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ABSTRACT

The aim of this study is to discuss recent sustainability developments in the textile industry and to
explore the disclosures of textile and apparel companies in Turkey. The economic, environmental and
social sustainability disclosures of 34 companies were analyzed in relation to Global Reporting
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Initiative (GRI) standards. The results of the analysis revealed that the most frequently mentioned

sustainability issues were related to employees, water, product, market, supplier, education,
economic, energy and waste. A majority of companies provided economic disclosures about
economic performance and anti-competition; environmental disclosures about water and effluents and
energy; and social sustainability disclosures about training, education, employment, health and safety,

diversity and equal opportunity, marketing and labeling.

1. INTRODUCTION

Global warming and other climate changes alongside rising
scarcity of natural resources due to increasing population,
mass production and consumption needs have promoted
more prominent sustainability practices in the textile and
apparel industry as it has had in other sectors. Additionally,
sensitivity and the demands of an increasing number of
environmentally conscious consumers in markets can be
expected to significantly affect sustainability applications.
Realizing the importance of sustainability Turkish Clothing
Manufacturers published Ufuk 2030 in April 2016 in order
to inform and guide companies in Turkish textile and
apparel industry. Some of these foreseeable effects of
sustainability, for textile and apparel manufacturers, can be
summarized briefly under five main categories: raw
materials, production, supply chain, standards, and
regulations and brands [1].

Textile and apparel industry,
sustainability disclosures,
economic sustainability,
environmental sustainability,
social sustainability, GRI

i. Raw Materials: Textile manufacturers prefer natural
raw materials, such as cotton and linen, as they are
considered healthier. However, obtaining them requires the
consumption of precious natural resources, such as water.
Global irrigation of cotton fields consumes approximately
2.6% of the Earth’s annual water resources, which
significantly increases the risk of drought, especially in
Central Asia. Additionally, artificial fertilizers and
pesticides have long-lasting harmful effects on the
environment. Therefore, the Better Cotton Standard has
been developed for more responsible farming, including
every step in cotton production, from sowing and growing
to picking and harvesting [2]. This standard is used by
various international brands in their supply chains,
including Adidas, H&M, IKEA, Levi Strauss & Co., M&S
and Nike. Accordingly, the use of cotton in the textile
industry is expected to drop to 18.5% in 2030 from 38% in
2008 whereas the share of polyester is expected to rise to
61% in 2030 from 36.6% in 2008 [1].
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ii. Production: Many chemicals are used throughout the
textile manufacturing process. Natural raw materials and
products require washing before, during and/or at the end of
the production cycle, which cause significant unproductive
water consumption and significant amounts of effluent
water. Manufactured fibers use less water, although they
produce greater greenhouse gas emissions [3]. Moreover,
manufactured fibers are recyclable, which can reduce the
unproductive consumption of natural resources and
significantly reduce industrial waste. Sustainability
concerns and practices have also shifted scientific studies
and technology for the textile and apparel industry [4].
Authorities in the textile and apparel industry globally are
striving to create a new foundation by increasing
competitiveness and efficiency in operational activities,
including resource utilization, as well as by promoting
social and environmental consciousness. As a result,
changes are expected in consumer preferences towards
more environment-friendly renewable and recyclable
products. Fibers and fabric recycling can be used in
numerous applications, such as soil reinforcement, filtration
systems, compositing, acoustics and building insulation [5].
Fashion authorities and society in general are expected to
demand a slower pace in fashion trends in the future in
order to promote longer use of products and second-hand
product consumption. Clothes are being reused in a
growing number of ways, such as repurposing as fancy
dress or dusters, selling, exchanging and donating [5].

iii. Supply Chain: Working with local suppliers when
possible is expected to be one of the most important factors
in supplier selection as it offers several benefits. Firstly, it
minimizes transportation distances, which decreases carbon
emissions. Secondly, it is easier to obtain improved
transparency and monitoring practices in supplier relations.
Nevertheless, geographical distance is not the only factor to
consider while selecting supplies. First, the required
supplies may not be available from local suppliers or they
may not be sufficiently sensitive about sustainability
practices and/or eager to adopt them. Second, the prices
offered by local suppliers may not be favorable and
compromised solely for the purpose of sustainability.
Finally, building sustainable relationships that promote
transparency and continuous cooperation may not be
possible with local suppliers. However, it is possible to
integrate operations through current information technology
in order to improve mutual transparency and control
applications with suppliers. Thus, the Sustainable Apparel
Coalition, a cross-brand initiative, developed its Higg Index
for evaluating fiber and fabric efficiency, and improve
supply chain performance industry-wide [4, 6]. Applying
the most suitable approaches when working with suppliers
worldwide, such as preferring rail transportation over
alternatives whenever possible, can contribute both to more
efficient resource use and to further improvements in
operational efficiency and reduced carbon emissions.

iv. Standards and Regulations: The number and scope of
standards and regulations aiming to enhance sustainability
practices has been increasing continuously. As people
become more knowledgeable, they become more sensitive
and environmentally conscious while legal authorities,
foreseeing  the  consequences of socially and
environmentally irresponsible behavior, continue to set
more and stricter standards, and expand the scope of
relevant laws and regulations. Standards and regulations,
especially in the areas of worker and workplace safety,
energy consumption, carbon emissions and waste
management, are expected to become critical for
sustainability in the textile industry, as in other sectors.

v. Brands: Textile and apparel retailers play very
important roles due to their ability to create and improve
consumer awareness of sustainability, and to influence their
opinions and preferences [7, 8]. In their future sustainability
practices, companies aiming at greater brand recognition
and customer loyalty are expected to act with great
responsibility to promote these practices in the following
areas:

* Manufacturing and servicing cycles

» Selection of suppliers and raw materials

+ Design of product and production processes
*  Worker and work place safety

* Social and environmental consciousness

» Selection of methods for transportation, presentation/
packaging and sale of products

* Monitoring consumption and promoting recycling/
renewing practices of both raw material and products

This study discusses recent sustainability trends in textiles
by analyzing the economic, environmental and social
sustainability disclosures of textile and apparel companies
in Turkey. Specifically, the economic, environmental and
social sustainability disclosures of 34 companies were
analyzed in relation to the Global Reporting Initiative
(GRI) using content analysis.

2. LITERATURE REVIEW

The most widely-used definition of sustainable
development is that introduced by the World Commission
on Environment and Development (1987) as “development
that meets the needs of the present without compromising
the ability of future generations to meet their own needs”
[9]. Previous studies of the textile industry in Turkey have
included sustainable textile production [10], and waste
management and recycling [11-13]. According to Eser et al.
[12], sustainability practices in fashion should consider
product life cycle designs with creative ideas and
applications in the areas of product design, production,
logistics, retailing, usage and recycling. Accordingly,
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product life cycle design is favored in sustainability
applications rather than product design. Furthermore, to
achieve sustainability in the textile industry, efforts should
focus on 3R and 4R concepts, whereby 4R adds rebuy to
reuse, reduce and recycle, as previously suggested by the
3R approach. 4R emphasizes the importance of rebuying
products already produced by reusable and/or recyclable
material. Ar and Tokol [14] claim that well-organized and
successfully-applied environmental and social sustainability
practices generate greater benefits, such as increased
operational efficiency and profitability, improved
perceptions of company image, corporate trust, brand and
customer loyalty in the market, increased ability to recruit
better-qualified staff, improved employee satisfaction and
organizational  commitment, improved shareholder
satisfaction, and generating more diverse and favorable
financing alternatives. Despite these advantages, Kusku
[15] found that Turkish textile companies do not generally
seem to have an organizational structure for conducting
environmental social sustainability activities. Instead,
because they perceive environmental sustainability
activities as cost-raising factors, they conduct them through
quality coordination departments.

Since the 1990s, a growing number of companies have
issued voluntary sustainability disclosures, including those
in the textile and apparel industry [16, 17]. These
disclosures address issues concerning the economic,
environmental and social dimensions of corporate
performance [18, 19]. Kamal and Deagan [16], for
example, found increasing disclosure of social and
environmental governance information in Bangladesh’s
textile and garment companies’ annual reports from 1996 to
2009. They argued that the reason for this increase was to
satisfy powerful stakeholders, such as global textile and
clothing companies. Kozlowski et al. [17] identified
reported indicators in corporate sustainability reports, other
documents and web sites of 14 apparel brands belonging to
the Sustainable Apparel Coalition (SAC).

The Global Reporting Initiative’s (GRI) sustainability
reporting  guidelines [20], developed through the
involvement of multiple stakeholders, appear to be the most
widely accepted and influential among companies globally
[21]. GRI standards aim to create a common language for
organizations and stakeholders regarding economics,
environmental and social issues. Various researchers have
investigated the GRI sustainability indicators disclosed by
different industries [22] across countries including Canada
[19], Netherlands [23], Spain [24] and Greece [25]. They
found several trends in the results. Overall, for instance,
economic indicators focusing on financial issues,
environmental indicators focusing on energy and water,
social indicators focusing on labor practices were widely
reported [19]. Furthermore, the indicators reported, and
their frequency varied across industries. The present study
provides one of the first analyses of the GRI indicators used

in corporate sustainability reports in the textile and apparel
industry in Turkey.

