sensorial comfort demands, generated by visualization and 
handling [9, 17, 18, 20]. Therefore, for a specific market niche that is the ready-to-
wear women office clothing intended for the cold season, more exactly trousers 
made of wool-type fabrics, consumers’ perception of the sensorial comfort should be 
strongly related to the wearers’ preferences regarding the selected fabrics [17, 18]. 

In this study, [18] experiments were conducted to achieve the declared goal, namely 
the fabrics selection pursuing sensorial comfort of a specific women-clothing item 
according to the previously established criteria given not by experts, but by a large 
group of surveyed consumer as decision makers, by using the multi-criteria decision 
analysis. 

Table 5. Ready-to-wear office trousers collection for women. 

Trousers a 
 

      

Fabrics  F1 F2 F3 F4 F5 F6 F7 

 Pattern 

       

 Weaves plain plain plain twill 2/2 plain twill 2/2 twill 2/1 

 Raw 
material
  

PES64% 
/CV34% 
/EL 2% 

Wool 45% 
/PES 55%  

PES75% 
/CV23% 
/EL 2% 

Wool 
100% 

Wool 44% 
/PES 54% 
/ EL 2% 

Wool 45% 
/PES 55% 

Wool 44% 
/PES 54% 
/ EL 2% 

 a Sourse : https://www.shutterstock.com
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The entire work was conducted for seven wool-type woven fabrics with different 
fiber compositions, pattern, and properties, considered suitable for the quality 
profile expected in comfortable women office trousers for the cold season. The 
design of the clothing item and the main description of the selected fabrics to 
produce the “ready-to-wear trousers collection”, are presented in Table 5. 
 
Objective evaluation of fabrics for characteristics linked to the handle attributes 

The first step in achieving the paper’s goal was to perform the objective evaluation 
of seven wool-type woven fabrics with different fiber composition and pattern, 
suitable to the quality profile expected for comfortable women office trousers for 
the cold season.  

Usual tests were carried out in the textile laboratory, assessing the three 
characteristics linked to the handle attributes, as provided by the results of the 
accomplished survey, from both the theoretical and practical point of view: 
flexibility (%), thickness (mm) and mass per surface unit (g/m2).  

According to SR EN 139:2005, fabrics samples were conditioned at 65 ± 4%, relative 
humidity and 20 ± 2°C for 24 hours, before testing. 

The average values of the three properties linked to the sensorial comfort, for each 
fabric indented to manufacturing the trousers, are presented in Table 6.   

Table 6. Fabrics properties linked to the sensorial comfort. 

Fabrics
Properties  

F1 F2 F3 F4 F5 F6 F7 

Flexibility (%) 64 51 67 53 63 58 61 

Thickness (mm) 0.43 0.35 0.34 0.36 0.36 0.49 0.48 

Mass per surface unit (g/m2) 216 167 180 182 158 210 220 

 
We can observe that it is hard to make a distinction to get a hierarchy between 
variants of fabrics, having as reference all three features as an ensemble. 

Hence, using the decision-making tool named Electre [21, 22] by means of a 
previous accomplished software – STAT-ADM, designed to optimize textile 
processing, was considered as a suitable statistical technique for choosing the 
preferred wool-type fabric from a range of items, in order to get the sensorial 
comfort expected by  women for the office trousers during the cold season, by 
comparing the seven fabrics according to previously established criteria.  

Figure 6 shows the essential data by a screenshot, the active fields for data entry and 
follow-up, within the STAT-ADM main window, and the results after working. The 
subsequent stages, according to the STAT-ADM software algorithm, [23] are running 
through: 
• choosing the current experiment and nominating the criteria (A and B), also 
specifying the number of experimental variants; 
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• selecting the measured values of the B group criterion and specifying the number 
of the data for each combination (in our case, there are average values only, so the 
number is 1); 
• naming the criteria importance by filling the options Criterion and Ranking, 
hence completing the hierarchy of criteria for the multi-criteria analysis; 
• filling headings Index and Average values after completing the above 
conversational fields with the average values of the three properties that are linked 
to the sensorial comfort for each fabric intended for manufacturing the trousers, as 
shown in Table 5. 

Figure 6 also contains inactive fields that become active only in a certain order, with 
quick launch buttons operated by a mouse click: intermediate steps with the 
following calculations: Matrix of Consequences and Utility and, Matrix of Concordance 
and Discordance; for any of the two options, a submenu is activated and Calculated 
values, otherwise Exist or Edit, become active; the Results data field becomes active 
and is filled in automatically at the end of the application, to visualize the results of 
the experimental variants’ hierarchy, for selecting the optimal fabric article. 

According to the algorithm, each criterion has an assessment scale depending on the 
assigned technological relevance. The original approach in this paper was that the 
analysis criteria were actually the three groups of attributes for the sensorial 
comfort linked with three fabrics properties and, in addition, the criteria grading 
was carried out according to the above ranked options achieved from the survey: 
thickness (36.4%), flexibility (35.4%) and weight (28.3%).  Therefore, the criteria B 
listing grading according to the ranked option and importance coefficients 
calculation for STAT-ADM, were as follows:  

• Criterion 1: Thickness (mm), grade 10, importance coefficient 0.370;  
• Criterion 2: Flexibility (%), grade 9, importance coefficient 0.333;  
• Criterion 3: Mass per surface unit (g/m2), grade 8, importance coefficient 

0.297. 
The best fabric for pursuing the aim of this study corresponds to the maximal 
positive value of the difference sum column, after calculating the matrix of 
differences.  

In Figure 6, the hierarchy in the Results field shows the fabric F7 as being the most 
adequate for manufacturing comfortable women office trousers for the cold season. 
The following fabric within the hierarchy is F1. According to the multi-criteria 
decision analysis, the worst choice for producing the “ready-to-wear trousers 
collection” would be the F2 fabric. 

The original approach in this paper was that the analysis criteria were actually three 
groups of attributes for the sensorial comfort evaluation linked with three fabrics 
properties and, in addition, the criteria grading was carried out according to the 
above ranked options achieved from the survey. Tis was the presumption of an 
existing group of consumers with the ability to select a clothing product that could 
provide valuable assistance in reaching the best-desired final product characteristics 
according to their preferences. 
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Figure 6. Screenshot: STAT-ADM main window and results visualization. 

 
Summarizing, the outcome of this work was that the sensorial comfort of the 
selected fabrics is strongly related to the consumers’ perception. Therefore, some of 
the important groups of attributes for the sensorial comfort can be added as an 
assessment scale in the multi-criteria decision analysis, to be consistent with the 
reality. By using the STAT-ADM decision–making tool in this paper it was possible to 
select, simply and quickly, the proper fabric out of the ranked options, by comparing 
them according to the assessment scale with previously established criteria given 
not by experts, but by a large group of consumer as decision makers.  

The feedback on the textile value chain will consist in preferential buying of one or 
another item of clothing. Eventually, for contributing to the success of the textile 
value chain, the weaving companies should upgrade the design strategy before 
manufacturing fabrics, by including the benefits of the 3D garment simulation and 
even more, to be aware on the purchasers’ needs regarding the sensorial comfort,  if 
they want to keep in mind the consumers' preferences about the fabrics' suitability 
for the end use. 
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II.3.2. SENSORY EVALUATION OF FABRICS FOR COMFORTABLE 

CLOTHES 
 

The sensory comfort is one of the most challenging and multifaceted topics in textile 
materials’ quality. It currently became more important to designers and 
manufacturers, when developing fabric assortments and garment collections, mostly 
because it proved to be a main issue for understanding and measuring the 
preferences of consumers willing to buy any item of clothing. The sensorial 
properties of a fabric depend on the fiber types, the fabric construction (surface 
structure) and the fabric finishing treatments and can be assessed using either 
subjective or objective measurement techniques, either both- combined techniques 
[1, 2]. 

According to published scientific research,  the clothing sensorial comfort is defined 
as the tactile sensations felt by the wearer through the mechanical interactions 
between the body and the garment, and always depends on the personal experience 
of the consumer [ 3, 4, 5, 6, 7, 8]. Nevertheless, the comfort is a more complex 
phenomenon because it involves physical interactions between the human body, the 
fabric, and the external environment [1-4, 8]. 

Numerous researchers have stated that the term “comfort” is a more general term 
that implies various aspects of human-related clothing performance, including fabric 
handle, that reflects a mechanical interaction between human skin and fabric, in 
which the fabric surface is subjected to body movement, so the fabric hand counts 
on the mechanical actions [1, 2, 4, 6, 9, 10 ]. Also known as handle and being 
associated with fabrics’ comfort that influence consumer preferences according to 
the specific end-use, this is a generic term for the tactile sensations or impressions 
which arise when fabrics are touched, squeezed, rubbed or otherwise handled [11]. 

Studies conducted in clothing comfort topic established that the sensorial clothing 
comfort is a component of the former that can be assessed by means of fabric handle 
and it should be emphasized before manufacturing a garment. Hence, is a 
complicated topic that has been widely studied in the field of textiles, but it is 
mandatory to be approached by designers and manufacturers for a successful value 
textile chain [1, 5 -7, 12].  

The concept “fabric hand” has long been used in the textile and clothing industries as 
a description of fabric quality and performance because, during wear, clothing 
continuously comes into contact and interacts dynamically with the skin of the 
whole body, hence, there is a subjective complex sensory sensation reflecting the 
key parameters determining fabric tactile properties [1, 2, 4, 8, 9, 10]. 

Fabric hand has been defined as ‘subjective assessment of a textile obtained from 
the sense of touch and is concerned with the subjective judgment of a buyer which 
depends of time, place, fashion and personal preferences. Thus, replacing human 
assessors with physical testing would be worthless. However, what human fingers 
sense depends on the physical properties of fabrics, therefore objective 
measurements can provide a basis upon which to exercise judgment. Judgments of 
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fabric handle are used as the basis for evaluating quality and comfort and, thus, for 
determining “fabric value” within the textile clothing and related industries [1, 3, 8, 
10, 11].  The subjective hand can be assessed with objective means but only if they 
rely on subjective sensory analysis to generate objective hand characteristics. To 
this respect, Kawabata developed a system to measure appropriate handle-related 
fabric properties, including tensile, shearing, bending, compression, surface, weight 
and thickness, by measuring 16 objective mechanical and surface parameters, all at 
low levels of force, and correlating these parameters with the subjective assessment 
of handle using linear regression equations [1, 2, 6, 8, 10, 12, 14]. 

A significant amount of information about fabric end-use is linked to textiles handle, 
as a main factor influencing the purchase of clothing in the commercial environment. 
Therefore, the researchers are constantly looking for more accurate and 
experienced different approaches to assess fabric hand, objectively and subjectively 
[1, 2, 9, 10, 12]. To investigate the fabric tactile comfort, a lot of work has been done 
to correlate fabric handle with fabric mechanical properties by considering the 
fabric deformational behavior, under low stresses. By using correlation analysis, the 
predictability between the different physical factors and physiological sensory 
factors was assessed [1]. Studies that correlate mechanical properties (as a result of 
the objective measurements) and human perception (as a result of subjective 
assessment) have made progress over the years [13-16]. Correlating objective 
measurements with subjective evaluations requires the use of several descriptors 
for the fabric hand assessment. Moreover, the objective and subjective evaluations 
of fabrics allowed predicting fabric handle and achieving textile simulation [12-14]. 
Regarding the subjective assessment of a fabric through the sense of touch, this is a 
permanent concern in apparels manufacture and marketing, due to the specificities 
of the human perception of comfort [3, 9, 10, 16, 17]. 

The success of the clothing market depends on the use of fabrics with variable 
mechanical properties to create distinctive silhouettes of wearers. So, predicting the 
overall quality of fabrics for garment, including the comfort, can be a hard topic for 
manufacturers and the subjective evaluation should be approached. Moreover, this 
is a case study for the market, especially because, the sensory evaluation of fabric 
handle made by experts on textiles, has to be correlated with the untrained 
consumers’ perception [7, 17, 18, 19, 20]. 

 
 

II.3.2.1. TECHNIQUES FOR SENSORY ANALYSIS AS SUBJECTIVE 

EVALUATION OF FABRIC HAND 

 

 
The evaluation procedure AATCC [11] describes guidelines to evaluate the tactile 
properties of textiles by means of human perception. This allow to assess, in well-
known conditions, the relevant mechanical characteristics of fabrics hand by means 
of specific sensory attributes selected as fabric sensorial comfort descriptors.  
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In addition, approaching the topic of fabric hand sensory evaluation, the main 
standardized requirements on conducting the sensory analysis trials have to be 
supported [21-27]. These referential documents provide the established rules on 
setting the conditions under which fabrics should be evaluated, on the sensory 
attributes selectin  as constituent elements of fabric hand, comprising details about 
the subjective evaluation principle, the terminology, the fabrics’ sampling, the 
assessors selection and training, a reference list of optional mechanical and surface 
properties which are sensory attributes as fabric hand descriptors and, also, the 
limitations of the effective use of the descriptive analysis [28]. Several key factors 
are described below, as provided within standards and customized in our work. 

• Choosing the appropriate testing method: as to comply with the objectives of the 
present work [20, 28], the descriptive test was chosen to characterize 
quantitatively, and, by inclusion, qualitatively, a number of six specific sensory 
attributes (bipolar attributes) as fabric hand descriptors [21, 24]. 

• Choosing sensory assessors for the panel configuration: for a quantitative 
descriptive sensory analysis, a panel of selected or of expert assessors is needed. 
In standards, it is stated that the sensory assessment may involve three types of 
assessors: sensory assessors, selected assessors, and expert sensory assessors 
[21, 25]. The sensory assessors are recruited to be part of a panel for a sensory 
test and they can be “naïve” assessors, without a precise criterion of selection 
and/or training. After training and taking part in sensory trials they become 
“initiated” assessors. Next, the “selected” assessors are chosen from the panel of 
initiated sensory assessors, according to their ability to perform a sensory test 
after considerable training. The “selected assessors” are assessors who have 
been selected and trained for a specific sensory test. The “expert sensory 
assessors” are selected assessors who have been selected and trained for a 
variety of sensory analysis methods and who are able to make consistent and 
repeatable sensory assessments of products in one or several categories. 

• Training procedure for the sense of fabrics tactile properties: the group of 
assessors as panellists must be trained and coached by facilitators, to quantify 
and qualify their feelings when handling the fabrics samples. The training 
enabled assessors to describe a product's sensory properties by using a given 
glossary of hand descriptive terms with definitions for each one of the attributes, 
to handle the samples in a specific way (depending on the evaluated attribute) 
and to quantify their perceptions intensity by scoring each sensory properties of 
a fabric on a common intensity scale from a score sheet. Table 1 shows the 
proper actions for the evaluation of the physical attributes by means of 
mechanical and surface properties of the fabric in compliance with the criteria of 
Kawabata and AATCC Evaluation Procedure - Appendix A [11, 21, 24, 25]. 

• Quantifying the intensity of sensorial perceptions during the blind handling of 
fabrics: starting with naive assessors, they should be taught about the glossary of 
descriptive terms, and about the ones to be used in the trials for sensory 
analysis. The evaluators should learn to assess the sensory attributes as fabric 
hand by quantifying the intensity of their perceptions during the blind handling 
of fabrics. As shown in Table 1, for six mechanical and surface properties two 



 

116  

 

 

 

extreme values of the related physical attributes as fabric hand descriptors, 
called bipolar attributes were established.
into grades, the assessors were taught to use a rating scale for each bipolar 
attribute, with grades from 1 to 10 
samples of the selected fabrics need to get grades reflecting 
perceptions of the evaluators during fabric handling, 
scale that quantifies the intensity of ea
example, the selected attribute “flexible” as an extreme was assigned with the 
grade “one” (the most flexible) while the attribute for the other extreme (“stiff”) 
received the grade “ten” (the most non
that the fabric is felt as being moderately flexible/stiff. 

• Other requirements and guidelines for deploying sensorial analysis trials: 
the evaluations, all the samples were preserved under the standard atmospheric 
conditions and each evaluation session was performed under the same 
experimental conditions [21, 23].
individual panellists and presented in Table 1 is a “blind handling” with mono
sense approaches of each fabric hand desc
sessions the support from the facilitators should be provided.