3. MATERIAL AND METHOD

This study analyzes the sustainability performance of the
Turkish textile and apparel industry in terms of the GRI
sustainability indicators. The research question investigated
is: “What GRI sustainability indicators are currently being
disclosed by Turkish textile and apparel companies in
Turkey?” The disclosures of the companies were analyzed
using content analysis, which has been widely used in
previous studies investigating sustainability reports [16, 17,
19, 23]. The analysis is based on determining the presence
or absence of particular information in a given subject [23,
26]. The intent of the analysis here was to identify all the
GRI sustainability indicators reported by companies. The
sample was chosen from textile and apparel companies
listed in Turkey’s Top 500 Industrial Enterprises 2017
Survey [27] and Borsa Istanbul Textile and Leather Index —
XTEKS [28]. Among 184 textile and apparel companies,
34 (18%) issued sustainability disclosures. Data was
collected from recent disclosures in the companies’
sustainability reports, corporate social responsibility (CSR)
reports, annual reports and corporate websites, as
summarized in Table 1.

Table 1. Distribution of sustainability disclosure types from
Turkish textile and apparel companies

Sources of sustainability disclosures No. of companies

Sustainability reports 9
Corporate social responsibility reports 1
Annual reports 12
Websites 12
Total 34

Table 2 presents the breakdown of the international
standards used by the selected companies. A majority use
ISO as their quality certificate, followed by GRI and
OEKO-TEX, while 16 companies adopted the GRI
sustainability standards.

Table 2. International quality certificates and standards adopted
by Turkish textile and apparel companies*

International quality certificate
and standard

No. of companies

ISO 24
GRI 16
OEKO-TEX 13
OHSAS 11
GOTS 6
USTER 2
BELCORO 2
CERES 1
ISPA 1
LEED 1
GLOBAL GAP CERTIFICATE 1

* Descriptions of the abbreviations are given in Appendix 1.
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To provide a basis for the content analysis, keywords were
identified from GRI topic-specific standards related to
economic, social and environment issues. The frequency
counts of keywords and frequency analysis, shown in Table
3, were collected using dictionary-based NVivo software,
thereby eliminating errors from multiple inputs of the data
[29]. The content analysis was conducted according to
issues highlighted by Burla et al. [30] and Elo et al. [31] to
improve the reliability of the analysis. The limitation of this
study is that it focuses on the sustainability disclosures of
the companies. Further studies including surveys and case
analysis can be conducted to explore the sustainability
practices of textile and apparel companies in Turkey.

4. RESULTS AND DISCUSSION

This section discusses the results from the content analysis
of the sustainability disclosures of textile and apparel
companies. The first part of the research determined the
GRI topic-specific standards, related keywords and phrases.
The frequency results of the keywords and phrases are
reported in the last column of Table 3. The italicized words
represent more general and comprehensive concepts related
to GRI standards. There were 6 topic-specific standards
related to economic issues, 8 topic-specific standards
related to environmental issues and 19 topic-specific
standards related to social issues. According to the results,
general and comprehensive keywords (italic words) were
more frequent than topic-specific keywords. For instance,
the frequency of employee was 7, which means it was
repeated more than 1,500 times while the frequency of

water was 5 (repeated between 1,000 and 1,249 times). The
frequencies of employee right / benefits, and customer and
product were 4 (repeated between 750 and 999 times). The
frequencies of market, supplier and education were 3
(repeated between 500 and 749 times). The frequencies of
economic, energy, waste, community and public were 2
(repeated between 250 and 499 times). The frequencies of
other keywords and phrases included in the analysis were 1
(repeated between 0 and 249 times).

The second part of the research analyzed the percentages of
companies disclosing GRI economic, environmental and
social standards, according to the occurrences of the
keywords given above. Figure 1, which presents the
percentages of companies disclosing GRI economic
standards, shows that a majority of the companies had
sustainability disclosures about economic performance
(74%) and anti-competition (65%). In contrast, only a few
companies made disclosures about anti-corruption (29%).
Figure 2, which presents the percentages of companies
disclosing GRI environmental standards, shows that a large
proportion of the companies made sustainability disclosures
about water and effluents (82%) followed by energy (68%)
and supplier environmental assessment (62%). However,
only 12% made disclosures about environmental
compliance. Figure 3, which presents the percentages of
companies disclosing GRI social standards, shows that
most companies made sustainability disclosures about
training and education (88%), and employment (85%)
while 74% made disclosures about occupational health and
safety, diversity and equal opportunity, marketing and
labeling. In contrast, none made disclosures about supplier
social assessment and socioeconomic compliance.

Table 3. Frequency of selected issues in the sustainability disclosures of Turkish Textile and Apparel companies*

GRI Code  Topic specific standards Frequency of GRI topic specific keywords**
GRI 201 Economic performance economic (2), direct economic (1), climate (1), benefit plan (1), financial assistance (1)
GRI 202 Market presence market (3), entry level wage (1), local senior manager (1)
GRI 203 Indirect economic 1mpacts infrastructure (1), indirect economic (1)
GRI 204 Procurement practices local supplier (1)
GRI 205 Anti-corruption corruption / bribery (1), anti-corruption policies, (1), incidents of corruption (1)
GRI 206 Anti-competitive behavior competition (1), anti-competitive behavior (1), trust (1), monopoly (1)
GRI 301 Materials weight/volume (1), recycled input (1), reclaimed product (1)
energy (2), internal energy consumption (1), external energy consumption (1), ener;
GRI 302 Energy inteI;gs}i}t}C () 1), energy redfc};ion 1), elilergy(rgduction of proi}llcts (1) b @ &
GRI 303 Water and effluents water (5), water withdrawal (1), water discharge (1), water consumption (1)
GRI 304 Biodiversity protejcted area (1), impact of activities and products (1), protected habitat (1), red list
species (1)
Direct greenhouse gas (GHG) emissions (1), energy indirect GHG emissions (1), other
GRI 305 Emissions indirect_GHG emissions (1), GHG emission intensit}_/ D), redugtion of GHG gmissions
(1), emission of ozone depleting substances (1), nitrogen oxide, sulfur oxide, other
airborne emissions (1)
effluent (1), waste (2), water discharge quality and destination (1), waste type and
GRI 306 Effluents and waste disposal method (1), significant pills (1), transport of hazardous waste (1), affected
water bodies (1)
GRI 307 Environmental compliance non-compliance with environmental laws and regulations (1)
GRI 308 Supplier environmental supplier (3), selecting new suppliers using environmental criteria (1), negative
assessment environmental impacts on supply chain (1)
Table 3. Continued
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GRI Code

Topic specific standards

Frequency of GRI topic specific keywords**

GRI 401
GRI 402
GRI 403

GRI 404

GRI 405
GRI 406
GRI 407
GRI 408
GRI 409

GRI410
GRI 411

GRI412

GRI 413

GRI 414
GRI 415
GRI 416

GRI 417

GRI 418
GRI 419

Employment
Labor/management relations

Occupational health and safety
Training and education

Diversity and equal opportunity

Non-discrimination

Freedom of association and
collective bargaining

Child labor
Forced or compulsory labor

Security practices
Rights of indigenous peoples

Human rights assessment
Local communities

Supplier social assessment
Public policy

Customer health and safety

Marketing and labeling

Customer privacy

Socioeconomic compliance

employee (7), new employees, employee turnover (1), full-time employee rights
and benefits (4), parental leave (1)

minimum notice periods (1)

no. of workers covered by occupational health and safety system (1), work related
injuries (1), work related ill health (1)

education (3), hours of training (1), employee skill programs (1), employee regular
performance and career development reviews

diversity of governance bodies and employees (1), ratio of remuneration of women
to men

incidents of discrimination and corrective actions (1)

operations and suppliers in which the right of freedom of association and collective
bargaining may be at risk (1)

operations and suppliers at significant risk for incidents of child labor (1)

operations and suppliers at significant risk for incidents of forced or compulsory
labor

trained security personnel (1)
incidents of violations involving rights of indigenous people (1)

operations subject to human rights reviews (1), employee training on human rights
(1), significant investment agreements including human rights (1)

community (2), operations with local community (1), operations with potential
negative impacts on local communities (1)

selecting new suppliers using social criteria (1), negative social impacts on the
supply chain (1)

public (2), political contributions (1)

customer (4), health and safety impacts of products (1), incidents with non-
compliance concerning the health and safety of the products (1)

market (3), product (4), requirements for product information labeling (1),
incidents of non-compliance concerning product information labeling (1), incidents
of non-compliance concerning marketing communications (1)

complaints concerning breaches of customer privacy and losses of customer data
(1

non-compliance with laws and regulations in the social and economic area (1)

* Each level on the scale represents the total number of words as follows: 0-249=1, 250-499=2, 500-749=3, 750-999=4, 1000-1249=5,
1250-1499=6, 1500 and above=7
** jtalicized words are represent more general and comprehensive concepts.

Economic Performance - GRI 201
Market Presence - GRI 202

Indirect Economic Impacts - GRI 203
Procurement Practices - GRI 204
Anti-corruption - GRI 205
Anti-competitive Behavior - GRI 206

74

10 20 30 40 50 60 70 80

n%

Figure 1. Percentages of companies disclosing GRI Economic Standards
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Materials - GRI 301

Energy - GRI 302

Water and Effluents - GRI 303
Biodiversity - GRI 304

Emissions - GRI 305

Effluents and Waste - GRI 306
Environmental Compliance - GRI 307

Supplier Environmental Assessment - GRI 308

0 10

60 70 90

Employment - GRI 401
Labor/Management Relations - GRI 402
Occupational Health and Safety - GRI 403
Training and Education - GRI 404
Diversity and Equal Opportunity - GRI 405
Non-discrimination - GRI 406

Freedom of Association and Collective Bargaining - GRI 407
Child Labor - GRI 408

Forced or Compulsory Labor - GRI 409
Security Practices - GRI 410

Rights of Indigenous Peoples - GRI 411
Human Rights Assessment - GRI 412
Local Communities - GRI 413

Supplier Social Assessment - GRI 414
Public Policy - GRI 415

Customer Health and Safety - GRI 416
Marketing and Labeling - GRI 417
Customer Privacy - GRI418

Socioeconomic Compliance - GRI 419

40 50 g0 90 100

60 70

Figure 3. Percentages of companies disclosing GRI Social Standards

5. CONCLUSION

There is a rising trend in discussions about sustainability
issues in the textile and apparel industry because
environmental and social sustainability applications will
inevitably have a significant effect on economic
sustainability at both the micro and macro level. More

recyclable and/or renewable as well as health and
environment-friendly types of raw materials provided by
innovative scientific and technological research, such as
manufactured fibers instead of cotton, are expected to be
used by textile and apparel companies to promote
sustainability. Innovative studies in the textile industry are
expected to focus on methods for more efficient production
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and use of manufactured fibers due to the factors explained
previously. Capital investment and expenditure will most
likely shift to focus on modernized, more efficient and
fully-automated production systems, enabling the option of
customized production through 3D technologies, more
effective environmental management and protection
systems as well as more efficient resource planning systems
with minimized/eliminated usage of harmful chemicals.
Innovative technologies are also expected to enable
regional and even personalized product lines to be produced
through fully automated 3D and similar technologies. The
bottom line in supplier selection should be looking for those
with lesser footprints and open to mutually beneficial and
sustainable relationships through transparency and control.
Cost considerations should be treated carefully, yet at a
lower level of importance, since additional costs incurred
for purpose of sustainability will be offset by increased
demand and sales and/or other longer-term benefits.
Complying with standards and regulations regarding
sustainability, as well as improving them by internal
practices, are believed not only to promote sustainability
but also to increase operational effectiveness and
efficiency. Competitive activities and operational efficiency
are concentrated around innovative methods of producing

longer-lasting products requiring fewer washing and
cleaning processes.

The results of the analysis reveal that approximately 18% of
textile and apparel companies in Turkey currently provide
sustainability disclosures. The GRI issues emphasized most
concern employees, and water, followed by employee
rights, product, market, suppliers, education, the economy,
energy, waste, the community and the public. Wide
variations were observed in GRI topic-specific disclosures,
including economic, environmental and social topics. A
majority of the sampled companies disclosed economic
issues, including economic performance and anti-
competition, although only a few provided disclosures
about anti-corruption. A large proportion of the companies
provided environmental disclosures about water and
effluents, and energy whereas few provided disclosures
about environmental compliance. Social sustainability
disclosures, including training, education and employment,
were provided by most companies. Finally, a number of
companies provided disclosures about occupational health
and safety, diversity and equal opportunity, marketing and
labeling. However, made disclosures about supplier social
assessment and socioeconomic compliance.

REFERENCES

1. Ufuk 2030. 2016, September 16. Retrieved from https:// tgsd.org.tr/
assets/2017/ufuk2030baski26.09.16.pdf (Accessed July 30, 2018).

2. Better Cotton Initiative. 2018. What makes BCI and Better Cotton
unique? Retrieved from https://bettercotton.org/resources/message/
(Accessed July 25, 2018).

3. Turley DB, Copeland JE, Horne M, Blackburn RS, Stott E, Laybourn
SR, Harwood J, Hughes JK. 2009. The role and business case for
existing and emerging fibres in sustainable clothing: Final report to
the department for environment, food and rural affairs (Defra),
London, UK.

4.  Fletcher K. 2013. Sustainable fashion and textiles: design journeys.
Greenpeace, hazardous chemicals in branded luxury textile products
on sale during, 16.

5. Morley NJ, Bartlett C, McGill 1. 2009. Maximising reuse and
recycling of UK clothing and textiles: A report to the department for
environment, food and rural affairs. Oakdene Hollins Ltd, London:
Defra.

6. Scott G. 2018. The higg index. Retrieved from
https://apparelcoalition.org/the-higg-index/ (Accessed June 13, 2018).

7.  Goworek H, Fisher T, Cooper T, Woodward S, Hiller A. 2012. The
sustainable clothing market: An evaluation of potential strategies for
UK retailers International Journal of Retail & Distribution
Management 40(12), 935-955.

8. Jones P, Comfort D, Hillier D. 2010. Sustainability in the global shop
window International Journal of Retail & Distribution Management
33(12), 882-92.

9. Wced SWS. 1987. World commission on environment and
development. Oxford University Press, Oxford, UK.

10. Alkaya E, Demirer GN. 2014. Sustainable textile production: A case
study from a woven fabric manufacturing mill in Turkey Journal of
Cleaner Production 65, 595-603.

11. Pulat E, Etemoglu AB, Can M. 2009. Waste-heat recovery potential
in Turkish textile industry: Case study for city of Bursa Renewable
and Sustainable Energy Reviews 13(3), 663-672.

12. Eser B, Celik P, Cay A, Akgumus D. 2016. Tekstil ve konfeksiyon
sektorunde surdurulebilirlik ve geri donusum olanaklari Tekstil ve
Muhendis 23, 101.

13. Guyer GT, Nadeem K, Dizge N. 2016. Recycling of pad-batch
washing textile wastewater through advanced oxidation processes and
its reusability assessment for Turkish textile industry Journal of
Cleaner Production 139, 488-494.

14. Ar AA, Tokol T. 2010. Tekstil sektorundeki isletmelerin yesil
pazarlamadan kaynakli kazanimlari Elektronik Sosyal Bilimler
Dergisi 9(31), 148-168.

15. Kusku F. 2007. From necessity to responsibility: Evidence for
corporate environmental citizenship activities from a developing

country  perspective  Corporate  Social — Responsibility — and
Environmental Management 14(2), 74-87.
16. Kamal Y, Deegan C. 2013. Corporate social and

environment - related governance disclosure practices in the textile
and garment industry: Evidence from a developing country
Australian Accounting Review 23(2), 117-134.

17. Kozlowski A, Searcy C, Bardecki M. 2015. Corporate sustainability
reporting in the apparel industry: An analysis of indicators disclosed
International Journal of Productivity and Performance Management
64(3), 377-397.

18. Steurer R, Langer ME, Konrad A, Martinuzzi A. 2005. Corporations,
stakeholders and sustainable development I: A theoretical exploration
of business—society relations Journal of Business Ethics 61(3), 263-
281.

19. Roca LC, Searcy C. 2012. An analysis of indicators disclosed in
corporate sustainability reports Journal of Cleaner Production 20(1),
103-118.

20. Empowering Sustainable Decisions. 2018. March 08 GRI Standards.
Retrieved from https://www.globalreporting.org/standards/ (Accessed
April 25, 2018).

21. Belal AR. 2016. Corporate social responsibility reporting in
developing countries: The case of Bangladesh. Routledge.

TEKSTIL ve KONFEKSIYON 29(3), 2019

195



Retrieved  from

22. Lozano R. 2013. Sustainability inter-linkages in reporting vindicated: 27. Istanbul Sanayi Odas1. 2017. Tiirkiye’nin 500 biiyiik sanayi kurulusu
A study of European companies Journal of Cleaner Production 51, 2017. Retrieved from http://www.is0500.org.tr/500-buyuk-sanayi-
57-65. kurulusu/2017/?ara=&year=2017&sayfa=2 (Accessed June 15, 2018).

23. Asif M, Searcy C, Santos PD, Kensah D. 2013. A review of Dutch 28. KAP. 2018. Merkezi kayit istanbul.
corporate sustainable development reports Corporate Social https://www kap.org.tr/en/Endeksler (Accessed June 15, 2018).
Responsibility and Environmental Management 20(6), 321-339. 29. White, MD, Marsh, EE. 2006. Content analysis: A flexible

24. Gallego 1. 2006. The use of economic, social and environmental methodology Library Trends 55(1), 22-45.
indicators - as a measure ,O,f, sustainable 'development in Spain 35 g, L, Knierim B, Barth KL, Duetz M, Abel T. 2008. From the text
Corporate Social Responsibility and Environmental Management to coding: Intercoder reliability assessment in qualitative content
13(2), 78-97. . . ;

analysis Nursing Research 57, 113-117.