 
Table 1. Handling for the human perception of fabric properties related to the fabric hand 

[20, 28] 
Handling for evaluation of the mechanical and surface prope

(under low stress)

1.Tensile properties 
assessment:  
 
by gripping the fabric 
between two fingertips and by 
stretching it in the orthogonal 
direction from the fixed fabric 
edge. 

 

2.Shear properties assessment:  
 
by squeezing the fabric 
between two fingertips and by 
stretching it roundtrip, in the 
parallel direction from the 
fixed fabric edge. 
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e values of the related physical attributes as fabric hand descriptors, 
called bipolar attributes were established. To “translate” the tactile sensations 
into grades, the assessors were taught to use a rating scale for each bipolar 

rom 1 to 10 – see Table 2. During the blind evaluation, all 
samples of the selected fabrics need to get grades reflecting the individual 
perceptions of the evaluators during fabric handling, according to the rating 
scale that quantifies the intensity of each bipolar attribute from 1 to 10. 
example, the selected attribute “flexible” as an extreme was assigned with the 
grade “one” (the most flexible) while the attribute for the other extreme (“stiff”) 
received the grade “ten” (the most non-flexible); the meaning of grade “five” was 
that the fabric is felt as being moderately flexible/stiff.  
Other requirements and guidelines for deploying sensorial analysis trials: 
the evaluations, all the samples were preserved under the standard atmospheric 

ions and each evaluation session was performed under the same 
experimental conditions [21, 23]. The assessment technique applied by the 
individual panellists and presented in Table 1 is a “blind handling” with mono
sense approaches of each fabric hand descriptor so, during the evaluation 
sessions the support from the facilitators should be provided. 

Table 1. Handling for the human perception of fabric properties related to the fabric hand 

Handling for evaluation of the mechanical and surface properties 
(under low stress) 

Bipolar physical 
attributes as hand 

descriptors

Stretchable/
Non-stretc

Soft / Hard

2019 

e values of the related physical attributes as fabric hand descriptors, 
To “translate” the tactile sensations 

into grades, the assessors were taught to use a rating scale for each bipolar 
During the blind evaluation, all 

the individual 
according to the rating 

ch bipolar attribute from 1 to 10. For 
example, the selected attribute “flexible” as an extreme was assigned with the 
grade “one” (the most flexible) while the attribute for the other extreme (“stiff”) 

meaning of grade “five” was 

Other requirements and guidelines for deploying sensorial analysis trials: before 
the evaluations, all the samples were preserved under the standard atmospheric 

ions and each evaluation session was performed under the same 
The assessment technique applied by the 

individual panellists and presented in Table 1 is a “blind handling” with mono-
riptor so, during the evaluation 

Table 1. Handling for the human perception of fabric properties related to the fabric hand 

Bipolar physical 
attributes as hand 

descriptors 

Stretchable/ 
stretchable 

Soft / Hard 
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Handling for evaluation of the mechanical and surface prope
(under low stress)

3.Bending properties 
assessment:  
 
by providing a fabric fold 
under its own weight and by 
gripping the fabric between 
two fingertips. 

 

4.Compression properties 
assessment: by squeezing the 
fabric in its thickness between 
two fingertips without any 
other movement 

 

5.Surface properties 
assessment:  
by gently squeezing the fabric 
in its thickness between two 
fingertips and then sliding 
them in the orthogonal 
direction from the fixed fabric 
edge. 

 

6.  

Rodica HARPA, Dr. Habilitation Thesis

Handling for evaluation of the mechanical and surface properties 
(under low stress) 

Bipolar physical 
attributes as hand 

descriptors

Flexible/ Stiff

Thin / Thick

Slippery / Rough
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Bipolar physical 
attributes as hand 

descriptors 

Flexible/ Stiff 
 

Thin / Thick 

Slippery / Rough 
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Handling for evaluation of the mechanical and surface prope
(under low stress)

7.  

8.Weight assessment:  
by providing a free fabric fold, 
under its own weight and then 
lifting it with the palm of the 
hand 

 

 
The samples of the same size (200 mm x 200 mm) are randomly presented one
one to each assessor by the facilitators, inside special boxes without visual access 
but only accessible by the assessors’ hands. Each item is assessed within the allowed 
time lapse (up to 10 seconds for each sample and for each bipolar physical 
attribute).  

Table 2. Evaluation sheet for bipolar attributes 
Evaluator:   
Fabric sample: 

Attribute 1 2 3 4
Stretchable     

Soft softest    

Flexible the most 
flexible 

   

Thin thinnest     

Slippery the most 
slippery 

   

Light lightest    

 
The facilitators should provide assessors the monitoring of the handling technique 
and the succession of handling step by step for every hand de
complete the evaluation sheets
feeling quantification during the fabrics handling.
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Handling for evaluation of the mechanical and surface properties 
(under low stress) 

Bipolar physical 
attributes as hand 

descriptors

Light / Heavy

The samples of the same size (200 mm x 200 mm) are randomly presented one
one to each assessor by the facilitators, inside special boxes without visual access 

assessors’ hands. Each item is assessed within the allowed 
time lapse (up to 10 seconds for each sample and for each bipolar physical 

Table 2. Evaluation sheet for bipolar attributes  

Subjective rating scale 

4 5 6 7 8 9 10 Attribute
 Moderately      

stretchable
 Moderately     hardest 

 Moderately 
flexible/ stiff 

    stiffest 

 moderately     thickest 

 Moderately     roughest 

 Moderately     heaviest 

The facilitators should provide assessors the monitoring of the handling technique 
and the succession of handling step by step for every hand descriptor, and should 
complete the evaluation sheets with grades reported by panelists, as their sensorial 
feeling quantification during the fabrics handling. 

2019 

Bipolar physical 
attributes as hand 

descriptors 

Light / Heavy 

The samples of the same size (200 mm x 200 mm) are randomly presented one-by-
one to each assessor by the facilitators, inside special boxes without visual access 

assessors’ hands. Each item is assessed within the allowed 
time lapse (up to 10 seconds for each sample and for each bipolar physical 

Attribute 
Non 

stretchable 
Hard 

Stiff 

Thick 

Rough 

Heavy 

The facilitators should provide assessors the monitoring of the handling technique 
scriptor, and should 

with grades reported by panelists, as their sensorial 



 

119  

 

 

 

 

II.3.2.2. ASSESSING THE SENSORIAL COMFORT OF FABRICS FOR 

SUMMER DRESSES BY SUBJECTIVE EVALUATION. CONNECTIO

OBJECTIVE MEASUREMENTS

 

 
In this study [20] the entire evaluation was carried out for three plain
with different fiber composition (100% cotton, 100% viscose, respectively 100% 
silk), suitable to the quality profile expected for comfo
main characterization is presented in Table 3.

Table 3. Main characteristics of fabrics selected for summer dresses
Fabric codification 

 Screen shot  

Raw material 
Mass per square meter 

 (g/m2) 

Density warp/10cm 

weft/10cm 

 
Experiments were conducted in two successive stages, in order to emphasize the 
sensorial comfort of fabrics for summer dresses by means of both subjective and 
objective evaluation methods.

 

II.3.2.2.1. Subjective evaluation of fabrics for summer dresses
 

 

For the subjective evaluation of the fabric handle, the panel of evaluators included a 
homogeneous group consisting of 10 master students, with similar preferences in 
fashion trends and design. Without being experts, but still with clear ideas about 
their expectations as customers, regarding the comfort of any item of women cloths, 
these young women assessed individually the primary handle attributes, in 
compliance with the AATCC eva
consumers founded a panel with naive assessors, trained to evaluate the three 
woven fabrics and to quantify their individual perceptions during the fabrics 
handling. Table 4 shows the proper a
by means of mechanical and surface properties of the fabric in compliance with 
criteria of Kawabata and AATCC Evaluation Procedure
Table 1. 
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ASSESSING THE SENSORIAL COMFORT OF FABRICS FOR 

SUMMER DRESSES BY SUBJECTIVE EVALUATION. CONNECTIO

OBJECTIVE MEASUREMENTS 

the entire evaluation was carried out for three plain-woven fabrics 
with different fiber composition (100% cotton, 100% viscose, respectively 100% 
silk), suitable to the quality profile expected for comfortable summer dresses; their 
main characterization is presented in Table 3. 

Table 3. Main characteristics of fabrics selected for summer dresses 
F1 F2 F3

   

100% Cotton 100% Viscose 100% Silk
44.08 86 21.04

90 162 61

59 136 48

Experiments were conducted in two successive stages, in order to emphasize the 
sensorial comfort of fabrics for summer dresses by means of both subjective and 

evaluation methods. 

Subjective evaluation of fabrics for summer dresses

For the subjective evaluation of the fabric handle, the panel of evaluators included a 
homogeneous group consisting of 10 master students, with similar preferences in 

and design. Without being experts, but still with clear ideas about 
their expectations as customers, regarding the comfort of any item of women cloths, 
these young women assessed individually the primary handle attributes, in 
compliance with the AATCC evaluation procedure [11]. Therefore, the students as 
consumers founded a panel with naive assessors, trained to evaluate the three 
woven fabrics and to quantify their individual perceptions during the fabrics 

Table 4 shows the proper actions for evaluation of the physical attributes
by means of mechanical and surface properties of the fabric in compliance with 
criteria of Kawabata and AATCC Evaluation Procedure- Appendix A, as shown in 
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ASSESSING THE SENSORIAL COMFORT OF FABRICS FOR 

SUMMER DRESSES BY SUBJECTIVE EVALUATION. CONNECTIONS WITH 

woven fabrics 
with different fiber composition (100% cotton, 100% viscose, respectively 100% 

rtable summer dresses; their 

F3 

 

100% Silk 
21.04 

61 

48 

Experiments were conducted in two successive stages, in order to emphasize the 
sensorial comfort of fabrics for summer dresses by means of both subjective and 

Subjective evaluation of fabrics for summer dresses 

For the subjective evaluation of the fabric handle, the panel of evaluators included a 
homogeneous group consisting of 10 master students, with similar preferences in 

and design. Without being experts, but still with clear ideas about 
their expectations as customers, regarding the comfort of any item of women cloths, 
these young women assessed individually the primary handle attributes, in 

luation procedure [11]. Therefore, the students as 
consumers founded a panel with naive assessors, trained to evaluate the three 
woven fabrics and to quantify their individual perceptions during the fabrics 

hysical attributes 
by means of mechanical and surface properties of the fabric in compliance with the 

Appendix A, as shown in 
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 a. tensile properties 

  
d. compression properties

Figure 1. Handling for tactile properties of the
 relevant mechanical and surface properties (low stress)

 
The fabrics samples subjected to sensory evalu
sensation felt according to the subjective quantitative rating scale, that quantifies 
the intensity of each bipolar attribute from 1 to 10, as shown in Table 2.

Due to the destinations of these fabrics, the evaluation o
attributes also included the handling for the evaluation of the bending properties 
(Flexible/Stiff; Crumple-like/Shape recovery),and the 
the surface properties (Slippery/Coarse; Fuzzy/ Smooth). In additio
handling evaluation was of the “warm/cold” bipolar attribute because the sensation 
felt by the evaluator is changing along with the evaluation time. 

The subjective evaluations were conducted as two different approaches, to achieve 
sensory profiles for woven fabrics suited for summer dresses:

1. Sensory profiles for woven fabrics F1, F2 and F3 by means of 
evaluation. 

2. Sensory profile for woven fabrics with specified end
group consensus on the fabric hand
consensus in evaluation). 

Figure 2 shows the sensory profiles for the selected woven fabrics, as results of blind 
individual evaluations, obtained according to the standard’s requirements [27]. 

According to Figure 2, the evaluators’ perceptions are divided: for 100% cotton 
fabric (F1), when it comes to the evaluators Ev 4, Ev 5, Ev 9 and Ev 10; for 100% 
viscose fabric (F2), when it comes to the evaluators Ev 1, Ev 4 and Ev 10; for 100% 
silk fabric (F3), when it comes 

Having in mind some issues regarding the homogeneity of evaluations, the 
evaluation sheet with bipolar attributes graded by the evaluator Ev_10 was 
considered one of them. This evaluator (student) can be endorsed as a dist
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b. shear properties c. bending properties ; 

   
compression properties e. surface properties f. weight property 

Figure 1. Handling for tactile properties of the 
relevant mechanical and surface properties (low stress) 

The fabrics samples subjected to sensory evaluation received grades decided by the 
sensation felt according to the subjective quantitative rating scale, that quantifies 
the intensity of each bipolar attribute from 1 to 10, as shown in Table 2. 

Due to the destinations of these fabrics, the evaluation of additional bipolar 
handling for the evaluation of the bending properties 

like/Shape recovery),and the handling for the evaluation of 
the surface properties (Slippery/Coarse; Fuzzy/ Smooth). In addition, the first 
handling evaluation was of the “warm/cold” bipolar attribute because the sensation 
felt by the evaluator is changing along with the evaluation time.  

The subjective evaluations were conducted as two different approaches, to achieve 
files for woven fabrics suited for summer dresses: 

Sensory profiles for woven fabrics F1, F2 and F3 by means of blind individual 

Sensory profile for woven fabrics with specified end-use by means of evaluators’ 
group consensus on the fabric handle for summer dress (visualization and 

Figure 2 shows the sensory profiles for the selected woven fabrics, as results of blind 
individual evaluations, obtained according to the standard’s requirements [27]. 

the evaluators’ perceptions are divided: for 100% cotton 
fabric (F1), when it comes to the evaluators Ev 4, Ev 5, Ev 9 and Ev 10; for 100% 
viscose fabric (F2), when it comes to the evaluators Ev 1, Ev 4 and Ev 10; for 100% 
silk fabric (F3), when it comes to the evaluators Ev 7 and Ev 10. 

Having in mind some issues regarding the homogeneity of evaluations, the 
evaluation sheet with bipolar attributes graded by the evaluator Ev_10 was 
considered one of them. This evaluator (student) can be endorsed as a dist

2019 

ation received grades decided by the 
sensation felt according to the subjective quantitative rating scale, that quantifies 

f additional bipolar 
handling for the evaluation of the bending properties 

handling for the evaluation of 
n, the first 

handling evaluation was of the “warm/cold” bipolar attribute because the sensation 

The subjective evaluations were conducted as two different approaches, to achieve 

blind individual 

evaluators’ 
le for summer dress (visualization and 

Figure 2 shows the sensory profiles for the selected woven fabrics, as results of blind 
individual evaluations, obtained according to the standard’s requirements [27].  

the evaluators’ perceptions are divided: for 100% cotton 
fabric (F1), when it comes to the evaluators Ev 4, Ev 5, Ev 9 and Ev 10; for 100% 
viscose fabric (F2), when it comes to the evaluators Ev 1, Ev 4 and Ev 10; for 100% 

Having in mind some issues regarding the homogeneity of evaluations, the 
evaluation sheet with bipolar attributes graded by the evaluator Ev_10 was 
considered one of them. This evaluator (student) can be endorsed as a disturbing 
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factor within the panel due to the five years difference between the age of the 
evaluator Ev_10 (the older one) and the other nine.  

 

 
Figure 2. Sensory profiles for fabrics F1, F2 and F3 by means of blind evaluation 

 
Regarding the consensus of the evaluation to correlate the evaluators' preferences 
with the fabrics' end- use features, it was assumed that grades would be attributed 
according to the evaluators' purchase preferences for that item, to wearing it. 
Therefore, to better emphasize the information regarding the sensorial comfort of 
the analyzed fabrics, the panel of 10 students-evaluators was asked to assign values 
to the bipolar attributes for the specific fabrics' end use as summer dress, but 
according to their own preferences.  

Figure 3 shows the sensory profiles for woven fabrics with a specified end-use; these 
were achieved by means of visualization and consensus in evaluation on the fabric 
handle for summer dress, within the panel of evaluators. 

From the graphic configuration it appears that the evaluators showed homogenous 
preferences (through close values reported for the bipolar attributes) for the 
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summer dress item: it must be predominantly elastic, soft, flexible, have a good 
shape recovery, be thin, slippery, smooth, light and give a cool sensation. 

 
 

Figure 3. Sensory profiles for fabrics’ recommended profile (dress) by means of visualization and 
consensus in panel 

 

The overall results of the subjective assessment indicate that there are some 
differences between sensorial perceptions when assessing fabric handle in a 
different approach (blind versus panel consensus). It was assumed that through 
visualization and consensus within the panel, for the fabrics’ recommended profile 
(dress), the students’ evaluation was closer to the consumers’ evaluation, namely 
women wearing summer dresses. 

 

 

II.3.2.2.2. Objective evaluation of fabrics for summer dresses and 

connections with the subjective evaluation 
 

 
Numerous studies have been conducted and shown that, for both garments design 
and production, as well as for using fabrics according to a specific end-use, it is 
useful to have subjective and objective handle assessment elements. Tactile 
perceptions signify a basic component of the sensory comfort, being connected to 
the interaction between the fabric and the human body. To this respect, the 
mechanical properties and the surface characteristics of the fabric are especially 
important. 

This part of work presented an objective assessment of certain physical and 
mechanical characteristics in order to simulate sensory comfort elements, by using 
the available testing equipment from the textile laboratory, with no connection to 
the KES system. 

Consensus on fabric handle for summer dresses

1

2

3

4

5

6

7

8

9

10

Stretchable

/ Non

stretchable

Soft / Hard Flexible /

Stiff

Crumple-

like / Shape

recovery

Thin / Thick Slippery /

Coarse

Fuzzy /

Smooth

Light /

Heavy

Warm* /

Cold *

Attribute

Note

F 1 _profile

F 2_profile

F 3_profile
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Given the bipolar attributes based on which the panel assessment was completed, 
three groups of attributes of sensory comfort, were considered for the objective 
evaluation: flexible/stiff, thin/thick and light/heavy.  

For these groups, usual laboratory measurements were performed and allowed 
achieving structural and aesthetic characteristics linked to the handle attributes 
from both the theoretical and practical point of view: 

• Flexible/Stiff (through flexural rigidity measurement of the fabric) 

• Thin/Thick (by measuring fabric thickness) 

• Light/Heavy (by measuring fabric weight) 

As usual, there are mandatory characteristics to be tested for every fabric and an 
objective evaluation was carried out according to the standard analysis 
methodology, in the physical-mechanical testing laboratory. Obviously, the samples 
from the three woven fabrics were conditioned at 65 ± 4% relative humidity and 20 
± 2°C for 24 hours before measuring. 

The ultimate stage of work in this study was a comparison in terms of 
similarity/dissimilarity between the evaluation results of both subjective and 
objective evaluations, carried out. 

The results of the objective evaluation for some fabrics’ characteristics, important 
for ladies' garment (dresses), were analyzed regarding the suitability of ranking 
derived from the subjective evaluation. 

Table 4 allows a comparative study between the objective measurements  results of 
the three fabrics’ characteristics, as relevant ones for assessing the comfort of 
fabrics intended for summer dresses, and the subjective assessment results of 
bipolar attributes for assessing the fabrics hand by means of sensorial perceptions.  

The results from Table 4 were analyzed in terms of differences and similarities 
between the selected fabrics, as follows:  

• Blind evaluation of three items of woven fabrics versus panel consensus for fabrics 
intended for summer dresses. The differences between the subjective evaluations 
by the expert group for both the blind and panel consensus for summer dress 
were only a few. This analysis shows that clothing formability and their 
expectations as consumers on the achievement of a good-looking silhouette 
when women wear summer dresses, influenced the female students-evaluators 
for the subjective evaluation, during the fabrics profiling for summer dresses 
preferences in panel consensus. 
• Blind evaluation of three items of woven fabrics versus objective evaluation (for 
characteristics linked to the handle attributes). For the student assessors as 
consumers, the results indicate that there are several differences between 
sensorial perceptions when assessing fabric handle and objective evaluation. 

Overall, the blind evaluation of fabrics ranks into a sensory profile similar to that 
measured in laboratory, for the selected characteristics. 
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The accuracy of the objective evaluation versus subjective evaluation (blind for 
sensory profile) is high for bipolar attribute flexible/stiff and good enough for both 
bipolar attributes thin/thick and light/heavy. 

Altogether, this study was in agreement with the literature: the objective evaluation 
had a good applicability in manufacturing garments but, also, the subjective 
evaluation comes with very useful information for garment design and intended 
end-use of fabrics. 

Table 4. Comparison between objective /subjective evaluation  
for the characteristics/bipolar attributes 

Fabric 

Objective evaluation Subjective evaluation 
Characteristics 

 (linked to the handle 
attributes) 

Actual 
values 

Note from 
sensory profile 

(Blind evaluation) 

Note from profile of 
mean preference 

 (Consensus for summer 
dress) 

F 1 
 (100% 
Cotton) 

Flexibility (%)/ 
 Stiffness (mg·cm)  

52/27 
3-4 1 

Thickness (mm)  0.17 3 2 
Mass per surface unit (g/m2)
   

44 
3 3 

F 2  
(100% 
Viscose) 

Flexibility (%)/ 
 Stiffness (mg·cm)  

55/25 
3-4 2 

Thickness (mm)  0.23 3 2 
Mass per surface unit (g/m2)
   

86 
3 5 

F 3  
(100% Silk) 

Flexibility (%)/  
Stiffness (mg·cm)  

68/7 
2 2 

Thickness (mm)  0.21 1-2 2 
Mass per surface unit (g/m2)
   

21 
1-2 2 

 
Summarizing, in this study were conducted subjective and objective evaluations of 
plain woven fabrics with different fiber composition (100% cotton, 100% viscose, 
respectively 100% silk), suitable to the quality profile expected for comfortable 
summer dresses as a case study for a ready-to-wear collection. The sensorial 
comfort linked to both, the mechanical handle and the structural and aesthetic 
properties, can be correlated with the ability of designers and manufacturers to 
achieve a good-looking silhouette and maintaining the shape of the clothing, when it 
comes to the needs of the customers (women wearing summer dresses). Also, 
considering the AATCC evaluation procedures, inexperienced evaluators can be 
trained because the subjective evaluation is important for a successful garment 
company. 

However, the clothing companies should be aware of the customers’ requirements, 
expectations and needs for a particular end use, and should complete a proper 
evaluation strategy in order to associate the basic properties of fabrics with the 
fabric handle. 
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II.3.2.3. ASSESSING THE SENSORIAL COMFORT OF A VARIETY OF 

STRETCH DENIM FABRICS. RATING CONSISTENCY EVALUATION 

WITHIN THE PANEL 

 

 
Women's clothing, a specific and valuable niche of consumers, is strongly influenced 
by fashion trends but also by the feelings about an adequate durability, a satisfactory 
degree of comfort in wearing and finally, yet importantly, a great aesthetic 
appearance, no matter what the end use is [29, 30, 31].  

When the garment quality for women is defined from the weaving companies’ 
perspective, there is a focus on the overall features that can be measured in a 
laboratory [32, 33]. Predicting the overall suitability for the designed end use and 
the products’ success on the market can be a hard topic for fabrics and clothing 
manufacturers and for retailers, thus, the improving of the fabric design strategy 
should be a mandatory task in textile companies [31, 34-36].  

A major concern within the textile value chain is to react timely to the consumer 
preferences and, nowadays, the sensorial comfort of any item of clothing together 
with the fabric quality seems to come first in the top of the consumer preferences. 
Regardless of the reference source and the market niche, polls about the clothing 
consumer lifestyles revealed that, when shopping for apparel, consumers are not 
only pursuing the latest fashion trends. On the contrary, they are willing to pay more 
for comfort, general appearance and high-quality products, more than for any other 
product attribute designed to cover consumers' value expectations [20, 29-31]. This 
trend was found similar for the denim market, irrespective of segmentation (by 
product, by consumer type). Moreover, as consumers are becoming more concerned 
with health and exercise, and both professional and social dress codes are relaxing 
nowadays, the denim designers and manufacturers realized they needed to compete 
against athleisure apparel, which has the comfort factor on its side. To support this 
trend, the jeans manufacturers are innovating and adapting their products to pursue 
the consumer demands, including by means of a wide range of finishing techniques 
carried out in different stages, as pre-finishing and washing processes. In addition, 
the denim global market landscape essentially changed with the appearance of more 
comfortable jeans, by considering this feature from the very fabric design and 
manufacturing and revealed as the stretch denim fabric. By default, the stretch 
denim should have a degree of body fitting and should be more comfortable than the 
regular denim fabric, even if incorporating a small amount of elastane, and this fact 
should be proved by means of analysis of the fabrics sensorial comfort features [32, 
33]. 

In textiles, the sensory analysis approached as a subjective assessment technique is 
considered as a usual practice for clothing sensorial comfort evaluation, pursuing 
the upgrading of the design stage for both fabrics and garments [34-38]. Recently, 
the sensory analysis was applied with reliable results to assess the comfort of 
functional fabrics for smart clothing [39].  
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However, in practice, the sensory analysis of in-process and finished fabrics should 
be considered by means of the implementation of a sensory analysis programme in 
quality control [40]. This is because when buying an item of clothing, the consumers 
(with or without a background in textiles) tend to handle it so they can get a feeling 
on the fabric's quality and on the sensorial comfort they could benefit from, while 
wearing the garment [17, 31, 35].  

 
 

II.3.2.3.1. The effect of finishing processes on stretch denim fabrics 

properties 
 

 
Traditionally, denim is a strong and durable cotton fabric, produced with 2/1 or 3/1 
twill weave constructions, in which the warp yarns are dyed with blue pigment 
obtained from indigo dye and the weft yarns are white. It is used for making jeans, 
jackets, shirts, skirts and many other garments for men and women of any age, as 
well as for children. Denim fabrics are widely used in the clothing industry because 
they bring together several features highly appreciated by the consumers. Denim 
garments are comfortable, durable, versatile, affordable, and always fashionable, 
being an appropriate choice for all age groups [41-43].  

Since people prefer comfortable and fashionable clothing, denim brands have 
become more interested in improving both, the comfort and functional properties of 
their products, giving customers the opportunity to feel better while wearing these 
products. Consequently, a major area of innovation and development is devoted to 
diversifying the range of denim fabrics, by using varied types of fibers, yarns and 
finishing treatments [43, 44].  

Among these approaches, one important trend is represented by the manufacture of 
stretch denim fabrics. These fabrics, in which the weft system incorporates elastic 
core-spun yarns, show a high elasticity compared to other types of denim and 
ensure valuable comfort properties for the garment such as formability, fitting to the 
human body and shape retention after wearing [45-47].  

The supply chain for denim products includes, among other stages, the necessary 
steps required for production of denim fabrics, garments manufacturing and 
finishing of denim garments. Generally, after weaving, the denim fabric is subjected 
to mechanical and chemical treatments designed to ensure dimensional stability, 
soft surface and to prevent contraction in subsequent finishing and washing 
processes. Furthermore, by applying various fabric finishing processes, denim 
manufacturers have the opportunity to diversify their production and get a varied 
range of denim fabrics. Additionally, the finished denim fabrics may be subjected to 
diverse type of washings in order to obtain those aesthetic features expected by the 
customers for the garment products. This is a marketing strategy that results in a 
number of competitive benefits such as quicker response to market and fashion 
demands, higher flexibility in production, more design options available already in 
fabric stage, large variety of possible wash-down effects and increased added value. 
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For these reasons, the denim companies make substantial investments in machines 
and equipment as well as in the development of processes and techniques allowing 
them to achieve a flexible production and to quickly meet the continuous changing 
in fashion trends [32, 48]. After manufacturing, the denim garments are often 
subjected to washing processes to obtain a wide variety of aesthetic and tactile 
effects. Therefore, for denim manufacturers, not only the characteristics of the 
finished fabrics provided to the garment factories are important, but also the way 
the washing processes can amend them. Considering this aspect, the present study 
aimed to evaluate the effect of industrial finishing and washing processes on certain 
properties of stretch denim fabrics [33]. 

The research has been carried out using stretch denim fabrics with a composition of 
98% CO/2% EL and 3/1 Z twill weave, produced on PICANOL OMNI PLUS 800- air 
jet weaving machines. The structural characteristics of the greige denim fabric are 
displayed in Table 5. 

 
Table 5. Structural characteristics of greige denim fabric. 

Fabric code V0 

Composition 98% CO/ 2% EL 

Weave Twill 3/1 

Yarn density 
(yarns/10 cm) 

warp 265 

weft 200 

Weight (g/m2) 328 

Yarn linear density (tex) 
warp 57 

weft 63 

 
Starting from one type of greige fabric (V0), through the application of four types of 
finishing treatments ( F1-F4), six variants of finished denim fabrics were obtained ( 
V1-V6), achieved after three different subsequent washing processes, commonly 
used for washing the denim garments: F1-V1,V2,V3; F2-V4; F3-V5; F4-V6. 

To assess the effect of finishing treatments and washing processes on denim fabrics, 
have been selected and measured by the usual laboratory testing methods - as 
objective measurements-those fabric properties that can be subjectively assessed by 
the customers: fabric weight and thickness, fabric extensibility and flexural rigidity, 
fabric coefficient of friction.  

These properties are important because they contribute to create a certain sensory 
feeling to customers when they manipulate the fabric and may have a considerable 
influence in their decision regarding the buying of a specific garment item [49]. 

The physical-mechanical properties of the denim fabric assortment were evaluated 
using specific testing equipment and methodologies, according to the applicable 
standards, as follows: 

• Fabric weight, M (g/m2) was measured using a Digital Electronic Balance-
MESDAN, following the SR EN 12127:2003 standard.  



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

128  

 

 

 

• Fabric thickness, gp (mm) was measured with a Digital Thickness Tester Lab-
MESDAN, according to the SR EN ISO 5084:2001 standard. 

• Fabric extensibility in the warp direction, E (%) was determined with the Fryma 
Extensometer-SDL ATLAS, according to the BS EN 14704-1:2005 standard. 

• Fabric flexural rigidity in the warp direction, R (mg∙cm) was measured using the 
Fabric Stiffness Tester MTFEEM FF20-METRIMPEX, following the ASTM 
D1388:1996 standard. 

• Dynamic coefficient of friction, µD was determined using the Shirley Fabric 
Friction Tester-SDL ATLAS, according to ISO 8295:1995 standard.  

Before testing, all denim fabric samples were conditioned according to the SR EN ISO 
139:2005 standard. 

Table 6 summarizes the values of physical-mechanical properties for both finished 
and washed denim fabrics, obtained as an average of five tests. The results show 
differences, sometimes considerable, between the properties of various finished 
denim fabrics. Therefore, changes of these properties were also observed after 
performing the washing processes. 

 
Table 6. Physical-mechanical properties of finished and washed denim fabrics 

Fabri
c 

code 

Fabric weight 

M (g/m2) 

Fabric thickness 

gp (mm) 

Fabric 
extensibility 

E (%) 

Flexural rigidity 

R (mg∙cm) 

Dynamic 
coefficient of 

friction µD 

Finishe
d 

Washe
d 

Finishe
d 

Washe
d 

Finishe
d 

Washe
d 

Finishe
d 

Washe
d 

Finishe
d 

Washe
d 

V1 405 412 0.67 0.79 2.5 3.6 815.4 525.1 0.5546 0.6791 

V2 361 376 0.69 0.82 3.4 3.7 493.4 433.7 0.7129 0.8102 

V3 351 376 0.68 0.84 3.3 4.3 512.4 426.9 0.6809 0.7605 

V4 341 358 0.72 0.88 4.2 4.3 385.4 349.9 0.7540 0.8497 

V5 343 360 0.70 0.89 5.5 6.0 316.8 301.2 0.7534 0.8388 

V6 332 373 0.72 0.91 6.0 6.5 279.1 413.4 0.7530 0.8385 

 
As a result of the finishing processes, all variants of finished denim fabrics exhibit an 
increase in weight compared to the greige fabric (Figure 4). This effect can be 
explained by the normal changes of fabric structural parameters, such as increasing 
the yarn density due to the fabric shrinkage, but also by the addition of finishing 
products such as coating components, resins, softeners.  

The highest increase of fabric weight was observed for the fabrics V1 (23.4%), V2 
(10%) and V3 (7%), which were finished by acrylic coating, while for the others 
fabric variants, the percentage increase was under 5%. Following the washing 
process, the fabric weight increases again, but to a lesser extent (<7%), except for 
the V6 variant that shows a growth of weight by 12%. 