25. Zligzi?lil:e \?z,e i:?:izltl;l(;nvl;znriggtgél Ziizgaﬁijigzzgz??g(g 31. Elo S, Kiiéi.riéii.nen M, Kanste O_, Polkki T, Utriainen K,.Kyngéis H.

43-60. ) ’ ’ 2014. Qualitative content analysis: A focus on trustworthiness SAGE
open 4(1), 1-10.

26. Krippendorff K. 2004. Content analysis: An introduction to its
methodology. Sage, Thousand Oaks, CA.
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International Association for Research and Testing in

the Field of Textile and Leather Ecology : OEKO-TEX
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Uster Textile Quality Control Technologies : USTER
Autocoro Yarn Quality Certification : BELCORO
Certification of Environmental Standards : CERES
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ABSTRACT

Nowadays, in order to improve some of the properties of core-spun yarns, a new type of core-spun
yarn called as dual-core has been developed. In literature, there are limited studies and hence findings
about dual-core yarns. Therefore, in this study, dual-core yarns were produced with three different
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sheath fibres (viscose, cotton and cotton/Tencel blended fibres) and two different core filament linear
density (50 and 70 denier) having three different yarn counts (12/1 Ne, 16/1 Ne and 20/1 Ne). Woven

and knitted fabrics were manufactured and yarn quality parameters and some of the fabric properties
such as fabric pilling behaviour, breaking and bursting strength, breaking elongation and bending
rigidity were investigated. Therefore, at the end of study, it was possible to investigate the effect of
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sheath fibre type, yarn count and core filament linear density on yarn and fabric properties of dual-

core yarns.

1. INTRODUCTION

In recent years, usage of elastic materials and demands to
elastic fabrics and garments have been increased due to
their stretch and recovery capability and thus wear comfort
and fitness compared to common textile products [1].
Elastic materials under different names such as Lycra,
Spandex, T400, PBT etc. are widely used in casual apparel
products, denim fabrics, sportswear, medical textiles etc. to
provide the stretchability and elasticity. One commonly
used method to produce elastic woven or knitted fabrics is
core-spun yarn spinning technology. In core-spun yarn
spinning method, any type of elastic filament specially
placed to centre of the yarn is covered and wrapped by
short staple fibres such as cotton, wool or man-made fibres.
Produced yarn is called as core-spun and consisting of core
filament and sheath parts. Core-spun yarn production
method makes possible to optimally benefit the features of
two different components in the same structure. In order to
improve the properties of core-spun yarns, particularly
recovery, stability and dimensional change, a new type of
core-spun yarn called as dual-core yarn has been developed.

Core filaments such as soft (Elastane) and hard material
(PES, PA etc.) are coated with staple natural or synthetic
filaments and hence resultant yarn is composed of dual core
filaments such as PET+Elastane or PA-+Elastane, and
sheath fibres. In particular, elastic-soft and semi elastic-
hard core filaments are used in dual-core yarn production to
enhance high elasticity obtained by elastic component and
high recovering, stability and low shrinkage obtained by
semi elastic component to dual-core yarns.

Core-spun yarns have been used for many years and
therefore the effects of the elastic core, the sheath fibres for
covering the yarn and various spinning parameters on
structures and properties of core-spun yarns were
investigated in many studies. However, textile producers
and researchers have newly focused on dual-core spun
yarns and hence there are a few works about the dual-core
spun yarns [1-4]. Hua et al. [1] worked on the development
of elastic core-spun yarn containing a mix of Spandex and
polyethylene terephthalate/polytrimethylene terephthalate
(PET/PTT) bi-component filament as a core material to
obtain better elastic property. Spandex and PET/PTT bi-

To cite this article: Celikkan Aydogdu SH, Yilmaz D. 2019. Analyzing some of the dual-core yarn spinning parameters on yarn and

various fabric properties Tekstil ve Konfeksiyon 29(3), 197-207.

TEKSTIL ve KONFEKSIYON 29(3), 2019

197



component filaments were covered with cotton fibres on a
modified ring-spinning machine with a core spinning
attachment. The experimental results indicated that dual-
core yarns have much lower yarn stress decay as well as
lower hairiness, CVm and higher elongation values
compared to the core-spun yarns using only Spandex core
filament. In addition, it was found that Spandex count
significantly affects the breaking elongation and stress
decay of dual-core yarns and elongation of the yarns
increases with the increase of the draw ratio of Spandex.
Kili¢ [2] and Tantawy et al. [3], in their studies, fed dual-
core filaments in two different ways to the yarn centre.
Kilig [2] welded PET and Spandex filaments by
intermingling process and positioned the combined
filaments in front roller nip in terms of a standard V-
grooved guide roller under certain tension (3.5). In second
part of the study, PET and Spandex filaments were fed
separately by similar guide roller under certain tension (for
3.5 for PET, 1.08 for Spandex). Intermingled and separately
fed PET and Spandex core filaments were covered by
cotton fibres and multicomponent dual-core yarns were
obtained. Kili¢ [2] determined that production methods
(core-spun and dual-core) have statistically significant
influence on yarn properties. In addition, it was indicated
that production parameters such as twist, Elastane pre-draft
also statistically affect the elasticity and growth values of
woven fabrics. Tantawy et al. [3] studied the effect dual-
core weft yarns with different yarn counts on the pilling
properties of denim fabric (3/1 Z twill) and found that dual-
core yarn type and yarn count have influence on fabric
pilling property. Ertas et al. [4] produced 16/1 Ne dual-core
yarns for the weft thread using 77 dtex PES and 78 dtex
Spandex core filaments and cotton wrapping fibres. In their
study, it was determined that the construction has a much
more impact on the fabric width and thus on the unit weight
properties than the elasticity ratio. As the density increases,
the elasticity value, permanent elongation and depth of the
colour have been found out to decrease substantially due to
more rigidity of the fabric resulted from higher fabric
density. It was determined that the ratio between the
elasticity and the permanent elongation values is not
affected from the density changes, and remains at the same
value in almost all the fabrics. In addition, permanent
elongation value is superior at the same elasticity value
compared to the conventional Elastane core wefts. As
reported above, there are a few studies and findings about

the dual-core yarns to understand the structure and features
of this yarn type. In this study, we are interested in the
identification of the effect of various process parameters on
dual-core yarn and some of the fabric properties. Dual-core
yarns having three different yarn counts were produced
with three different sheath fibres and two different core
filament linear densities. This study provides a better
understanding the effect of sheath fibres, core filament and
yarn finenesses on dual-core yarns. In addition, majority of
the studies reported in the literature has focused on the
usage of cotton fibre as a sheath fibre for core-spun yarns
composed of single [5-24] and dual core filaments [1-4].
Present study was therefore undertaken to investigate the
effect of different sheath fibre types on dual-core yarns.

2. MATERIAL AND METHOD
2.1. Material

In the study, it was produced dual-core spun yarns having
12/1 Ne, 16/1 Ne and 20/1 Ne yarn counts on Merlin
conventional ring spinning machine. Cotton (100%),
viscose (100%) and cotton/Tencel fibre blend (50/50%)
were used as a sheath part of the dual-core spun yarns.
Fibre properties were given in Table 1. As a core material,
X55 and Spandex filaments were used together for dual-
core spun yarns. Linear densities of core filaments were 50
and 70 denier for X55, and 70 denier for Spandex. Spandex
fibre, one of the most important thermo-plastic elastomeric
fibres being commercially produced worldwide, is made
with long chain synthetic polymers comprised of mostly
segmented polyurethanes [25]. X55 is a Spandex fibre
commercialized by Xanadu firm to provide crimp and
stretch properties to material.

Similar to core-spun yarn, during the dual-core spun yarn
production, X55 and Spandex (X55+Spandex) core
filaments were supplied separately under control of a
positive feed roller system and sent to the V-grooved guide
roller. And both core materials composed of X55+Spandex
filaments were wrapped by cotton, viscose and
cotton/Tencel covering fibres. During dual-core yarn
production, core filaments were given to the drafting
system under specific tension (draft), and the values were
1.1 for first type of core filament (X55) and 3.63 for second
type of core filament (Spandex). Production parameters for
dual-core yarns were that roving count was about 0.81-0.87
Ne, ae was 4.0, spindle speed was 10500-11000 rpm [26].

Table 1. Fibre properties
Properties Cotton Viscose Tencel
Fibre length 28.62 mm 38 mm 38 mm
Fineness Mic 4.22 1.3 dtex 1.3 dtex
Maturity 972 % - -
Tenacity 30.58 g/tex - -
Colour grade 33-44 - -
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2.2. Method

Dual-core spun yarn samples were conditioned under
standard atmospheric conditions of 20+£1°C and 65+2%
R.H. for 24 h. Seven cops were tested for each yarn
properties and one test was done on each cops. Yarn
evenness and imperfections was tested on Uster Tester 5 at
400 m/min test speed. Mechanical properties of the yarns
were measured on Uster Tensorapid 4. To analyse the
fabric properties, yarn samples were used as a weft yarn
and woven fabrics were produced having plain weave and
30 cm*150 cm dimensions. Fabric density values were 39
warp/cm*18 weft/cm for 12/1 Ne, 33 warp/cm*19 weft/cm
for 16/1 Ne, and 33 warp/cm*21 weft/cm for 20/1 Ne yarn
counts. Pilling behaviour of all fabrics was tested on the
Nu-Martindale Abrasion Tester according to TS EN ISO
12945-2 test method. Fabric strength and breaking
elongation was tested according to TS EN ISO 13934-
1/1999 on Lloyd LR5K Plus electronic tensile strength
machine. Due to limited fabric sample, tensile properties of
woven fabrics were tested for only weft direction. In the
study, it was also obtained knitted samples from the dual-
core spun yarns and fabric density values varied as 110-113
loop/cm® for 12/1 Ne, 121-125 loop/cm® for 16/1 Ne, 124-
128 loop/cm” for 20/1 Ne yarn counts. Bursting strength of
the fabrics was tested according to ISO 13938-2. Three
samples were tested for tensile properties of woven and
knitted fabrics. Bending rigidity of the woven fabric
samples was also analysed according to ASTM D 1388-96
test method by WIRA bending rigidity tester. Three
samples of both of warp and weft direction were tested for
each fabric and the average values were determined.

All the tests were carried out on the same testers and test
results were analysed statistically by SPSS 16.0 statistical
software to determine any significant differences. ANOVA
tests were used for two-way analysis of variance for the
analysis of the production parameters, multiple-range test
LSD method for the comparison of sheath fibre types
(Table 2) and t-test for the comparison of yarn counts
(Table 3-4) and ANOVA analyses were performed for
0=0.05 significance level [26]. In the tables, yarn counts of
12 Ne, 16/1 Ne and 20/1 Ne were indicated by 12, 16 and
20, respectively.

3. RESULTS AND DISCUSSIONS
3.1. Yarn Properties

In this part, it was given the properties of dual-core spun
yarns produced with 50/70 and 70/70 X55+Spandex core
filaments and cotton, viscose and cotton/Tencel sheath
fibres. The results were coded depending on production

parameters and viscose, cotton, cotton/Tencel sheath fibres
were shown by V, C and C/T while 12 Ne, 16/1 Ne and
20/1 Ne yarn counts were displayed by 12, 16 and 20,
respectively. The results of ANOVA tests were shown in
Tables 2-3.

Yarn unevenness

Yarn unevenness results are shown in Figure 1. According
to CVm values, dual-core yarns having viscose and
cotton/Tencel fibre sheath fibres have significantly lower
mass variation values than the yarns having cotton sheath
fibres (Table 2). Higher yarn unevenness of cotton sheath
fibres corresponds to the results in the core-spun yarns
having single elastic core filament [26] and other yarn
types. Erdumlu et al. [27] and Kili¢ and Okur [28] studied
the effect of cotton fibres, viscose rayon fibres and its
blends on ring, compact and vortex yarn properties and it
was indicated that an increasing ratio of regenerated
cellulosic fibre content in the blend decreases unevenness
and the lowest CVm value was found for 33/67% cotton-
regenerated cellulosic fibre blend [28]. Therefore, findings
for the effect of different sheath fibre types on CVm values
of dual-core yarns are in agreement with that of the other
yarn types. The reason for CVm results may be attributed to
fibre length and high variation in cotton fibre length
compared to viscose and cotton/Tencel fibres. When the
yarn becomes finer, unevenness values of the yarns tend to
increase as a result of decreasing the number of fibres in
yarn structure as reported in other yarn types. Erdumlu et
al. [27] reported that mass variation of conventional ring,
OE-rotor and vortex increases with finer yarn counts.
Ortlek and Ulkii [29] also indicated higher unevenness of
finer core-spun vortex yarns than that of the coarser ones.
As far as the effect of X55 core filament linear density is
concerned, yarn unevenness results change depending on
yarn count and sheath fibre types. CVm values mostly
decrease with coarser core filament for 12 Ne and 16 Ne
yarn counts. However, there is a different trend in 20 Ne
dual-core yarns sheathed with viscose and cotton/Tencel
fibres and unevenness of the yarns increases with coarser
core filament. This trend is consistent with the results of
core-spun yarns and unevenness of core-spun yarns having
viscose and cotton/Tencel wrapping fibres increases with
coarser core filament in 30 Ne and 40 Ne yarn counts [26].
As the core filament is getting coarser, for finer yarn counts
in core-spun yarns having single or dual core filaments,
core filament can be not covered uniformly with less
number of sheath fibres and this case may lead to higher
CVm values.
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Table 2. ANOVA LSD test results for dual-core yarn and fabric properties produced with different sheath fibres and yarn counts

Property Sheath fibres Sig. Property Sheath fibres Sig.
Viscose Cotton 0.000* Woven- Viscose Cotton 0.028*
CVml2 Cotton/Tencel 0.419 Strength12 Cotton/Tencel 0.000*
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000* Woven- Viscose Cotton 0.057
CVml6 Cotton/Tencel 0.933 Strength 16 Cotton/Tencel 0.000*
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000* Woven- Viscose Cotton 0.095
CVm20 Cotton/Tencel 0.001* Strength20 Cotton/Tencel 0.115
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.009*
Viscose Cotton 0.000* Woven- Viscose Cotton 0.000*
Thick12 Cotton/Tencel 0.840 Elongation12 Cotton/Tencel 0.002*
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.001*
Viscose Cotton 0.000* Woven- Viscose Cotton 0.009*
Thick16 Cotton/Tencel 0.904 Elongation16 Cotton/Tencel 0.095
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.001*
Viscose Cotton 0.000* Woven- Viscose Cotton 0.008*
Thick20 Cotton/Tencel 0.658 Elongation20 Cotton/Tencel 0.059
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.163
Viscose Cotton 0.000* Knitted- Viscose Cotton 0.009*
Neps12 Cotton/Tencel 0.868 Bursting]2 Cotton/Tencel 0.002*
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.160
Viscose Cotton 0.000* Knitted- Viscose Cotton 0.000*
Neps16 Cotton/Tencel 0.729 Bursting16 Cotton/Tencel 0.000*
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000* Knitted- Viscose Cotton 0.175
Neps20 Cotton/Tencel 0.667 Bursting20 Cotton/Tencel 0.006*
Cotton Cotton/Tencel 0.000* Cotton Cotton/Tencel 0.001*
Viscose Cotton 0.000*
HI12 Cotton/Tencel 0.487
Cotton Cotton/Tencel 0.001*
Viscose Cotton 0.001*
Hl16 Cotton/Tencel 0.520
Cotton Cotton/Tencel 0.003*
Viscose Cotton 0.000*
H20 Cotton/Tencel 0.073
Cotton Cotton/Tencel 0.015%*
Viscose Cotton 0.773
Tenacity12 Cotton/Tencel 0.006*
Cotton Cotton/Tencel 0.013*
Viscose Cotton 0.049*
Tenacity16 Cotton/Tencel 0.001*
Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000*
Tenacity20 Cotton/Tencel 0.842
Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000*
Elogantion12 Cotton/Tencel 0.787
Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000*
Elogantion16 Cotton/Tencel 0.717
Cotton Cotton/Tencel 0.000*
Viscose Cotton 0.000*
Elogantion20 Cotton/Tencel 0.000*
Cotton Cotton/Tencel 0.000*

*The mean difference is significant at the 0.05 level.
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Table 3. t-test results of dual-core yarns produced with different sheath fibres and yarn counts for yarn properties

Production parameters CVm gll:ccel: Neps H Tenacity Elongation

12 Ne 0.000* 0.111 0.006* 0.000* 0.000* 0.000*

Viscose 16 Ne 0.000* 0.001* 0.001* 0.000* 0.000* 0.000*
20 Ne 0.000* 0.082 0.000* 0.000* 0.000* 0.000*

12 Ne 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

Cotton 16 Ne 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

20 Ne 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

12 Ne 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

Cotton/Tencel 16 Ne 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*
20 Ne 0.000* 0.000* 0.000* 0.000* 0.000* 0.000*

*The mean difference is significant at the 0.05 level.