Finished denim fabrics do not show significant differences in thickness (0.67 mm - 
0.72 mm), the smallest values being obtained for acrylic coated fabrics V1 - V3. After 
the washing processes, the thickness increases in all fabric variants, but the trend is 
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more significant for V4-V6 (Figure 5). These fabric variants have undergone other 
finishing processes than the acrylic coatings - treatment with resin, overdyeing - and 
have been washed in a more aggressive manner to obtain the desired surface effect. 
Based on these results it can be concluded that the acrylic coating has contributed to 
reducing the tendency of the fabric to shrink (by fixing the yarns in the fabric 
structure) thereby diminishing the effect of increasing the thickness. 

 

  
Figure 4. Effect of the applied treatments on the 

fabric weight. 
Figure 5. Effect of the applied treatments on the 

fabric thickness. 
 

Fabric extensibility measures the increase in fabric dimensions when it is subjected 
to an applied load and is a significant mechanical parameter that influences the 
proper fit of the garment and the wearing comfort. From this point of view, the 
results revealed a different behavior of the examined denim fabrics (Figure 6). In the 
case of finished denim fabrics, the variants V1 - V4 exhibit lower values of 
extensibility (2.5% - 4.2%), while for the V5 and V6 variants this parameter has 
higher values (5.5% - 6%). Again, the particularities of the finishing processes can 
explain this behavior. For V1-V4 variants, acrylic coatings and resin treatment limit 
the mobility of the yarns and, hence, reduce the fabric's ability to increase its size 
when subjected to loading, while for the other two finishes this effect does not occur. 
Following the washing process, the extensibility of all fabric variants examined has 
increased, but in a different manner. The trend is more pronounced for variants V1 
and V3 with 44% and respectively 30% increase, while for the other variants the 
increase in extensibility is under 10%. 

Bending properties of the fabrics are determined by an assembly of factors such as 
yarn bending behavior, fabric weave and finishing treatments, and have a major 
influence on fabric's hand value and draping behavior. In terms of flexural rigidity, 
the analyzed fabrics showed a different behavior, but in agreement with the trends 
amending the extensibility (Figure 7). Acrylic coating imparts stiffness to finished 
denim fabric and this effect is confirmed by the high flexural rigidity values obtained 
especially for fabric variants V1 but also for V2 and V3. The other variants of denim 
fabrics are less rigid, but they are also different from each other. After the washing 
processes, the rigidity of fabrics decreased, with percentages varying between 35% 
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(V1) and 5% (V5); only for fabric variant (V6) it has been observed that the washed 
fabric is stiffer than the finished fabric.  

  

  
Figure 6. Effect of finishing on the fabric extensibility. Figure 7. Effect of the finishing on the fabric rigidity. 

 
The coefficient of friction is a parameter that can be used to evaluate the fabric’s 
surface appearance in terms of smoothness or roughness, the smaller values 
showing a smoother surface. The obtained results confirm that both, the finishing 
and washing treatments, have influenced the surface properties of denim fabrics 
(Figure 8). Analyzing the coefficient of friction's values, one can say that the variants 
of acrylic coated denim fabrics (V1-V3) have a smoother surface compared to the 
other variants. The same situation is maintained after the washing process, but in 
this case the coefficient of friction has higher values and the differences between 
fabric variants become smaller, except for the V1 variant which remains on first 
place, with the smoothest surface.  

 
Figure 8. Effect of finishing on the fabric coefficient of 

friction. 

 

Summarizing, this study aimed to evaluate the effect of industrial finishing and 
washing processes on the properties of stretch denim fabrics by assessing certain 
physical-mechanical properties important from the point of view of the sensory 
perception that shoppers have when handling the material. The results showed 
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substantial changes in the fabric properties both, after the industrial finishing 
treatments and after the washing processes, confirming the possibility of obtaining a 
range of denim fabrics with different properties, starting from a single type of greige 
fabric. For denim factories, this would be a smart strategy that should allow them to 
be more flexible and respond quickly to the changing demands of the market and the 
customers.  

Matching the classic strategy for testing finished denim fabrics with testing of 
washed denim fabrics gives a clearer overview on the possibilities for further 
diversification, providing designers and garment manufacturers with more 
information about how the final products will look like. It is important, however, to 
find out whether these differences can be perceived by customers who do not have a 
specialized training in textiles. In our future studies, we will try to establish the 
relationship between the fabric profile obtained by objective evaluation and the 
perception of the customers, obtained by subjective evaluation. 

 
 

II.3.2.3.2. Sensory analysis of an assortment of stretch denim 

fabrics 

 
In this study [28], a range of stretch denim fabrics, produced on PICANOL OMNI 
PLUS 800 air jet weaving machines, were chosen for sensory analysis of the tactile 
properties, considering the similarities in manufacturing and final use, as jeans for 
women. Regarding the percentage of elastane used in the weft yarns, three variants 
were considered as well as the mixture with polyester next to the elastane as 
suitable choices for in the weft yarns for weaving the stretch denim (Table 7).  

Within the respect of the wide range of possible finishing treatments in denim 
manufacturing, a variety of pre-finishing treatments was applied in this research for 
the seven loom-state fabrics and, subsequently, different washing techniques 
(commonly used in garment industry for washing denim garments). Hence, seventy 
stretch denim fabrics were produced (half as greige denims and half as finished 
denims). 

Table 7. Main features of designed stretch denim fabrics in the loom-state phase  
Article 
Code 

Fabric composition Weave 
structure 

Yarn linear 
density (tex) 

Thread count 
(yarns/10cm) 

Mass per 
unit area 

(g/m2) Warp Weft Warp Weft Ends/10cm Picks/10cm 
SD1 100% CO 99%CO / 1% EL 3/1 twill 57 63 265±10 200±10 312±16 
SD2 100% CO 98%CO / 2% EL 3/1 twill 57 63 270±10 200±10 317±16 
SD3 100% CO 98%CO / 2% EL 2/1 twill 65 33 257±10 170±10 257±13 
SD4 100% CO 92%CO / 8% EL 2/1 twill 42 42 250±10 190±10 207±10 
SD5 100% CO 92%CO /7% PES  / 

1% EL 
2/1 twill 76 37 240±10 205±10 314±16 

SD6 100% CO 85%CO / 13%PES 
/ 2% EL 

2/1 twill 76 33 220±10 190±10 280±14 

SD7 100% CO 77%CO / 22%PES 
/ 1% EL 

2/1 twill 33 17 390±10 250±10 198±10 
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Details of the pre-finishing processes applied to the loom
“greige” stretch denim (G01 to 
 

Table 8 Pre-finishing and finishing processes applied to fabrics in loom
Stretch 
denim 
(loom-
state) 

Industrial            
pre-finishing 

process * 

Greige fabrics 
codes 

SD1  B→Si→C→D
→Sf→Ac→So
→D→ Sf  

G01  

SD2 G02-G14 Matt surface effect

G15-G18 Semi

SD2 B→Si→C→ 
D→Sf→Rt→S
o→D→ Sf 

G19-G21 Anti

SD2 
SD4 

B→Si→C→D
→Sf 

G22-23;  G28-
29 

Shinier look, a fuller appearance 
and a more intense and regula
shade

SD2 
SD3 

B→Si→Od→S
o→D→ Sf 
→Hs 

G24        G25-
27 

Various shades/ colors and soft 
surface effect

SD6 
 

B→Si→Ds 
→D→Sf→ 
Ac→So→ 
D→Sf 

G31 Surface effects c
in

SD5  
SD6 
SD7 

B→Si→So 
→D→Sf 

G30;         G32-
33;    G34-35 

Soft surface effect

* Brushing (B); Singeing (Si); Caustification (
(Ac); Softening (So); Resin treatment (Rt); Overdyeing (Od); Heat setting (Hs); Desizing (Ds)

 

Within the table are also described the washing processes applied in order to obtain 
the appearance and properties as close as possible to those required by the jeans to 
be made of these materials in order to achieve the “finished” stretch denim (F01 to 
F35).  

Altogether, the labeling of the seventy stretch denim fabrics (greige/finished) was 
decided in view of the consumers’ perception, when they are shopping for jeans, and 
Table 9 shows the images of the seventy stretch denim fabrics.

Table 9. Stretch denim fabrics for 

Stretch denim 
(loom-state) 

Stretch denim
(greige/after pre

SD1 
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finishing processes applied to the loom-state fabric to obtain the 
 G35) are briefly described in Table 8.  

finishing and finishing processes applied to fabrics in loom-state phase
Expected appearance effects on 

fabrics surface 
Washing 

techniques 
(finishing) 

Finishe
d 

fabrics 
codes

 Lustrous surface, leather effect Light rinse 
for coating 
shine 

F01

Matt surface effect F02
F14

Semi-lustrous surface effect F15
F18

Anti-crease and soft surface effect Enzyme 
washing to 
imitate stone 
washing  

F19
F21

Shinier look, a fuller appearance 
and a more intense and regular 
shade 

F22-23; 
F28-29

Various shades/ colors and soft 
surface effect 

Rinse for 
over dyed 
articles  

F24-27

Surface effects contrasting or tone-
in-tone 

Enzyme 
washing to 
imitate stone 
washing 

F31

Soft surface effect F30;   
F32
F35

* Brushing (B); Singeing (Si); Caustification (C); Drying (D); Sanforizing (Sf); Acrylic coating 
(Ac); Softening (So); Resin treatment (Rt); Overdyeing (Od); Heat setting (Hs); Desizing (Ds)

Within the table are also described the washing processes applied in order to obtain 
ies as close as possible to those required by the jeans to 

be made of these materials in order to achieve the “finished” stretch denim (F01 to 

Altogether, the labeling of the seventy stretch denim fabrics (greige/finished) was 
consumers’ perception, when they are shopping for jeans, and 

Table 9 shows the images of the seventy stretch denim fabrics. 

Table 9. Stretch denim fabrics for sensory analysis 

Stretch denim 
(greige/after pre-finishing) 

Stretch denim 
(finished/after washing)

  

 

 

2019 

state fabric to obtain the 

state phase  
Finishe

fabrics 
codes 

Expected 
appearance 
effects on 

fabric 
surface 

F01 To protect 
the coating 
and to give 
an extra 
shine effect 

F02-
F14 
F15-
F18 
F19-
F21 

To achieve a 
lightly worn 
and faded 
look 23; 

29 

27 To remove 
the sizing 
agents and 
unfixed dyes 

F31 To achieve a 
lightly worn 
and faded 
look 

F30;   
F32-
F35 

C); Drying (D); Sanforizing (Sf); Acrylic coating 
(Ac); Softening (So); Resin treatment (Rt); Overdyeing (Od); Heat setting (Hs); Desizing (Ds) 

Within the table are also described the washing processes applied in order to obtain 
ies as close as possible to those required by the jeans to 

be made of these materials in order to achieve the “finished” stretch denim (F01 to 

Altogether, the labeling of the seventy stretch denim fabrics (greige/finished) was 
consumers’ perception, when they are shopping for jeans, and 

 
(finished/after washing) 
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Stretch denim 
(loom-state) 

Stretch denim
(greige/after pre

SD2 

 

 

 

 

 

 

 

 

SD3 

 

SD4 

 

SD5 
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Stretch denim 
(loom-state) 

Stretch denim
(greige/after pre

SD6 

 

SD7 

 

Considering the requirements of the techniques for sensory analysis as subjective 
evaluation of fabric hand, presented in the Chapter II.3.2.1., the seventy stretch 
denim fabrics underwent a subjective evaluation, within sensory analysis sessions in 
a panel of sixteen students as naïve assessors, to evaluate tactile properties as fabric 
hand descriptors. 

 
On the sensory profiles after the blind subjective evaluation of stretch denim 

fabrics hand, for the analysis of accuracy within the panel

 
 
The panellist’s performance checki
for the statistical analysis of results [18, 21, 26, 27]. 

The main issue in this stage was to get an image of the overall sensorial feelings 
accuracy within the panel, namely whether or not the students, as n
succeeded (while blind evaluating) to perceive and to quantify the sensory 
differences between samples of stretch denim as greige fabrics and afterwards, as 
finished fabrics. 

For this purpose the Sensory Profiles of Fabrics (SPF) of each of
denims were computed, based on the assigned grades awarded by each of the 
sixteen students as naive assessors (E01
perceptions on the fabric hand descriptors during the blind evaluation trials. 

During the sensory analysis trials a huge number of sensory profiles were obtained: 
an amount of 1,120 issued by sixteen evaluators for seventy fabrics, with 560 for 
each group of fabrics, as greige denim (G01 to G35) versus finished denim (F01 to 
F35).  

Consequently, it was considered more useful to graphically represent the sensory 
profiles for the average of the ratings reported for each of the seventy stretch denim 
fabrics by the panelists.  

Figure 9 shows the graphical representation of the average sens
seventy stretch denim fabrics after the blind evaluation, allowing a comparison in 
terms of similarity/dissimilarity between evaluations within the panel, considering 
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all six bipolar attributes: stretchable/non-stretchable (S/N), soft/hard (S/H), 
flexible/stiff (F/S), thin/thick (T/Tk), slippery/rough (S/R) and light/heavy (L/H).  

The sensory profiles are quite different as the fabrics are, however, remaining in a 
certain range of the rating scale for the entire assortment. It was obvious that there 
was a difference between the ways in which the hand descriptors have been 
perceived and reported by the panelists during handling for the two groups of 
fabrics, greige (after pre-finishing) and finished (after washing). 

Hence, during handling, the sixteen panellists felt the difference between the two 
fabric groups and, overall, the finished ones have each of the six bipolar attributes at 
a better level from the sensorial comfort point of view for the potential jeans 
consumers: the finished materials were felt with better elasticity, were softer, more 
flexible, rather thicker than thinner and with a perceived medium level of 
smoothness and weight.  

 

 
a. b. 

Figure 1: Average sensory profiles generated by means blind evaluation of the stretch denims after two 
finishing processes: a. SPF of greige denims; b. SPF of finished denims 
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This study focused upon the sensory assessment of the tactile properties as 
descriptors of stretch denim fabric hand, for a wide range of seventy denims 
evaluated after two successive finishing stages (applied in several variants), in order 
to confirm the existence of certain differences between fabrics, easy to distinguish 
by a panel of naive assessors, who could be usual jeans wearers.  

However, a suitable statistical analysis of the sensory data is mandatory, considering 
the huge volume of data to be assessed. The main findings, before the statistical 
analysis of the sensory results, should support the usefulness of the subject for the 
stretch denim fabrics producers, which now represent a significant percentage of 
the global market of denim. 

Summarizing, the sensory profiles allowed a comparison in terms of 
similarity/dissimilarity between evaluations within the panel, for all samples and 
considering all six bipolar attributes. Within the panel of naive assessors, the overall 
sensorial feelings accuracy during the blind subjective evaluation was good enough 
since the difference between the two groups of fabrics (greige versus finished) was 
revealed by means of the sensory profiles. 

 To the best of our knowledge, the sensory analysis of the stretch denim fabrics hand 
was not addressed until this work.  

This research was an attempt to suggest the idea that the need to feel the fabrics is 
self-understood for any buyer of clothing items, regardless if they have or not a 
background in textile, or training in sensory analysis. For producers, it should be 
obvious that the naive assessors and more, the untrained consumers feeling about 
the fabric’ sensorial comfort, could also be significant for a successful garment on 
the market.  
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II.3.3. SOFTWARE TOOLS FOR FABRIC HAND ASSESSMENT  
 

The comfort features are by far one of the most important criteria of the fabric 
selection, as garments' layers can influence consumer preferences for a specific end-
use and can be decisive for successful products [1- 4]. The hand of textiles is a key 
element influencing the purchase of textiles by individuals and because it is based on 
people's subjective feelings, it may have different meanings to different 
people/consumers having different backgrounds and different sensory perceptions 
of identical occurrences [1, 2]. Therefore, the fabrics’ sensorial evaluation plays an 
important role for the identification of materials, in addition to the technical 
specification [3].   

Over the years, a lot of work correlated the mechanical properties of fabrics (as 
results of objective measurements) with human perception (as results of subjective 
assessment), allowing the evaluation of sensorial comfort by means of fabrics' hand 
[4-7]. According to the literature, fabrics' comfort is associated with fabric hand and 
the assessment of the latter has to be involved when predicting the clothing’s 
sensorial comfort [8-11].    