Table 4. t-test results of dual-core yarns produced with different sheath fibres and yarn counts for fabric properties

Production parameters Strength Elongation Bursting strength

12 Ne 0.000* 0.000* 0.000*

Viscose 16 Ne 0.000* 0.000* 0.000*
20 Ne 0.000* 0.000* 0.000*

12 Ne 0.000* 0.000* 0.000*

Cotton 16 Ne 0.000* 0.000* 0.000*

20 Ne 0.000* 0.000* 0.000*

12 Ne 0.000* 0.000* 0.000*

Cotton/Tencel 16 Ne 0.000* 0.000* 0.000*
20 Ne 0.000* 0.000* 0.000*

*The mean difference is significant at the 0.05 level.
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Figure 1. Yarn unevenness results

ANOVA results indicate that the effects of sheath fibre
(p=0.000) and yarn count (p=0.000) are statistically
significant at 5% level. However, sheath fibre*yarn count
(p=0.193), core filament linear density (p=0.273) and its
interactive effects with sheath fibre (p=0.639), yarn count
(p=0.424) and sheath fibre*yarn count (p=0.921) do not
have statistically significant effect on the yarn irregularity
values. Therefore, these results suggest that sheath fibre
type due to its effect on fibre properties and yarn count
related from its effect on number of fibres in yarn structure

have a relatively higher significant influence on yarn
unevenness in comparison to core filament linear density.

Yarn imperfections

In the study, it was not determined any thin places for all
yarn types. However, thick places and neps values are given
in Figures 2-3 and statistical test results are given in Tables
2-3. According to the results, dual-core yarns produced
with cotton sheath fibres have significantly higher thick
places and neps values than the yarns with viscose and
cotton/Tencel wrapping fibres. As in yarn unevenness
results, yarn imperfections are getting higher with the finer
yarn counts. Regarding the core filament linear density,
there is no clear trend in the results of thick places of all
dual-core yarns. However, neps values seem to be increased
as the core filament becomes coarser. This result is also in
harmony with the findings determined for core-spun yarns
having single core filament at the yarn centre [26].

When the thick places of dual-core spun yarns are analysed
statistically, ANOVA results indicate that effects of sheath
fibre (p=0.000), yarn count (p=0.000) and sheath fibre*yarn
count (p=0.000) are statistically significant at 5% level.
However, core filament linear density (p=0.222) and its
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interactive effects with sheath fibre (p=0.223), yarn count
(p=0.379) and sheath fibre*yarn count (p=0.310) do not
have considerably affect on thick places values of the yarns.
As to neps faults, similar trend is observed and sheath fibre
(p=0.000), yarn count (p=0.000) and sheath fibre*yarn
count (p=0.000) have statistically more important influence
while the effect of core filament linear density (p=0.364)
and its interactive effects with sheath fibre (p=0.124), yarn
count (p=0.110) and sheath fibre*yarn count (p=0.287) are
not statistically significant level on the neps values. As in
yarn unevenness, the results reveal that sheath fibre type
and yarn count are the considerably important production
parameters for lower thick places and neps faults and both
core filament linear density values lead to similar yarn
faults at the same sheath fibres and yarn counts.
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Yarn hairiness

Hairiness properties of dual-core yarns were evaluated by
Uster hairiness index (H) and the yarns containing cotton
sheath fibres have been found to be more hairy while the
yarns having viscose covering fibres have significantly
lower hairiness values (Figure 4). In particular, H values of
cotton fibres are significantly different from other sheath
fibres while viscose and cotton/Tencel sheath fibres give
statistically similar yarn hairiness. Erdumlu et al. [27] also
reported for different yarn types like ring, rotor and vortex
and longer length of viscose rayon fibre, when compared
with cotton, provided fewer protruding fibres and lower H
values. Hence, fibre length of sheath fibres plays an
important role in the hairiness values for spun yarns.

Hairiness index of all dual-core yarns decreases with a
reduction in the yarn count and less number of fibres in
yarn cross-section gives lower hairiness index, as in other
yarn types. On the other hand, for the effect of core
filament linear density, different trends have been observed
depending on the sheath type and yarn count. As the core
filament become coarser, hairiness values increase in 16/1
Ne and 20/1 Ne cotton, and 12/1 Ne and 16/1 Ne
cotton/Tencel sheathed dual-core yarns. For dual-core yarns
with cotton/Tencel wrapping fibres, coarser core filament
may decrease the yarn hairiness due to lower percentage of
cotton sheath fibres. For cotton sheath fibres, in contrast to
our expectations, coarser core filament causes higher yarn
hairiness in 20 Ne yarn count. In another part of this study,
this trend was observed for 30 and 40 Ne cotton sheathed
core-spun yarns while 20 Ne, 30 Ne and 40 Ne viscose and
cotton/Tencel wrapped core-spun yarns, and hairiness of
core-spun yarns increased with coarser core filament usage
[26]. Hence, one may think that yarn hairiness starts to
increase beyond the certain yarn count because of the
coarser core filament and the limit for yarn count changes
depending on sheath fibre type.

When ANOVA results are analysed, it is determined that
sheath fibre (p=0.000), yarn count (p=0.000) and yarn
count*core filament linear density (p=0.006) have
statistically significant effect on H hairiness values of dual-
core yarns. However, core filament linear density (p=0.447)
and interactive effects of sheath fibre*yarn count (p=0.103),
sheath fibre*core filament linear density (p=0.319) and
sheath fibre*yarn count*core filament linear density
(p=0.112) are found statistically insignificant at 5% level.
Therefore, as in ring spun and other yarn types, staple fibre
properties, particularly fibre length, and changes in number
of sheath fibres in yarn structure resulted from yarn count
and linear density of core filament have a relatively higher
significant influence on hairiness of dual-core yarns.
Vuruskan [24] also stated that yarn count is the most
effective parameter on yarn hairiness in comparison to yarn
twist and elastane draft for core-spun yarns comprising core
filament.

The findings regarding the effect of core filament linear
density on yarn hairiness is also consistent with the
literature [12-13, 29] and explained by the more possibility
of displacement of the core filament and disrupting the
sheath fibres orientation because of higher percentage of
elastic core filament in the yarn structure [13]. Another
explanation may be insufficiently and improperly coating of
coarser core filament due to less number of fibres in finer
yarn counts. If the results are concluded in a general
expression, core-spun yarns comprising single and dual
core filaments with cotton sheath fibres become more hairy
with finer yarn counts and coarser core filament linear
densities. As to viscose and cotton/Tencel covering fibres,
coarser yarn count and core filament linear density lead to
higher yarn hairiness.
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Figure 4. Yarn hairiness results

Yarn tenacity

Differences in tenacity results are given in Figure 5. When
the effect of sheath fibre type on tenacity values of dual-
core yarns are examined, the findings are similarly
determined in core-spun yarns comprising single elastic
component. Dual-core yarns obtained by cotton/Tencel
sheath fibres give the highest tenacity values while tenacity
of the yarns covered by cotton sheath fibres is the lowest.
As the dual-core yarns become finer, as expected, tenacity
of the yarns decreases. As far as core filament linear density
is concerned, tenacity values of the dual-core yarns reduce
with coarser core filament usage except 16 Ne viscose
sheathed dual-core yarns. This result is consistent with the
findings for core-spun yarns having single elastic core
filament [12-13, 26, 30-31], which reported that most of the
loading stress is mainly taken up by relatively lesser
extensible sheath component in core spun yarns. Therefore,
strength of sheath or wrapping fibres mainly determines the
overall yarn tenacity of core-spun yarns. As the core
filament is getting finer, number of sheath fibres and thus
contribution to yarn tenacity increases. This case provides
more resistance to applied load and higher tenacity values
are achieved [13, 22, 24, 29]. In present study, the findings
of lower tenacity values of coarser core filaments confirm
these statements and strength of sheath fibres appears to
have significant affect on tenacity of dual-core yarns than
yarn and core filament linear densities.
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Figure 5. Yarn tenacity results

filament linear density (p=0.000) and interactive effects of
these parameters (p=0.000) except sheath fibre*core
filament linear density (p=0.000) are found statistically
significant level on yarn tenacity values. Therefore, all
production parameters of dual-core yarns have a relatively
higher significant influence on tenacity of the dual-core
yarns.

Yarn breaking elongation

The results are indicated in Figure 6. For the effect of
sheath fibre type, dual-core yarns produced with viscose
sheath fibres have the highest values while the yarns having
cotton wrapping fibres have the lowest breaking elongation
values for all yarn counts and core filament linear densities.
Since the elongation of viscose and Tencel fibres are
greater than cotton, an increase in yarn elongation is also
inevitable [28]. On the other hand, mostly, there are not
statistically significant differences in the results of viscose
and cotton/Tencel sheath fibres and hence both sheath
fibres lead to considerably higher breaking elongation
values than the dual-core yarns produced from cotton
sheath fibres. Breaking elongation values of the dual-core
yarns significantly decrease as the yarn becomes finer for
all sheath fibre types. An examination of the effect of core
filament linear density on yarn breaking elongation
indicates that the increasing ratio of core filament content in
the yarn structure with the usage coarser core filament leads
to an increase on yarn elongation.
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Figure 6. Yarn breaking elongation results

According to ANOVA results, the effects of all parameters
and their interactions on breaking elongation are generally
statistically significant at 5% level. Therefore, not only the
sheath fibre and yarn count but also core filament linear
density is the parameters determining the breaking
elongation of dual-core yarns.