Regarding the subjective assessment of a fabric through the sense of touch, this is a 
permanent concern in apparels manufacture and marketing, due to the specificities 
of the human perception of comfort. For example, considered as a specific market 
niche, the ready-to-wear collections for women are strongly related with fashion 
trends and, at the same time, with both, consumers’ perception about comfort and 
particularities of silhouettes. Therefore, manufacturers and sellers have to provide 
women an overall quality of garments, including comfort, and that involves a focus 
on the subjective evaluation of fabrics’ hand. Finally, this is an issue for the market, 
because the sensory evaluation of fabric handle made by experts on textiles has to 
be linked with the untrained consumers’ perception about comfort [10, 12-16]. 

The AATCC Evaluation Procedure 5-2011 describes the fabric hand as tactile 
sensations perceived when fabrics are touched, squeezed, rubbed or otherwise 
handled [17]. Consequently, it is required that the hand attributes evaluated by a 
trained panel of evaluators, are in agreement with standardized requirements 
applied by means of an acknowledged procedure [18-24]. As reported previously, 
the AATCC Evaluation Procedure 5-2011 standardizes the conditions under which 
fabrics are evaluated for one or more hand’s constituent elements. Since it ensures 
the basic connections between the blind handling of the fabrics and the hand 
descriptors, the procedure is considered mandatory when it comes to the training of 
a panel of evaluators for making consistent judgments of fabrics’ attributes, even if 
they are only students [14, 15, 16].   

Without minimizing the related issues of the fabrics' subjective evaluation, textile 
students (regardless of the specialty and the study year) should be able to make 
connections between the product’s design and the sensory comfort expected for a 
specified end use.  
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Currently, in practice as well as in research, there is a multidisciplinary approach 
which consists of performing subjective assessment of the hand of textiles parallel to 
and independently from the objective techniques [2, 4, 12]. It should be noted that 
the objective analysis could provide quantified results of tests performed in 
laboratory, regarding certain features of fabrics assumed to be related to the fabrics’ 
hand [3, 5, 8, 9]. Though the objective methods do not characterize fabrics’ hand 
directly, they still provide some mechanical properties (as a result of 
measurements) that are believed to be correlated with some components of hand, 
thus with the human perception (as a result of subjective assessment) [1, 8-10, 13, 
25].   

To assess the fabrics' hand by means of tactile properties much easier for panelists 
and with quicker processing of the sensory data, the developing of suitable 
statistical tools as a dedicated ICT-based learning tools was necessary. Hence, the 
STAT-HAND was achieved, a support in performing the sensory analysis trials and to 
compute the sensory results, both being very time-consuming [26,27]. As part of the 
functional laboratory systems integrated in the teaching and research activities, the 
original software called STAT-HAND (Statistical analysis for Hand) has been 
developed to obtain efficiency in the fabrics' hand evaluation trials. Subsequent to 
the fabric hand evaluation, an additional statistical analysis is required to prove the 
reliability of the panel and the connection between the subjective and the objective 
evaluations they carried out. Therefore, another interactive ICT-based learning tool, 
the STAT-ConCor (Statistical Analysis for Concordance and Correlation) was 
developed [28-30].   

 

II.3.3.1. STAT -HAND: Statistical Analysis for Fabric Hand 
 
 
II.3.3.1.1. STAT-HAND software  

 

 

This paper presents the algorithm of the proposed method for the STAT-HAND 
software development, in agreement with the AATCC Evaluation Procedure 5-2011, 
for primary handle attributes to be assessed by means of sensory analysis [26]. 

Considering the previous work in the field as a general approach, the panel of 
individuals for the subjective evaluation of the fabric handle should consist of a 
homogeneous group (gender, age and interests, with similar preferences in fashion 
trends and design).   

The primary handle attributes assessment following the AATCC evaluation 
procedure and the panel of individuals (students in our case) is mandatory to be 
trained after these rules [17]. Starting from this purpose (“to standardize the 
conditions under which a fabric is evaluated for constituent elements of hand”), the 
evaluation procedure contains details about the subjective evaluation principle, 
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terminology, limitations of effective use of guidelines, fabrics’ sampling, evaluator 
preparation, evaluation set-up, ranking specimens and a reference list of hand 
descriptors.  

Table 1 shown in the Chapter II.3.2 presented the proper actions for the blind 
evaluation of the physical bipolar attributes by means of the mechanical and surface 
properties of the fabric, in compliance with the criteria of Kawabata. In addition, the 
bipolar attributes were correlated with Romanian terminology when it comes to 
hand descriptors and were very important in the STAT–HAND software 
development as they are the basis of the evaluation form [26, 27]. The same chapter 
also presented Table 2, the evaluation sheet for bipolar attributes with the 
subjective rating scale.  

 

Next to the Sensory Profile of Fabrics, a new concept was included in STAT-HAND, 

namely the Total Handle Value. 

 

Considering the well-known definitions for fabric handle, the approach of fabric 
quality by sensory analysis is a widespread practice, due to the physical interaction 
with the textile product. Regarding the Total Handle Value (THV), this is not a 
property in itself but it was defined as a summary of all the feelings of a person 
when handling the fabric, so that the total handle subjectively evaluated could be 
assessed, since the overall sensory analysis allows emphasizing the overall 
perception of the fabrics properties linked to the sensorial comfort as handle 
attributes. Consequently, an overall fabric quality measure associated with fabric 
sensory properties, used by panelists as subjective judgment criterion, can be 
defined as Total Handle Value subjectively evaluated (THVs) [16].   

The STAT-HAND software was designed based on the AATCC Evaluation Procedure 
(including Appendix A) and on the best practices described in some of the many 
papers related to the subjective assessment of the fabrics hand. The algorithm has 
the following main steps [26, 27]: 
• Selection of the key factors for the Sensory Profile of Fabrics and Total Hand 
Value evaluation: panel of individuals; evaluators’ names; order of evaluators; date 
and time of evaluation; round of evaluation for each fabric (≥ 2); number of 
evaluators for each fabric ( ≥ 5); number of samples of the fabric ( ≥ 5); fabrics’ 
nomenclature; 
• Evaluation form for the Sensory Profile of Fabrics: evaluation form after the 
blind individual evaluation; evaluation form after the blind individual evaluation for 
the panel;  
• Graphical representation of the Sensory Profile of Fabrics: after the blind 
individual evaluation; after the blind individual assessment throughout the entire 
panel; 
• Selection of the key factors only for Total Hand Value evaluation: fabrics’ 
destinations nomenclature; 
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• Evaluation form for the Total Hand Value: evaluation form after the blind 
individual evaluation of fabrics with specified end-use; evaluation form after the 
blind individual of fabrics with specified end-use, for the entire panel; 
• Graphical representation of the Total Hand Value: after the blind individual 
evaluation for specified end-use of fabrics; after the blind individual assessment 
throughout the entire panel for specified end-use of fabrics. 

The STAT-HAND software was designed using the Delphi visual programming 
environment (Inprise Corporation registered trademark) with Pascal and Data Base 
Engine Paradox.  STAT-HAND can be set up with any available version on 32 bit of 
the Windows operating system and is available only in Romanian (being developed 
for teaching students and research). 

After requiring a username and a password, the STAT-HAND software package will 
offer the option to work with the entire application. When opening a new session, 
the default data input and the active single screen area remain on top, just below the 
title bar which includes the main menu bar and the quick launch toolbars.  

The main menu (Figure 1) allows the user to select an option for data input as the 
key factor for Sensory Profile of Fabrics and for Total Hand Value evaluation and can 
be activated by a mouse click (pressing ENTER).  

The main menu toolbar includes ten buttons operated by a simple mouse click. Their 
activation triggers a submenu where the user can choose the desired option for 
visualization and data input, using the arrow keys on the keyboard. 

 

Figure 1. Screenshot: launch of STAT-HAND software and main menu 

  
The ten buttons are: access the database for previous evaluations; close all pages; 
new evaluation round; evaluators; fabrics details/fabrics end-use; evaluation form 
for the Sensory Profile of Fabrics/“Profil Senzorial Tesaturi” with symbol PST; 
evaluation form for the Total Hand Value of Fabrics/ “Valoarea Totala Hand” with 
symbol THV; display the evaluation form from individuals and/or from panel; 
graphical representation of PST/ THV and tutorials. 

Figure 2 shows the quick launch toolbar for the panel of individuals according to the 
evaluators’ nomenclature (“Nomenclator evaluatori”) with: evaluator’s name/ 
“Nume” and order of evaluators from the panel/ “Nr. Ordine”.  

All windows include the options:  save /"Salvez” and quit /"Renunt” buttons, 
operated by a simple mouse click. 

Figure 3 shows the quick launch toolbar with evaluations’ nomenclature/ 
“Nomenclator evaluari”, with the following data input for a new evaluation round: 
• fabric/“Tesatura”; evaluator/“Evaluator”;  
• date and time of evaluation /“Data si ora”;   
• round of evaluation for each fabric/“Runda de evaluare”;  
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• number of evaluators for each fabric / “Numar de evaluatori” number of 
samples/“Numar de esantioane”.  

 
Figure 4 shows the quick launch toolbar for the fabrics’ nomenclature/ 
“Nomenclator tesaturi”, with the following data input: 
• fabric code/” Denumire“;  
• structure/ “Compozitie”;  
• mass per surface unit/ “Masa”;  
• thickness/ “Grosime”;  
• density for warp/ “Desime in Urzeala”;  
• density for weft/ “Desime in Batatura”.  

 
Figure 5 shows the quick launch toolbar for the fabric end-use nomenclature/ 
“Nomenclator destinatii”, with the following data input:  
• garments designed for / “Confectii pentru”;  
• season / “Sezon”;  
• item/ “Tip articol”;  
• activity/ “Tip activitate“  
• destination/ “Denumire destinatie”  
 
This quick launch toolbar is accessed only for the selection of the key factors 
required for Total Hand Value evaluation.  

  
Figure 4. Screenshot: quick launch toolbar  

for the fabrics’ nomenclature 
Figure 5. Screenshot: quick launch toolbar 

for the fabrics ‘end-use nomenclature 

 

 
Figure 2. Screenshot: quick launch toolbar 

for  the evaluators’  nomenclature 
Figure 3. Screenshot: quick launch toolbar 

for the evaluations’ nomenclature 
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Figure 6. Screenshot: quick launch toolbar for the Sensory Profile of Fabrics 

 
Figure 6 shows the quick launch toolbar for the evaluation form which allow 
generating the Sensory Profile of Fabrics/” Evaluare Subiectiva pentru Profilul 
Sensorial al Tesaturilor”, after the blind evaluation.  
 
The data input are mandatory according to the evaluation form content, which was 
created for the blind evaluation by means of physical bipolar attributes as hand 
descriptors:Warm/Cold(“Cald/Rece”);Stretchable/Nonstretchable(“Elastic/Neelasti
c”); Soft/Hard(“Moale/Tare”); Flexible/Stiff (“Flexibil/Rigid”);Thin/Thick 
(“Subtire/Gros”); Smooth/Rough (“Neted/Aspru”); Slippery/Sandy 
(“Alunecos/Nisipos”) ; Light /Heavy (“Usor/Greu”). 
 
The fabrics subjected to the evaluation could get numerical values (as grades) 
determined by the sensation felt during the blind individual evaluation. According to 
the subjective quantitative rating scale that quantifies the intensity of each bipolar 
attribute, there are possible grades from 1 to 10.   

To support the evaluators, Figure 6 also shows the main three levels of evaluation 
(the top part of the screenshot):   

• grade one (which means warmest, etc.)/ “Nota 1” (cel mai cald, etc.);  
• grade five (which means moderately) / “Nota 5” (senzatie moderata de cald-rece, 

etc.); grade ten (which means coldest, hardest, etc.) / “Nota 10” (cel mai rece, cel 
mai tare, etc.). 

Next, the graphical representation of the Sensory Profile of Fabrics after the blind 
individual/panel evaluation can be accessed from the main menu (see Figure 1). 

Figure 7 shows the quick launch toolbar for the evaluation form of the Total Hand 
Value/ “Evaluare subiectiva pentru THV (blind & consens)”. This time, the evaluation 
form is different from the one above, because the meaning of a grade is related to the 
specified end-use of fabrics subjected to the blind evaluation. According to the 
subjective quantitative rating scale for THV, there are possible grades from 1 to 10, 
quantifying the suitability of fabric for a specified end use. To support the 
evaluators, the Figure 7 also shows the main three levels of evaluation (the top part 
of the screenshot):  
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• grade one (the most appropriate for end use)/“Nota 1” (cel mai adecvat 
destinatiei);  

• grade five (moderately appropriate for end use)/“Nota 5”( senzatie indecisa);  
• grade ten (the most inappropriate for end use)/“Nota 10”(cel mai neadecvat). 

 

 
Figure 7. Screenshot: quick launch toolbar for the Total Hand Value 

 
Next, the graphical representation of the Total Hand Value after the blind 
individual/panel evaluation of fabrics with specified end-use can be accessed from 
the main menu. 

 

 
II.3.3.1.2. STAT-HAND case study  
 
 
In this study [27], subjective analysis trials were conducted for three woven fabrics 
designed for a ready-to-wear collection of casual office summer dresses, as a case 
study of STAT–HAND software application. 

For the blind subjective evaluation of the fabric hand, an homogeneous panel of 
evaluators, consisting of 10 master students, were trained to evaluate the three 
woven fabrics in agreement with the standardized guidelines, in order to quantify 
their individual perceptions by means of bipolar attributes.  

The entire assessment sessions were conducted on computer-assisted workstations 
and the handle perceptions of the students-evaluators were translated into 
experimental results and subjected to faster processing with the STAT-HAND.  

The three woven fabrics with different raw material and properties, according to the 
requested quality profile, have the main characteristics presented in Table 1. 

The blind subjective evaluations were conducted by means two different 
approaches, to achieve both the Sensory Profiles and the Total Hand Value for the 
selected fabrics, suitable for casual office summer dresses.  

Therefore, two evaluation forms have been created and assimilated in the STAT-
HAND, as follows: Evaluation form for the Sensory Profile of Fabrics and Evaluation 
form for the Total Hand Value of Fabrics with specified end-use.  
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Table 1. Main characteristics of fabrics selected for casual office summer dresses 
Fabric codification T1 T2 T3 

Screenshots 

   
Raw material 100% Viscose 100% Viscose 63% PES / 

32% Viscose/5% El 
Mass per square meter 
g/m2 

95 113 263 

Thickness, mm 0.26 0.32 0.82 
Density warp/10cm 320 300 670 

weft/10cm 240 260 510 

 
In both evaluation forms, the fabrics received numerical values for the sensation felt, 
according to the subjective quantitative rating scale that measures the intensity of 
each bipolar attribute from 1 to 10, but with different meaning for each of the two 
working stages. 

The following screenshots were obtained for the considered case study when 
running STAT-HAND. 

Figure 8 shows the evaluators’ nomenclature/“Nomenclator evaluatori” quick 
launch toolbar, for access and data input (8.a) and the active field with data entry in 
a new round of subjective evaluation (8.b). 

 
Figure 9 shows the evaluations’ nomenclature/ “Nomenclator evaluari” quick launch 
toolbar, for access and data input (9.a) and the active field with all data entry in a 
new round of subjective evaluation (9.b). 

Figure 10 shows the fabrics’ nomenclature/“Nomenclator tesaturi” quick launch 
toolbar, for access and data input (10.a) according to Table 1 and the active field 
with all data entry on the fabrics subjected to a new round of blind subjective 
evaluation (10.b). 

 
 
 
 

a. Data input (Evaluator 1, as the first evaluator) b. Overall display of data input ( EV1 to EV8) 
 

Figure 8. Screenshot: quick launch toolbar for the evaluators’ nomenclature  



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

145  

 

 

 

 

 
In order to achieve the Sensory Profile of Fabrics/”Evaluare Subiectiva pentru 
Profilul Sensorial al Tesaturilor” after the blind evaluation, Figure 11 shows the 
quick launch toolbar for the evaluation form which allows generating the profile. 
The quick launch toolbar has the access and data input window (11.a) and the active 
field with all data entry, the grades of physical bipolar attributes as hand descriptors 
of fabrics, for a new round of blind subjective evaluation (11.b). 

a. Data input (Evaluator 1 from ten, fabric 
T3, 3 samples, first round, date and time) 

b. Overall display of data input (EV-1 to EV-7, starting the 
evaluation of T3) 

Figure 9 Screenshot: quick launch toolbar for  the  evaluations’ nomenclature  

a. Data input (fabric T3 with the main 
structural characteristics) 

b. Overall display of data input ( T1 to T3) 

Figure 10 Screenshot: quick launch toolbar for  the  fabrics’ nomenclature  

 
a. Data input (Fabric T1, evaluator EV_3, grades for physical bipolar attributes) 

 
b. Overall display of data input (EV_3 to EV_9, with grades for bipolar attributes of fabric T1) 

Figure 11. Screenshot: quick launch toolbar with evaluation form for Sensory Profile of Fabrics 
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Figure 12 shows the graphical representation of the Sensory Profile of Fabrics after 
the blind individual evaluation
evaluation for the entire panel can also be accessed from the main menu, with a 
simple mouse click.  