3.2. Fabric Properties

In this part, it was given some of the woven and knitted
fabric properties of 12/1 Ne, 16/1 Ne and 20/1 Ne dual-core
spun yarns produced with X55 (50 and 70 denier) and
Spandex (70 denier) core filaments and cotton, viscose and

On the other hand, ANOVA results indicate that the effect cotton/T.ence.l sheath fibres. ANOVA results were
of sheath fibre (p=0.000), yarn count (p=0.000) and core summarized in Table 2 and Table 4.
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Pilling behaviour

Pilling is a very serious problem for the fabrics that arises
after the usage of the fabric. Pilling behaviour of all fabrics
was tested and Table 5 displays the pilling rates of the
woven fabrics produced from dual-core yarns having
different sheath fibres, yarn counts and core filament linear
densities. A general assessment shows that the fabrics
woven from dual-core yarns comprising viscose and
cotton/Tencel sheath fibres have almost similar pilling rates
for all yarn counts. However, the fabrics produced from the
dual-core yarns with cotton sheath fibres have a bit higher
pilling tendency than the other fabrics. This trend may
result from higher yarn Uster H hairiness values of cotton
sheathed dual-core yarns. Upon a general evaluation of
pilling results of the dual-core yarns indicates that the
sheath fibre properties is more effective on yarn hairiness
and thus pilling behaviour of the fabrics is affected from
sheath fibre characteristics in comparison to the effect of
the yarn count and core filament linear density.

Tensile properties of the woven fabrics

As reported, dual-core yarns were used as weft yarn during
the woven fabric production and fabric strength and
breaking elongation was tested for only weft direction
because of the inadequate fabric sample. When the tensile
properties of the fabrics are analysed, different trend is
observed depending on yarn count. In the fabrics woven
from 12 Ne and 20 Ne dual-core yarns, fabric breaking
strength values are higher for the fabrics having
cotton/Tencel sheathed fibres while lower for the fabrics

having cotton fibres (Figure 7). The possible reason for this
result could be the tenacity values of these yarns.
Furthermore, in 12 Ne yarn count, finer core filament
provides higher fabric strength while an inverse tendency
becomes in 16 Ne and 20 Ne yarn counts and lower fabric
strength is obtained for all sheath fibre types. According to
statistical results, as determined in yarn tensile properties,
the effect of sheath fibre (p=0.000), yarn count (p=0.000)
and its interactive effects of sheath fibre*yarn count
(p=0.000) are found statistically significant level on fabric
strength. The effect of core filament linear density is seen to
be statistically important depending on sheath fibre type
and yarn count and interactive effects of core filament
linear density with sheath fibre (p=0.003), yarn count
(p=0.000) and sheath fibre*yarn count (p=0.000) are
statistically significant level on fabric strength.

1
[ 50/70
80

1 7070 1
z
=
< T
)
c
9
g 40
£
£
©
o
m 5

V-12 V16 V-20 C-12 C-16 C-20 C/T-12 C/T-16 C/T-20

Figure 7. Breaking strength values of woven fabrics

Table 5. Pilling property of the fabrics

500 1000 2000 3000 5000 7000
Yarn type
cycle cycle cycle cycle cycle cycle
Viscose-50/70 denier 4-5 4-5 3-4 3-4 3.4 3.4
Viscose-70 /70denier 4-5 4-5 4-5 3-4 3-4 3.4
12 Ne Cotton-50/70 denier 4-5 3-4 3-4 3-4 3-4 2-3
Cotton-70/70 denier 4-5 3-4 3-4 3-4 3-4 2-3
Cotton/Tencel-50/70 denier 4-5 4-5 4-5 3-4 3-4 3-4
Cotton/Tencel-70/70 denier 4-5 4-5 4-5 3-4 3-4 3-4
Viscose-50/70 denier 4-5 4-5 4-5 4-5 3-4 3-4
Viscose-70 /70denier 4-5 4-5 4-5 4-5 3-4 3-4
16 Ne Cotton-50/70 den?er 4-5 3-4 3-4 3-4 3-4 2-3
Cotton-70/70 denier 4-5 3-4 3-4 3-4 3-4 3-4
Cotton/Tencel-50/70 denier 4-5 4-5 4-5 3-4 34 3-4
Cotton/Tencel-70/70 denier 4-5 4-5 4-5 3-4 3-4 3-4
Viscose-50/70 denier 4-5 4-5 4-5 4-5 3-4 3-4
Viscose-70 /70denier 4-5 4-5 4-5 4-5 3-4 2-3
20 Ne Cotton-50/70 den?er 4-5 4-5 4-5 4-5 3-4 3-4
Cotton-70/70 denier 4-5 4-5 4-5 4-5 3-4 3.4
Cotton/Tencel-50/70 denier 4-5 4-5 4-5 3-4 3-4 3-4
Cotton/Tencel-70/70 denier 4-5 4-5 4-5 3-4 3-4 3-4
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When the breaking elongation results of the woven fabrics
are studied, it is seen that the dual-core yarns having
viscose sheath fibres give significantly higher fabric
breaking elongation values than the other sheath fibres as in
yarn breaking elongation (Figure 8). On the other hand,
there are no clear trend regarding the effect of core filament
linear density on fabric breaking elongation and elongation
values of the fabrics change depending on yarn counts and
sheath fibre types. According to statistical results, as
determined in yarn tensile properties, the effect of sheath
fibre (p=0.000), yarn count (p=0.019) and core filament
linear density (p=0.000) and interactive effects of yarn
count*core filament linear density (p=0.000) and sheath
fibre*yarn count*core filament linear density (p=0.000)
except sheath fibre*core filament linear density (p=0.225)
are found statistically significant level on fabric breaking
elongation values. Therefore, yarn count, type of sheath
fibre and core filament linear density influences the tensile
properties of the woven fabrics significantly.
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Figure 8. Breaking elongation values of woven fabrics

Bursting strength

Bursting strength is the ability of the fabric to resist rupture
by pressure and depends on the tensile strength and
extensibility of the material. In this study, the bursting
strength of the fabrics knitted from the dual-core yarns
produced from different sheath fibres and core filament
linear density were measured for three different yarn counts
and comparisons were realized. According to the results,
bursting strength results of plain knitted fabrics in Figure 9
change depending on sheath fibre and core filament linear
densities. Upon the general evaluation of the sheath fibres,
dual-core yarns having cotton and cotton/Tencel sheath
fibres give higher bursting strength values than that of the
viscose sheath fibres due to strength characteristics of the
sheath fibres. This result is agreed with findings of [27] in
which investigated the yarn and fabric properties of
different yarn types produced from various fibre types. On
the other hand, ANOVA results indicate that the effect of
sheath fibre (p=0.000), yarn count (p=0.000) and interactive
effects of these parameters (p=0.000), sheath fibre*core
filament linear density (p=0.027), sheath fibre*yarn
count*core filament linear density (p=0.000) are found
statistically significant level. However, core filament linear
density (p=0.204) and sheath fibre*core filament linear

density (p=0.250) do not have statistically significant effect
on fabric bursting strength. The usage of coarser core
filament provides higher bursting strength values in 12 Ne
and 16 Ne yarn counts for the fabrics having viscose and
cotton sheath fibres while this case is observed in 20 Ne
yarn count for cotton/Tencel sheath fibre.
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Figure 9. Bursting strength values of knitted fabrics

Bending rigidity

Bending resistance is the resistance of a certain size of
textile sample to bend under its own weight and one of the
parameter representing the fabric comfort. In the study,
bending rigidity of the fabrics was tested for warp and weft
direction and calculated for the samples and the results
were given Figure 10. As far as the effect of sheath fibre
type is concerned, the fabrics woven from dual-core yarns
having cotton/Tencel sheath fibres have mostly higher
rigidity values compared with that of the cotton and viscose
sheathed fibres. However, the effect of the sheath fibre type
and also yarn count are not statistically significant on
bending rigidity of the fabrics. On the other hand, an
investigation of the effect of the core filament linear density
shows that bending rigidity of the fabrics change depending
on yarn count and sheath fibre type. For viscose and cotton
sheath fibres, coarser core filament leads to higher bending
rigidity up to certain yarn counts and then rigidity decreases
with core filament linear density. However, for
cotton/Tencel sheath fibres, coarser core filament leads to
lower fabric bending rigidity values.
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Figure 10. Bending rigidity results of woven fabrics
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4. CONCLUSIONS

This study investigated dual-core yarn and fabric properties
obtained by different sheath fibre types, yarn counts and
core filament linear densities. The outstanding properties of
dual-core yarns observed within the scope of this study can
be summarized as follows.