Figure 13 shows the launch toolbar for the fabrics’ end
THV evaluation only. In order to achieve the 
specified end-use as an overall blind evaluation made by the ten individuals
panel, the criteria for the garment destinations selection were: garments designed 
for women/men; season hot/cold; item shirt/ coat/dress; activity type casual/home 
clothing/casual office/sports.  

In Figure 13.a the garment designed for women, fo
casual office activity were selected as the end
fabrics: women (”Femei”)/hot/(“Cald”)/dress/(“Rochie”)/casual office (“Casual 
office”) and the symbols for the garment destinations were: F/C

Figure 14 shows the quick launch toolbar for the 
students generating the THV profile/ “Evaluare subiectiva pentru THV”.

 

Figure 12. Screenshot: quick launch toolbar for the graphical representation 
of the Sensory Profile of Fab

 

a. Data input (multifaceted garment destination)

Rodica HARPA, Dr. Habilitation Thesis 

graphical representation of the Sensory Profile of Fabrics after 
the blind individual evaluation. The Sensory Profile of Fabrics after the blind 
evaluation for the entire panel can also be accessed from the main menu, with a 

 
Figure 13 shows the launch toolbar for the fabrics’ end-use nomenclature, for the 
THV evaluation only. In order to achieve the Total Hand Value of Fabrics

use as an overall blind evaluation made by the ten individuals
panel, the criteria for the garment destinations selection were: garments designed 
for women/men; season hot/cold; item shirt/ coat/dress; activity type casual/home 

 

In Figure 13.a the garment designed for women, for hot season, dress item, for 
casual office activity were selected as the end-use criteria for blind evaluation of 
fabrics: women (”Femei”)/hot/(“Cald”)/dress/(“Rochie”)/casual office (“Casual 
office”) and the symbols for the garment destinations were: F/C/R/CO. 

Figure 14 shows the quick launch toolbar for the evaluation form which allows 
students generating the THV profile/ “Evaluare subiectiva pentru THV”.  

Figure 12. Screenshot: quick launch toolbar for the graphical representation  
of the Sensory Profile of Fabrics ( EV_8; T1) 

a. Data input (multifaceted garment destination) 

2019 
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panel, the criteria for the garment destinations selection were: garments designed 
for women/men; season hot/cold; item shirt/ coat/dress; activity type casual/home 
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The quick launch toolbar has the access and data input window (14.a) according to 
Table 3 and the active field with all data entry, the grades related to the specified 
end-use of fabrics subjected to the blind evaluation (14.b). 

 
Figure 15 shows the graphical representation of the Total Hand Value after the blind 
individual/panel evaluation of fabrics with specified end-use, accessed also from the 
main menu. 

The master students’ perceptions as evaluators, provided by means of blind 
assessment sessions, reflected the handle sensations and provided consistent 
information on the sensory comfort estimated during the contact with fabrics, when 
handled. As future specialists in textiles, students have to be trained to manage with 
the demands of the business partners (designers, manufacturers, sellers) by 
providing relevant feedback on the adequacy of fabrics for apparel making with 
specified end-use. This technique allows students to express their tactile sensations 
when handling fabrics, to feel confident in applying knowledge on assessment 
techniques of the subjective evaluation of fabric hand and to acknowledge the link 
between fabric hand and comfort provided in garments. All in one, it contributed to 

b. Overall display of data input (selected from different uses) 

Figure 13. Screenshot: quick launch toolbar for  the  fabrics’ end - use nomenclature  

 

a. Data input (Fabric T1, evaluator EV_1, grades for fabric adequacies for specified end-use) 

b. Overall display of data input (EV_1 to EV_6, all  grades for T1 with the specified end-use) 
Figure 14. Screenshot: quick launch toolbar for the Total Hand Value  of Fabrics, destination  F/C/R/CO 
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a virtual simulation of the fabrics handle profile, optimized for a specific garments' 
end-use. After the last round of evaluation for the selected fabrics, the graphic 
representations for SP and THV at the individual level and on a panel were studied, 
in order to be able to draw conclusions on improving the performances of the 
evaluators – students.  

 

Although the concept of the blind subjective evaluation seems easy and the existence 
of standardized guidelines ensures the uniformity in the assumed subjective 
evaluation of fabric hand by means of the selected descriptors, the work done by a 
panel of evaluators who are not experts, is not an easy one. The uncertain results, in 
spite of all instructions, showed that the personal sensory perception is impossible 
to be customized, but can be continuously improved through training. 

 

 

II.3.3.2. STAT ConCor : Statistical Analysis for Concordance and 

Correlation 

 

II.3.3.2.1. STAT ConCor software  

 
As a practical application for statistical techniques, the fabrics hand is considered a 
multifaceted concept referring to a key part of the product quality, very important 
throughout the textile supply chain, so one parameter alone it will not be 
appropriate to describe this feature [26,27]. In this case, it was stated that a rank 
correlation allows evaluating the concordance between two or more evaluators who 

 

Figure 15. Screenshot: quick launch toolbar for the graphical representation  
of the Total Hand Value grades of fabric T1 with specified end-use 
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make subjective judgements about the same series of samples and, therefore, for the 
textile applications two statistical techniques should be involved [28]:  

• Kendall’s coefficient of concordance, “W”, as a measure of emphasizing the 
agreement/disagreement among evaluators within the panel (for analysis of more 
than two rank classifications) 

• Spearman’s correlation coefficient, “rS”, as a measure of emphasizing the level of 
correlation between the subjective evaluations and objective measurements (for 
analysis of two rank classifications) [25].  

To this respect, STAT-ConCor (Statistical Analysis for Concordance and Correlation) 
software include two facilities (STAT-Con and STAT-Cor) developed in accordance 
with the suitable algorithms for calculating the Kendall’s coefficient of concordance, 
and Spearman’s correlation coefficient [25, 28]. 

The final step after working with the two modules of STAT-ConCor, is the computing 
of the statistical significance tests, considering the "null hypothesis” as a general 
statement that there is no relationship/agreement among the rankers: 

• Chi-Squared Test as the statistical significance test for Kendall’s coefficient of 
concordance; 

• Student's t Test as the statistical significance test for Spearman’s correlation 
coefficient. 

 

 

II.3.3.2.2. Objective measurements and subjective assessment for 

STAT-ConCor case study  
 

 

As discussed, STAT-Cor with Spearman’s correlation coefficient calculation was 
developed in order to emphasize the level of correlation between the subjective 
evaluations and the objective measurements.  

Regarding the objective assessment of fabrics by means of the usual laboratory 
methods, this makes it possible the measurement of several characteristics assumed 
to be connected to the fabric’s hand. One of these characteristics is the fabric 
thickness, which is a mandatory feature to be tested for every fabric and very 
important in terms of hand evaluation, especially for the fabrics used in garment 
manufacture.  

Given the bipolar physical attributes based on which the panel should carry out the 
assessment, for this paper’s purposes the fabric thickness was considered as a result 
of the objective evaluation, related with Thin/Thick bipolar attribute of sensory 
comfort. In Chapter II.3.2, the handling for the evaluation of the mechanical and 
surface properties under low stress showed that for the compression properties 
assessment, by squeezing the fabric in its thickness between two fingertips without 
any other movement, there is an physical bipolar attribute, namely Thin/Thick, 
which can be assessed by means of sensory analysis. 
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The samples analyzed in this study were from the six plain-woven fabrics with 
different fiber composition (100% cot Thin/Thick ton, 100% viscose, 100% silk, 
100% PES and 63% PES /32% Viscose/ 5% El) suitable to the quality profile 
expected for casual office summer dresses. The fabrics codification, appearance, raw 
material and measured values of thickness for each fabric appear in Table 2. 

 
Table 2. Main characteristics of fabrics selected for casual office summer dresses 

Fabric  
codification 

T1 T2 T3 T4 T5 T6 

Fabric  
appearance 

      
Raw material 100% 

Cotton 
100% 
Viscose 

100% Silk 100% 
Viscose 

100% PES 63% PES / 
32%Viscose/ 
5% El 

Thickness,mm 0.17 0.23 0.21 0.32 0,18 0.82 
 

The sensory analysis trials were conducted by a homogenous panel of students from 
the fourth year of study (eight women), who have been trained before the blind 
evaluation to quantify their individual perceptions by means of bipolar attributes. 
They were taught to make connections between specific handling actions for the 
evaluation of certain mechanical and surface properties of fabrics and the hand 
descriptors, for several types of fabrics previously evaluated. For quantifying their 
sensorial perceptions during fabrics handling, the rating scale that quantifies the 
intensity of each bipolar attribute from 1 to 10 on a subjective rating scale was used. 
The entire assessment activity was conducted on computer-assisted workstations 
and the handle sensations of the students-evaluators were translated into 
experimental results, subjected to faster processing with STAT-HAND, to achieve the 
Sensory Profile of Fabrics [26, 27].  

Figure 16 shows the graphical configuration of the Thin/Thick bipolar attribute 
obtained from the Sensory Profile (by means of STAT-HAND) for the six fabrics, after 
the subjective blind evaluation trials accomplished by the panel of eight evaluators. 
From the Sensory Profiles, it appears that during the blind subjective evaluation, the 
evaluators showed almost similar preferences for the fabrics that they handled, 
giving close grades for the bipolar attribute Thin/Thick. However, the fabric T6, 
made of 63% PES /32% Viscose/5% El, appeared to be problematic for the 
subjective evaluation, because of the elastomeric component. 

The range of perceptions does not show big variations between rankings and this 
could be a clue of homogeneity within the panel of students. 

Subsequent to the fabric hand evaluation performed by means of the blind 
subjective evaluation and, also, considering the results obtained by means of the 
objective analyses of fabrics for summer dresses, the statistical analysis was required 
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to verify the reliability of the students within the panel, and, also
between the subjective and the objective evaluations they carried out. 

Figure 16. Graphical representation of 
from the Sensory Profile of fabrics, after the subjective blind evaluation

 

Figure 17 shows the Identification of subjective evaluation
subiectiva) quick launch toolbar for access in a new round of STAT
input with the active field to all previous rounds of subjective evaluation from STAT
HAND database. This is the selection window linked with STAT 
the user to select an option for data input 
ora). 

 

Figure 17. Quick launch toolbar for data entry in a new round 
of STAT

 
Figures 18 and 19 show the STAT
developed in accordance with the STAT
window (Macheta STATCor
[28]. The following data input for a new STAT
are common:  
• Fabric: Dress for summer office (Tesatura: Rochie de vara office)
This information is retrieved from the STAT_HAND database, namely the 
End-Use Nomenclature [26].
• Selected Bipolar Attribute: Thin/Thick (Atribut bipolar selectat: Subtire /Gros)
This information is retrieved from the STAT_HAND database, namely the 
Evaluation for Sensory Profile of Fabrics (Evaluare Subiectiva pentru Profilul Sensorial 
al Tesaturilor), [26]. 
For this case study, just one bipolar physical attribute was selected from the known 
group of eight stated as the hand descriptors: 
shows the results visualization for STAT
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to verify the reliability of the students within the panel, and, also, the connection 
between the subjective and the objective evaluations they carried out.  

Figure 16. Graphical representation of Thin /Thick (Subtire /Gros) bipolar attribute
from the Sensory Profile of fabrics, after the subjective blind evaluation

Identification of subjective evaluation (Identificare evaluare 
quick launch toolbar for access in a new round of STAT-ConCor and data 

input with the active field to all previous rounds of subjective evaluation from STAT
atabase. This is the selection window linked with STAT –HAND and it allows 

the user to select an option for data input Name (Nume) and Date and Time (Data si 

Figure 17. Quick launch toolbar for data entry in a new round  
of STAT-ConCor linked with STAT -HAND 

Figures 18 and 19 show the STAT-Con dialogue window (Macheta STAT
developed in accordance with the STAT-Con algorithm and the STATCor dialogue 

Macheta STATCor) developed in accordance with the STAT-Cor algorithm 
ng data input for a new STAT-Con and/or a new STAT

Fabric: Dress for summer office (Tesatura: Rochie de vara office) 
This information is retrieved from the STAT_HAND database, namely the 

[26]. 
ipolar Attribute: Thin/Thick (Atribut bipolar selectat: Subtire /Gros)

This information is retrieved from the STAT_HAND database, namely the 
Evaluation for Sensory Profile of Fabrics (Evaluare Subiectiva pentru Profilul Sensorial 

For this case study, just one bipolar physical attribute was selected from the known 
group of eight stated as the hand descriptors: Thin/Thick (Subtire/Gros).
shows the results visualization for STAT-Con after deploying the Kendall’s 
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, the connection 

bipolar attribute 
from the Sensory Profile of fabrics, after the subjective blind evaluation 

(Identificare evaluare 
ConCor and data 

input with the active field to all previous rounds of subjective evaluation from STAT-
HAND and it allows 

Date and Time (Data si 

Macheta STAT-Con) 
Con algorithm and the STATCor dialogue 

Cor algorithm 
Con and/or a new STAT-Cor round 

This information is retrieved from the STAT_HAND database, namely the Fabrics‘ 

ipolar Attribute: Thin/Thick (Atribut bipolar selectat: Subtire /Gros) 
This information is retrieved from the STAT_HAND database, namely the Subjective 
Evaluation for Sensory Profile of Fabrics (Evaluare Subiectiva pentru Profilul Sensorial 

For this case study, just one bipolar physical attribute was selected from the known 
Thin/Thick (Subtire/Gros).  Figure 18 
Con after deploying the Kendall’s 



Rodica HARPA, Dr. Habilitation Thesis 2019 

 

152  

 

 

 

coefficient of concordance calculation (W) and computing the Chi-Squared statistical 
significance test for “W”. Figure 19 shows the results visualization for STAT-Cor 
after deploying the Spearman’s correlation coefficient calculation (rS) and 
computing the Student's statistical significance test for “rS”. 

 

Figure 18. STATCon dialogue window and results visualization 

 

 
Figure 19. STATCor dialogue window and results visualization 

 

Concluding for this case study, the reliability of the students from the panel  was 
confirmed: emphasizing the agreement among sensory evaluators within the panel 
(W=1);emphasizing a good correlation between the subjective evaluations and 
objective measurements of the bipolar attribute Thin/Thick (Subtire/Gros) 
(rS=+0.943) , and was found to be statistically significant (given the critical values χ2 

= 9.24; t= 3.747). 

Summarizing, with the support of STAT-ConCor  was possible to decide on the 
reliability of the students’ panel (emphasizing the agreement among evaluators 
within the panel), as well as on the connection between the subjective and the 
objective evaluations they carried out for Thin/Thick bipolar attribute (emphasizing 
the level of correlation between the subjective analysis and the objective 
measurement).  
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II.3.4. SENSORIAL COMFORT OF FUNCTIONAL FABRICS FOR 

SMART CLOTHING  
 

 
Clothing comfort is an instant demand both, psychologically and physiologically, for 
the consumers and is  very important in smart and functional fabrics because these 
fabrics are manufactured and used for special purposes [1, 2, 3].  

In the literature there is an agreement about the technical textiles’ definition: “textile 
materials and products manufactured primarily for their technical and performance 
properties rather than their aesthetic or decorative characteristics” [4, 5, 6].  

Functional clothing represents a valuable niche of the technical textiles market, 
characterized by the interdisciplinarity of textiles with medicine, biotechnology, 
nanotechnology, physics, and computing, among others, to meet the multifaceted 
and complex requirements of the user. Functional clothing is specific to the user 
requirements and designed or engineered to meet the performance requirements of 
the user under extreme conditions, as protective clothing, medical clothing, or 
sports clothing, etc. [7].    

The ultimate level of development of functional textiles belongs to the smart textile 
goods. An agreed definition of the smart textiles is that they are intelligent textile 
structures that can sense and react to environmental stimuli (i.e. mechanical, 
thermal, chemical, biological, and magnetic, etc.). In short, the smart textiles were 
designed to include technologies that provide the wearer with increased 
functionality [4-8].  

The subjective perception of clothing comfort involves complex processes which 
comprise a large number of various stimuli from clothing and external environments 
to communicate to the brain via various channels of sensory responses [9]. 

The opening to the functional and smart textiles started in 1990s [10]. However, the 
mechanisms affecting the physiological and psychological characteristics of these 
textile fabrics, which can generate non-pleasant feeling during wearing, is not 
properly explored. Still, more focus was given to the functionality than to the 
comfort to date [11].  

Comfort can be assessed by measuring fabric hand, which is defined as the overall 
handle sensation, when a fabric touches the skin [12]. The fabric tactile sensation 
when touched is mainly dependent on environmental and human activities 
experienced during day-to-day activities [9]. Fingers and palms are mainly used for 
assessing the handle because the highest density of mechanoreceptors (mechanical 
displacement of various tissues in the body) in the glabrous skin is found in the 
fingers and the palms [13]. For fabrics that have a direct contact with the skin, touch 
and tactile properties are prominent figures [14] in determining the handle of the 
fabrics. Therefore, it is important to characterize the tactile sensation of functional 
fabrics during wearing. 
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Fabric-skin contact during wearing applies pressure and vigorous mechanical 
fatigue to the skin which further initiates various mechanoreceptors and produces a 
variety of tactile sensations [15]. The evaluation of fabric hand perception can be 
done using either subjective or objective measurement techniques [16-22].  

The reliability and reproducibility of the subjective evaluation depends upon various 
factors and the panel training is one of them. The test-retest reliability investigation 
has been used to study the completion of the panelists’ training [23, 24]. Repeating 
the training resulted in more reliable and reproducible results. A lot of research 
approached the sensory evaluation of fabric hand which is basically based on a 
tactile perception, is influenced by the panelist´s own experience, age, sex, economic, 
cultural and professional background, fashion trend and national differences [11, 
23-27, 28, 29].  

Fabric finishing contributes to the change in the handle of the fabrics [15, 17]. It has 
been studied that fabric finishing such as heat setting, coating and many chemical 
treatments have an effect on fabric handle properties [29-31]. Smart and functional 
textile fabrics can be produced using various finishing techniques which might affect 
the handle of the fabrics [29-37, 39-41]. 

 
 

II.3.4.1. SENSORY ANALYSIS TRIALS OF FUNCTIONAL FABRICS 
 
 

In this study, a range of functional textile fabrics designed for smart textiles were 
created [38]. Samples were produced by using various finishing and production 
methods such as coating, knitting, screen printing, inkjet printing and 3D printing 
processes.  

The substrate for all the samples, except two of them (samples 7 and 8 from Table 
1), was 100% plain weave polyester fabric with the following average values of the 
main properties: mass per square meter-159 gsm; thickness- 0.3 mm; thread count - 
30 ends/cm and 22 picks/cm, heat set and bleached by the supplier. 

Table 1. Functionality and production details of samples. 
No Functionality Finishing details 
1/A  Photochromic Inkjet printed with 300 dpi;  
2/B Conductive 3D printed with 4% CNT * and PLA** 
3/C Dielectric  3D printed NinjaFlex (0.1 mm thickness) 
4/D Conductive  Inkjet printed with PEDOT:PSS at 300 dpi 
5/E Conductive PEDOT:PSS coated with 200 μm gap height  
6/F Conductive  Screen printed with PEDOT:PSS using 70 mesh size 
7/G Conductive  Cotton/steel knitted fabric (steel: 0.1 mm; 95 Ω/m) 
8/H Conductive  Polyester/copper knitted fabric (copper: 0.1 mm; 2.5 Ω/m) 
9/I Thermochromic  Screen printed with PEDOT:PSS using 70 mesh size 

        * CNT-Carbon Nanotubes, **PLA-polylactic acid 
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From the beginning was assumed that, the tactile properties of these functional 
fabrics may fluctuate, depending on the production techniques, and the production 
details are illustrated in Table 1.  

Since the functional textiles produced for this test were proposed for certain smart 
garment applications which have a direct contact to the human skin, the aim of this 
paper was to assess the tactile properties of the selected functional fabrics using 
skin contact procedure.  

In this paper, only the results of the sensory analysis performed for the sample 5, 
PEDOT: PSS-coated will be presented as a case study.  

The PEDOT:PSS-coated functional fabric was proposed to be used for the production 
of smart military jacket which act as shielding from electromagnetic (EM) radiation.  

This sample fabric was selected due to its flexibility and lightweight and can be 
combined with the smart jacket easily and was produced using coating application 
by a paint applicator gap height of 200 μm. After coating, the fabrics were dried 
within two successive stages at 50oC and 90oC for 30 min, respectively [37]. 

 

• Panelists training for assessing functional fabrics  
 
Panels of four male and six female sensory assessors, with textile background, aged 
between 23 and 54 years, were recruited to conduct the sensory evaluation of tactile 
and thermal properties of the samples.  

Panelists were trained for the functional fabric evaluation: panelists were 
introduced to the definition of the fabric handle, the concept of bipolar attributes, 
the method of assessment, the grading scale, sequence and timing, and procedures 
based on AATCC 5-2011. The subjective evaluation and the training were performed 
in a controlled environment. 

For the training session, the panelists were provided samples which are different 
from the actual samples, but which have tactile sensations such has hard, smooth, 
soft, rough, and flexible, accompanying with demonstrations. The panelists 
discussed to generate sensory terms and moreover, they were provided with certain 
questionnaires which could lead them to generate sensory attributes for a subjective 
evaluation. Sensory attributes were then selected by merging the terms most 
selected by the panelists and eliminating those mentioned only once. and trials were 
conducted to use the prescribed techniques.  

Also, in order to limit the variability of the evaluator’s perception for the sensory 
analysis of functional fabrics, pictures and demonstrations were used to describe 
how to handle the sample before the trial and during the test. There were also 
provided visual and explanatory information on how to assess the bipolar attributes. 
For total hand value (THV), the proposed end use of each functional fabric for the 
smart garment was briefly explained. 
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• Subjective evaluation trials 
 
The subjective evaluations of the functional fabrics were performed using the blind 
subjective evaluation (BSE) and visual subjective evaluation (VSE) techniques.  

For assessing nine functional textile fabric samples were using a 10-point 
structured-line scale for recording bipolar attributes.  For assessing the Total Handle 
Value, THV, a 5-point scale (most uncomfortable, uncomfortable, medium, 
comfortable, and most comfortable) was used and a destination for each product 
was proposed. 

For the BSE technique, a box with two holes for the hands was provided to hide the 
samples from the panelists’ vision during evaluation. 

Two facilitators assigned the samples randomly distributed to each panelist to 
manage all samples; it took an average of 20 minutes for a group test. The test 
sessions lasted 3 days for both BSE and VSE tests, including the training session. In 
each session, BSE and afterwards VSE were conducted.  

For all the samples, sides of the fabric worn next-to-skin were evaluated and each 
fabric sample proposed for specific end-use applications. Stretching and crushing 
more than one time during handling was the difficulty during the test for knitted 
samples. 

Table 2. Bipolar attributes and their rating scales for hand value. 
Abbr. Attributes 0 1 2 3 4 5 6 7 8 9 10 Attributes 

WC Warm  
Extremely 
warm 

    
medium 

    Extremely 
cold 

Cold  

IS Itchy  .     .     . Silky   
SS Sticky  .     .     . Slippery  

RS Rough .     .     . Smooth 
HS Hard             Soft  

TT Thick             Thin  

NCC 
Non- 
compressible 

     
 

     
Compressible 

NSS 
Non-
stretchable  

     
 

     
Stretchable 

HL Heavy            Light 

SF Stiff 
Extremely 
stiff 

    
medium 

    Extremely 
flexible 

Flexible 

 
 
 

II.3.4.2. SENSORY RESULTS ASSESSMENT OF THE FUNCTIONAL 

FABRICS 
 
 

The sensory data can be analyzed using various statistical methods and tools to yield 
results in a tabular or graphical form, which can help to interpret, summarize and 
validate the performance of the human perception towards the subjective judgment 
of the functional fabrics. To qualify the subjective perceptions of the assessors on the 
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tactile comfort of the conductive functional fabrics and to quantify the differences 
between BSE and VSE, all analyses were performed using a statistical tool called 
XLSTAT2017.  

The ability of the panelists to provide grades for the PEDOT:PSS-coated functional 
textile fabrics with various selected attributes depends on the tactile nature of each 
fabric. Therefore, it was important to analyze the results separately for each fabric 
and analyse the correlation between attributes and assessors. In addition to the 
subjective evaluation, the results of other samples are also presented for 
comparison purposes where necessary. 

 
Figure 1. Comparison among sensory data, after BSE. 

 

 
 

Figure 2.  Comparisons among sensory data, after VSE. 
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For the tactile perception assessment of the PEDOT:PSS-coated was analyzed the 
agreement level between panelists (measure the consensus distance) and semantic 
differential test method. 

The sensory data reported by panel analyses of the PEDOT:PSS-coated sample are 
illustrated in Figure 1 and 2, for BSE and VSE assessments, respectively. These 
configurations allowed to recognize strong trends and a typical rating reported by 
each assessor. 

For the blind subjective evaluation (BSE) we can clearly see that panelistthe panelist 
number 10 rated PEDOT: PSS-coated sample above the average value for thick-thin 
and close to the average for other bipolar attributes. The minimum and maximum 
consensus distances recorded were 0.7 and 1.61 for panelist 7 and panelist 10, 
respectively computed for the entire sensory panel. 

Similarly, for the visual subjective evaluation (VSE), it was shown that panelist 2 is 
above the average value of the tactile perceptions reported for hard-soft and close to 
the average value for other bipolar attributes. The minimum consensus distance was 
recorded for panelist 5 which is equal to 0.58 and the maximum distance was 1.51 
for panelist 2. 

Therefore, the reliability of the assessors’ perception can be qualitatively checked by 
observing their sensory results.  

In addition, from Figure 1 was observed that each panelist provided similar grades 
for their sensory perception. Similarly, in the VSE test (Figure 2) certain panelists’ 
perception for each attribute is indistinguishable; the perception is on the same side 
of the bipolar attribute. The panelists showed almost similar preferences for the 
samples that they handled, giving close values of the bipolar attributes. The range of 
the sensory results does not show big variation between rankings and this could be 
a clue of homogeneity within the panel of individuals. 

To study the dependency relation among the panelists during the sensory 
assessment trials, a statistical analysis was made using the Pearson correlation 
coefficient at 95% confidence level, and the results are presented in Tables 3 and 4.           

Table 3. Pearson correlation between panelists using blind subjective evaluation. 
Experts E1 E2 E3 E4 E5 E6 E7 E8 E 9 E10 
E1 1          
E2 0.92 1         
E3 0.64 0.68 1        
E4 0.71 0.67 0.66 1       
E5 0.85 0.84 0.59 0.50 1      
E6 0.91 0.95 0.74 0.75 0.73 1     
E7 0.83 0.87 0.86 0.79 0.65 0.89 1    
E8 0.88 0.86 0.79 0.60 0.91 0.85 0.79 1   
E 9 0.82 0.90 0.63 0.59 0.87 0.80 0.84 0.85 1 
E10 0.82 0.84 0.55 0.58 0.85 0.77 0.71 0.85 0.86 1 

 
As shown in the tables, among the panel of assessors there is a significant 
correlation in both BSE and VSE tests. The strong correlation coefficient between 
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panelists showed that their sensory perception reported as tactile sensation is 
similar. This result indicates that there is a generally agreed concept regarding the 
handle of conductive-coated fabric for each panelist. It appears to be a strong 
correlation (strong consensus) occurring between panelists during the VSE trial, 
even though the correlation in the case of the BSE test was also strong.Based on 
Pearson correlation analysis, the assessors reported significantly correlated 
perceptions for PEDOT:PSS-coated fabric sample.All values are different from 0 with 
a significance level , of 5%. However, there was no significant association between 
the individual perception of panelist 3 and panelist 4 (the highlighted numbers). In 
fact, these weak correlation coefficients are still adequate for the subjective 
evaluation of the PEDOT: PSS-coated textile fabric. All the correlations are positive, 
which indicates that all panelists had the same kinds of sensory perceptions on the 
bipolar attributes for this fabric. Therefore, the linear associations between panelists 
were significant when the conductive-coated fabric was assessed by BSE procedure.  

Table 4. Pearson correlation between panelists using visual subjective evaluation. 
Experts E1 E2 E3 E4 E5 E6 E7 E8 E 9 E10 
E1 1         
E2 0.76 1        
E3 0.62 0.51 1        
E4 0.92 0.76 0.75 1       
E5 0.95 0.75 0.71 0.94 1      
E6 0.82 0.67 0.81 0.82 0.90 1     
E7 0.71 0.31 0.59 0.67 0.78 0.80 1    
E8 0.90 0.61 0.56 0.88 0.90 0.72 0.67 1   
E 9 0.83 0.65 0.91 0.89 0.91 0.89 0.67 0.80 1  
E10 0.88 0.67 0.87 0.92 0.93 0.87 0.77 0.86 0.96 1 

 
In a comparable way, it can be noted that the correlation coefficient indicated that 
there is a strong association between panelists during visual subjective evaluation. 
However, a few (highlighted in Table 4) weak associations were still observed. In 
fact, the visual subjective evaluation recorded better correlation values than that of 
the blind subjective evaluation, when compared. 

Therefore, the correlation coefficients for both test procedure (BSE and VSE) were 
strong enough and indicates that each panelist provided a clear consistency in 
evaluating the functional textile fabrics. Moreover, the subjective evaluation could 
be used to predict the sensory profiles, which can be further used as a quality check 
support for the functional and smart textile developers, manufacturers, and 
finishers. The persistent correlations between the panelist’s perceptions indicate 
that subjective evaluation could be used for the quality assessment of PEDOT:PSS-
coated fabrics.  

A semantic differential plot was used to observe the differences between the sensory 
data provided by each panelist for a given bipolar attribute, and the results are 
shown in Figures 3 and 4, for the BSE and VSE tests, respectively.  

This type of graphical output from the sensory data analysis (which is available from 
XLSTAT statistical software tool of Microsoft Excel package) provides a powerful 
method of representing and comparing the abilities of panelists, in a two-
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dimensional semantic differential map in which the values given by each panelist for 
every bipolar attribute were evaluated. 

 
Figure 3. Semantic differential chart using blind subjective evaluation. 

 
Semantic differential analysis proves consistency between panelists except for a few 
ones. For example, in the warm-cold bipolar attribute, only panelist 9 shows 
discrepancy among all panelists; in the thick-thin attribute, panelist 3 shows a slight 
difference, otherwise, all panelists fall in the same direction, see Figure 3. 

 
Figure 4. Semantic differential chart using visual subjective evaluation. 

 
Similarly, the semantic differential chart for visual subjective evaluation test shows a 
strong agreement between the panelists on each attribute. Only a minor difference 
was observed in warm-cool (WC) attributes on panelist 5, and hard-soft (HS) 
attributes on panelist 2. The semantic differential chart seems somehow redundant 
to that of the consensus distance between panelists. However, in the semantic 
differential chart are displayed values rather than the distance between panelists. 
Here, the snake-shaped area inside the chart can be taken as a quality zone or 
control chart as per the subjective evaluation. Therefore, this chart is not only giving 
the grading of the bipolar attributes but can be an informative tool for the functional 
textiles producers by providing them the values of specific sensory attributes. 
Hence, a functional textile fabric produced according to this control chart can be 
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considered as comfortable for wearing. The clear snake-shaped chart is shown in the 
VSE method such that panelists can easily perceive the PEDOT:PSS-coated fabric 
hand when seeing it. The visualization of the sensorial perception of this fabric can 
be clearly analyzed by plotting the differences between individuals’ feelings for a 
given bipolar attribute. The ratings of panelists fall on one side of the bipolar 
attribute for VSE; therefore, this procedure is preferable to BSE in a subjective 
evaluation of functional fabrics designed for smart textiles.  

In order to carry out the subjective evaluation for the quality check of functional 
fabrics, additional analysis was needed. The ability of panelists to assess fabrics 
clearly depends on the particular bipolar adjectives being assessed. The average 
value can give a complete idea whether BSE and VSE tests can give the same kind of 
result or not.  

To prove the correlation between the mean overall hand values obtained by average 
blind subjective evaluation (AV-BSE) and the average visual subjective evaluation 
(AV-VSE) the results of Pearson correlation analysis are shown in Figure 5. 

Based on the correlation analysis, a correlation coefficient of 0.88 was found 
between the average values of BSE and VSE tests, at 95% confidence level. All data 
points lie inside the ellipse which indicates that values are close to the regression 
line. This again gives the information that the panelists reported a similar 
perception of the comfort sensations, based on bipolar attributes, during both BSE 
and VSE tests.  

 

 
Figure 5. Correlation between averaged valued of BSE and VSE test. 

 
 
In order to draw the sensory profile data of each sample, the product 
characterization was performed. A comprehensive presentation for all attributes of 
functional fabric products could be important for new products’ successful 
development.  

Based on the perception and the skills of the panelists, the data are presented by 
means of biplot generated as PCA analysis results, in Figures 6 and 7. This data can 
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be used for the evaluation and control of similar products of functional fabrics for 
smart fabric application that supported the same production technique. And this can 
be helpful for the functional fabric industries to use for the development and quality 
control purposes. 

 
Figure 6. Sensory profile data for the BSE test. 

 

Figure 6 is especially important to defining the conductive sample (number 5 in 
Table 1). After BSE , the bipolar attributes  thick-thin, stiff-flexible and heavy-light 
are associated to coefficients that have a significant positive value while non-
stretchable-stretchable is associated to a coefficient that has a significant negative 
value. Therefore, the conductive-coated fabric is found to be thin, flexible, light, and 
non-stretchable. 

In a similar way, in the case of VSE trials, the sample 5 was  found to be a flexible, 
thin, light, and non-stretchable fabric since it has a positive coefficient on SF, TT, and 
HL and a negative coefficient on NSS.  Overall, the sensory profile data shows 
consistency between BSE and VSE observations, with a few exceptions for the 
selected functional fabrics.  

All products lie on the same side of the biplot drawn using product characterization 
(XLSTAT2017) at 95% confidence level, for sensory profiles obtained by applying 
the principal component analysis PCA.  

These sensory profiles could help functional and smart textile manufacturers and 
developers in decision making during developing, finishing, manufacturing of these 
fabrics.  
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Figure 7. Sensory profile data for the VSE test. 

 
Summarizing, the aim of this study was to find an easy to apply strategy for the 
subjective evaluation of functional textile fabric, to be used to produce smart fabrics 
and, in addition, to provide the overall sensory profiles for the smart textile 
developers and manufacturers, so that they can further produce comfortable smart 
fabrics. The statistical analysis showed that the level of agreement among the 
panelists regarding the attributes was high enough for the subjective sensory 
analysis. Comparative analysis between blind and visual subjective methods was 
made and particularly, the VSE provided better results in terms of panelist 
consistency when compared to the BSE. It was found that for the functional fabric 
samples, the non-compressible-compressible, non-stretchable-stretchable, stiff-
flexible, and hard-soft attributes are the easily perceptible bipolar attributes, while 
heavy-light and thick-thin are the most difficult ones to be assessed.  

This study was the first step toward the handle specifications of a functional textile 
product and consumer perceptions. Like other textile products where sensory 
analysis is already used, the handle sensory analysis technique approached by 
means of BSE and VSE can be a complementary method for the specification, 
prediction, and control of functional fabrics' quality, and an easy accessible strategy 
for the smart clothing industry. 

The integration of sensory analysis has not yet started for the smart and functional 
textile product development Therefore, this study can help solve the designers’ 
constraint for new design process as well as to fulfill the consumers’ perception in 
terms of the sensorial comfort at wear. 
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B. SCIENTIFIC, PROFESSIONAL AND ACADEMIC PLANS FOR 

CAREER DEVELOPMENT  
 
After four years of practice as a textile engineer in the industrial production, I 
started my university career 30 years ago, in the higher education institution where 
I am still active – the „Gheorghe Asachi” Technical University in Iasi, in the 
Department of Engineering and Design of Textile Products within the Faculty of 
Industrial Design and Business Management. 

Constantly, I wish to develop my academic career in the field in which I‘m 
specialized and, to succeed in achieving this, I plan to upgrade my professional 
profile on the principle of consistent and continuously improving. 

 

I. TEACHING FUTURE WORK 

 
From the granting of the first to the latest didactic title, I have carried out teaching 
activities as a course holder for a group of 13 disciplines, six of which have remained 
in recent years. I have developed a number of seven new disciplines, in directions 
not previously developed. 

During the specified period, I developed as sole author, first author and co-author, 4 
monographs and/or chapters published in technical books, and 5 manuals; 5 
courses published on the faculty's Moodle e-learning educational platform, and 6 
application books for laboratory activities of the disciplines I manage.  

In the context created, for the next period (medium and long term) I intent to 
increase my contribution to the development of teaching materials for Metrology 
and Textile Testing within the curricula of our BSc program in English, namely 
Industrial Design. In my opinion, these resources are essential for the proper 
development of future teaching projects, by involving incoming students from 
abroad. 

Regarding my own training activities involvement, I assigned significant importance 
to personal ongoing learning through specialized programs for professional skills 
acquired in my field of interest or in related fields. Between 2009 and 2019, year by 
year, I achieved 11 certifications issued by accredited bodies after graduating the 
training courses: Trainer of trainers; Project Manager; Quality specialist; Quality 
management systems trainer; Quality management systems auditor; Testing and 
calibration laboratories requirements trainer; Testing and calibration laboratories 
internal auditor; Higher education quality expert; Quality auditor; Key skills 
common to several professions: communication in English. To maintain myself in 
the current trend of IT&C support for teaching and from the desire to effectively 
apply the principle of student-centered education, I got the knowledge for trainer 
skills in blended learning, to apply modern educational technologies and to use the 
communication techniques and tools for the teaching activities. 

Concerning the institutional contributions, starting from 2006 I have rehabilitated 
and equipped the Textile Metrology Laboratory, from our faculty. It was a consistent 
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and constant involvement for the improvement of teaching and research 
infrastructures within this laboratory, as follows: the complete rehabilitation of the 
Textile Metrology Laboratory within the Engineering and Design Department of 
Textile Products, creating a modern space within the faculty, facilitating the teaching 
and research activities at an upper level, both for students and teachers; providing 
high-performance testing equipment for the laboratory; providing the laboratory 
with computers, scanner, and video projector, a wide collection of national and 
international standards for textiles, for quality management system, for testing and 
calibration laboratories and also with educational software tools. 

For the next period (in the medium and long term) I intent to increase my 
contributions to the development of teaching activities in my group of disciplines, by 
implementing new functional laboratory systems, useful to students of the bachelor 
and master study programs. 

I also consider continuously improving the infrastructure of the textile metrology 
laboratory with test equipment which will give consistency to laboratory work and 
will provide the foundation for research activity on different categories of textiles – 
technical, functional and intelligent. 

Next to teaching, my didactic activities included mentoring students scientific circles 
together with other teachers („Textile for the 3rd Millennium”, 2008-2009; 
„Ecotextiles & Sustainability”, 2013-2014; „The circle of quality: sensory evaluation 
of textile materials”, 2016-2017; „The circle of quality: standardization in the 
measurement processes of textile products”, 2018-2019. In addition, I was involved 
with master students tutoring activities for dissertations, by facilitating 
collaborations with highly competitive textile companies and also integrating our 
graduates into the job market. 

My involvement in the international academic community and the activity of certain 
educational projects was beneficial to my training as a teacher, but also to the 
training of my students.  

Thus, by participating in the Erasmus + teacher mobility program, I benefited from 9 
teaching grants over the 2012-2019 period, held in the faculties of partner 
universities: Gabrovo - Bulgaria, Liberec - Czech Republic, Riga - Latvia, Ege -Turkey, 
Kaunas - Lithuania, Athens - Greece and Ghent - Belgium.  

For documentation, I have attended international events and exhibitions: the 
International fair Techtextil 2017, Frankfurt, Germany; the International Exhibition 
of Textile Machinery ITMA 2015, Milan, Italy; the International Exhibition of Textile 
Machinery ITMA 2011, Barcelona, Spain.  

I was and still am involved in five educational projects as a team member: E-
Learning Course for Innovative Textile Fields/Advan2Tex/2014-2016; Online 
Training School for Machine Carpet Weaving/e-Carpet-School/2014-2016; Matrix of 
knowledge for innovation and competitiveness in textile 
enterprises/TexMatrix/2016-2018; Smart textiles for STEM 
training/Skills4Smartex/2018 – 2020 and Skills for Smart Textile, Clothing, Leather 
and Footwear Industries 2030/Skills 4 Smart TCLF/2018-2021. 
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For me, these activities will permanently be opportunities to develop collaborations 
with the academic community within the international community and, at the same 
time, a chance to develop my teaching skills in an international and multicultural 
environment. 

 

II. RESEARCH THEMES AND TEAM NETWORKING OBJECTIVES  
 
 

The development of an academic career in the field of textile engineering and 
industrial design also implies for me a deep scientific activity, in order to preserve 
the connections with the extremely fast pace of the innovations in textile processing 
and the conformity assessment of processes and products. The demand of new 
textile materials and products with special properties requirements for specific end-
uses is by far an actual and wide research topic. 

After obtaining the Doctor of Science title, my personal achievements regarding the 
published research results consist in over 100 scientific papers published as sole 
author, first author and/or co-author, as follows: 5 articles published in WOS 
journals, with impact factor (3 of them in the „red area”), 17 articles published in 
volumes of scientific events indexed as ISI Proceedings, 22 articles published in 
international databases BDI or recognized by CNCSIS, 6 articles published in 
volumes of scientific manifestations indexed in other BDI and 84 articles published 
in volumes of international scientific events, not indexed in databases. 

I will continue to deal with new topics of study in the field of industrial engineering, 
and the research results will be disseminated by publishing in WOS  international 
journal, as well as in volumes of international scientific conferences. 

From 1999 to this day, I paid particular attention to the research activity, carried out 
within the framework of the research projects development by means of 
contract/grant basis, by being: project director of a national grant (2005), project 
director of the research contracts with companies from industry (2006, 2019), 
member of the international research team on grants (1 project participation during 
the 2002-2003 period and in four Erasmus projects + international educational 
programs) and member of the national research teams on grants/projects (3 PN II 
and 2 CEEX; participation during the 2003-2011 period). 

The topics of interest approached in my scientific research activity are as follows: 

• Development and implementation of the textile quality assurance strategies 
by means of control and inspection of textile products belonging to a wide range of 
destinations: yarns for technical textiles; technical and non-technical fabrics; non-
woven; sewing threads for technical and non-technical applications; medical 
stockings and medical products with anti-allergic finishing treatments. 
•  Optimization of mixtures in spinning mill and optimization of the processing 
in cotton spinning mill, in correlation with the existing infrastructure. 
• Inspection of fabrics defects: development of the strategy for the 
identification and classification of denim fabrics defects, reduction of non-quality 
costs by selecting the key factors generating defects in textile materials. 
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• Textile quality assurance through sustainable strategies for textile waste 
recycling 
• Strategies for conformity attestation for technical textiles. 
• Sensory evaluation of textile materials for comfortable garment and of 
functional textile materials for design and engineering smart textile products. 

My future concerns in running a successful Ph.D. supervising activity, will be 
oriented towards the identification of new research directions according to the 
international topics and insuring favorable conditions for: research infrastructure, 
potential partnerships, multidisciplinary research team with converging skills.  

Nowadays, the digitalization and sustainability are the pillars of a competitive 
activity, thus are topics of interest for research. To this respect and to strengthen the 
relations between higher education institutions and the textile industry, through the 
everlasting feedback regarding the effectiveness of the education related to the main 
topic of global interest, some projects idea can refer to: 
• Training key competencies for international qualifications in testing and 
quality assessment of technical and non-technical textiles; 
• Education and training for the quality circles development as a successful and 
sustainable business tool; 
• Training key competencies for international qualifications in the sourcing 
management throughout the overall textile supply chain 
 
 

III. CONTRIBUTION TO INCREASING THE DEGREE OF THE 

FACULTY OF INDUSTRIAL DESIGN AND BUSINESS 

MANAGEMENT VISIBILITY 
 

During the period following the granting of the last teaching title, I had numerous 
participations in scientific events, attending mostly WOS and BDI indexed 
international conferences, with both poster and oral presentations: Aegean 
International Textile and Advanced Engineering Conference (AITAE 2018), Greece; 
the 17th World Textile Conference of the Association-of-Universities-for-Textiles 
(AUTEX 2017), Greece; the eRA-11 International Scientific Conference, 21st-23rd of 
September, 2016, Pireus, Greece; the 16th AUTEX World Textile Conference 2016, 
June 8–10, 2016, Ljubljana, Slovenia; the ATCC 2015 International  Conference, 
Savannah/Georgia USA, 2015; the 47th International Federation of Knitting 
Technologists Congress, Izmir/Turkey 2014; the 13th International Izmir Textile And 
Apparel Symposium, Turkey 2014 ; the International Textile, Clothing & Design 
Conference, Dubrovnik 6th ITC&DC-2012 Croatia;  the 4th ITC&DC-2008 Croatia; the 
International Conference on the Management of Technological Changes, 
Alexandropoulos 7th MTC-2011 Greece; the International Scientific  Conferences of 
Technical University from Gabrovo, Bulgaria: UNITECH’04, UNITECH’05; 
UNITECH’06 UNITECH’07 UNITECH’08, UNITECH’09, UNITECH ’10. 
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Regarding the question of the impact of the scientific research recognition, some 
details can shape an overall academic profile. Therefore, certain scientific and 
academic achievements are summarized below. 

Awarding research results for published articles within Human Resources 
Competition: 
PNII-II-RU-PRECISI-2008_2: COD CNCSIS 60, and PNII-II-RU-PRECISI-2010_4: COD 
CNCSIS 755. 

Expert-evaluator for research projects evaluation for Priority Areas Partnerships 
Program “ Applied Research Collaborative Projects”:UEFISCDI_PN-II-PT-PCCA-2011-
3 and UEFISCDI_PN-II-PT-PCCA-2013-4 . 

Scientific reviewer for WOS and BDI Journals: Textile Research Journal, The Journal 
of the Textile Institute, Journal of Industrial Textiles, Journal of Engineered Fibers 
and Fabrics, Journal of The Institution of Engineers –Springer , and International 
Journal of Fashion Design, Technology and Education . 

Professional associations’ membership: Member of The Textile Institute, 
Manchester, UK; Member of The American Association of Textile Chemists and 
Colorists, USA; Member of AGIR, Romania; Member of ASITEX, Iasi, Romania; 
Member of ResearcherID LABS Thomson Reuters; Member of ResearchGate.  

And, last but not least, I am a member in the management structures of the 
„Gheorghe Asachi” Technical University and of the Faculty of Industrial Design and 
Business Management, since 2012 to present day. 

My sustained efforts towards publishing the results of the research activity, achieved 
a good feedback and international recognition, by 83 citations in the databases, as 
follows: 21 citations in Web of Science (h = 3), 27 citations in SCOPUS (h = 3) and 35 
citations in Google Scholar (h = 5). 

As a permanent objective for the next period, I intent to be consistent with regard to 
participation in prestigious international conferences and other scientific events 
organized in the textile community, worldwide. As the activity conducted so far 
shows, a frequent and constant participation in such events is favorable to a 
continuous improvement of academic concerns, facilitating the collaboration and 
exchange of professional knowledge. These actions aided the development of skills, 
in general, the strengthening of my professional experience, in particular, and, 
finally and above all, provided contacts in the top international university 
environment. 

In order to improve my professional prestige, I believe that by creating favorable 
premises, it is possible to achieve the outlines of „national and international 
scientific visibility” by correlating the teaching activities with research interests, in a 
reasonable way. 

Finally, I expect that the development of my university career will also contribute to 
increasing the visibility of the Faculty of Industrial Design and Business 
Management, within the Technical University „Gheorghe Asachi” in Iasi. 
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