e Regarding the effect of sheath fibre type, viscose and
cotton/Tencel fibre sheath fibres have significantly lower
yarn unevenness, imperfections and hairiness values and
pilling behaviour resulted from fibre properties,
particularly, fibre length, number of short fibres and low
variation in fibre length. On the other hand, yarn and
fabric tenacity values of dual-core yarns obtained by
cotton/Tencel sheath fibres is better than the other yarns
due to positive contribution of sheath fibre strength to the
yarn tenacity while viscose sheath fibres give higher yarn
and fabric elongation values because of the elongation of
viscose fibre. Although its effect is considered
insignificant, cotton/Tencel sheath fibres have mostly
higher fabric bending rigidity values compared with that
of the cotton and viscose sheath fibres.

e When the dual-core yarns become finer, yarn
unevenness and imperfections increase while hairiness
and tensile properties decrease as a result of decreasing
number of sheath fibres in yarn structure.

e On the other hand, effect of core filament linear density
on dual-core yarn and fabric properties changes
depending on yarn count and sheath fibre types as
determined in core-spun yarns having single elastic core
filament. In a general expression, the results display an
increasing or decreasing trend to a certain yarn count
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The hazard analysis and management is vital in textile industry to avoid losing customers and wasting
resources caused by the failures in production systems. Risk analysis is also very significant to
decrease possible hazards and to avoid possible damage in production systems. In this study, an
approach based on Failure Mode and Effects Analysis (FMEA) and Fault Tree Analysis (FTA) is
proposed to analyze the ring spinning yarn production process in a textile industry. First, the possible
hazards in the production line, yarn production system, in an integrated company operating in the
textile sector are analyzed by FTA method. Then, FMEA is applied to ring spinning yarn production
process in a textile industry to rank all possible risks corresponding to hazards in descending order
with respect to both occupational health and safety. It is very important to remove all possible hazards
in textile industry to decrease the number of risks related to occupational health and safety. Therefore, KEYWORDS

in total of 57 hazard root causes are determined in the yarn production department. Subsequently, the — gypE A, FTA, Risk and hazard
faults related to the hazard root causes are examined by FTA and then risk corresponding to these
hazards are prioritized by FMEA. The results obtained from the proposed FTA-FMEA approach show
that decision makers and engineers can easily decrease the number of hazards and risks with respect
to both occupational health and safety in practice.

analysis, Production system,
Ring spinning yarn, Textile
industry

1. INTRODUCTION functional units and their components, to estimate and
evaluate the risks, and to carry out activities to prevent risks
and their constant control [6]. Peddada [7] and Hiles [8]
emphasized that risk management performance is important
to ensure business continuity and is an indicator for the
success of management. The quality of textile products is
directly related to yarn quality. Yarn quality also depends
on the production conditions. In order to improve yarn
quality in the literature, many number of studies have been
conducted to optimize production conditions [9-14]. Kiigiik
and Giiner [2] analyzed the efficiency value of firms in the
textile industry by using fuzzy logic approach and ranked
criteria that have impact on efficiency value. Also,
synthetic fiber and cotton are the most basic substances for
textile products. However, the life cycle of synthetic fibers
and cotton has a negative impact on the environment [15].
Therefore, it is obvious that the present fiber or cotton

Reducing the failures and hazards is crucial for a company
to maintain their position on the market, to increase their
competitiveness in the market, and to contribute to the
country's economic development. The failure and hazard
management is known to reduce the defects in the
production system, to increase the effective use time of the
machines and the equipment, to decrease customer
complaints and to increase productivity [1]. Analyzes of
production process and improvement of processes
efficiency in the textile mdustry are also important to
increase the competitiveness of firms [2, 3]. Giiner and Isler
[4] examined the effect of equipment conditions on process
efficiency. Burduk and Krenczyk [5] pointed out that the
potential risks in production systems must be managed to
ensure effective management of enterprises. The focus of
the risk management is to identify hazards associated with

To cite this article: Mutlu NG, Altuntas S. 2019. Hazard and risk analysis for ring spinning yarn production process by integrated FTA-
FMEA approach. Tekstil ve Konfeksiyon 29(3), 208-218.
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should be used in the least-loss manufacturing. Therefore, it
is necessary to analyze the production processes, to define
hazards and to take necessary measures. One of the leading
sectors in Turkey is textile sector. It has an important role
in Turkish economy as it creates new job opportunities and
contributes to the development of the economy [16, 17].
Analyzing the factors that threaten the sustainability the
development of textile sector is very important due to its
effect on quality of the products and reduction of
production loss [18].

There are also risks that threaten occupational health and
safety in the textile industry. Malik et al. [19] pointed out
that there are many risks related to workers in the textile
industry, such as physical, chemical, biological, and
determined the role of hazards control measures in
Occupational Health and Safety (OHS) in textile industry.
Khan et al. [20] focused on the occupational health and
safety in the textile industries of Lahore as well.

In literature, studies, which examined textile production
conditions, have basically focused on optimization. But,
there are limited number of studies, which has been focused
on definition and classification of hazards in the ring
spinning yarn process. Therefore, in the present study, the
hazards in the ring spinning production facility of an
enterprise in the textile sector is analyzed and risks
corresponding to these hazards are ranked by using FTA-
FMEA approach. It is believed that the results obtained
from FTA-FMEA approach provided useful information to
reduce losses and prevent failures and hazards.

2. LITERATURE REVIEW

The potential risks in production systems can be mainly
caused by failures and hazards due to the material, human,
production measurement method and machines/equipment.
The risk analysis and evaluation methods with top-down or
bottom-up approaches can be evaluated to reduce the risks
in the systems. In the literature, hazard and risk analysis
methods are used to define undesirable events and their
status in production systems. What-If [21], Checklist [21,
22], Preliminary hazard analysis (PHA) [21, 23, 24], Fault
tree and Event tree analysis (FTA) [22, 24], Subsystem
hazard analysis (SSHA) [24], System hazard analysis
(SHA) [24] are some of the methods used for hazard
analysis. Furthermore, Failure Mode and Effect Analysis
(FMEA) [6, 25, 26], Hazard and Operability (HAZOP) [6,
26], Human reliability analysis (HRA) [22], Probabilistic
risk assessment (PRA) [24] are extensively used for risk
analysis in production systems.

FMEA method is one of the well-known method and it is
used for the identification of possible hazard types in
various areas of the textile sector, taking precaution for
eliminating hazards or reducing their effects to improve
process performance in the literature. Beyene et al. [27]
implemented FMEA to identify defects that led to
production stoppages in a textile firm, found out that
stoppage time can be reduced and the productivity can be

increased. Kiiciik et al. [28] identified the failure modes in
the laying and cutting process in the clothing sector by
using FMEA tool. Paired et al. [29] used the FMEA method
to detect garment manufacturing defects and to develop a
quality control system and then to analyze the optimization
of production efficiency wusing a simulation-based
optimization technique. Kumar et al. [30] analyzed the
processing failures affecting the process by using FMEA
method in addition to value streaming analysis and Kaizen
tools to reduce the cycle time of T-shirt production.
Kaewsom and Rojanarowan [31] conducted the FMEA
study to reduce the failure of the broken filament in the
direct spinning process. Ozyazgan [32] conducted FMEA
analysis and implementation in a textile factory producing
woven fabric. Peddada [7] categorized risks as business
risk, control risk, opportunity risk and personal risk and
stated that they are used in FMEA method in the evaluation
of the risks.

In addition, Liu et al. [33] reported the major shortcomings
of FMEA based on literature review. They are given in the
following [33]:

1. The relative importance among O, S and D is not taken
into consideration.

2. Different combinations of O, S and D may produce
exactly the same value of RPN, but their hidden risk
implications may be totally different.

3. The three risk factors are difficult to be precisely
evaluated.

4. The mathematical formula for calculating RPN is
questionable and debatable.

5. The conversion of scores is different for the three risk
factors.

6. The RPN cannot be used to measure the effectiveness
of corrective actions.

7.  RPNs are not continuous with many holes.

Interdependencies among various failure modes and
effects are not taken into account.

9. The mathematical form adopted for calculating the
RPN is strongly sensitive to variations in risk factor
evaluations.

10. The RPN elements have many duplicate numbers.

11. The RPN considers only three risk factors mainly in
terms of safety.

The FMEA may be insufficient to identify hazards due to
the fact that it focus on failure mode [24]. In this study,
integrated FTA-FMEA approach is used to identify hazards
and to focus on failure modes.

There are also studies using FTA and FMEA methods
together in the literature [34-37]. Martins and Gorschek
[38] deeply analyzed the root causes of the failures by
applying the FTA for the critical failures after ranking
failure types carrying out an FMEA study for the safety-
critical systems.
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The literature review revealed that the FMEA and FTA
methods have been determined to be a useful method and
frequently used for failure analysis for the systems and their
components and ranking the risk potentials of the failures.
For this reason, the FTA and FMEA methods have been
integrated and used in order to analyze the hazards in the
ring spinning yarn production of a company operating in
the textile sector within the scope of this study.

3. MATERIAL AND METHOD
3.1 Materials

In this study, the FTA-FMEA application has been implemented
for a ring spinning yarn production of a company operating in
the textile sector. There are 20 ring spinning machines with
1,200 spindles in the ring spinning facility. The annual ring
spinning production capacity of the company is 5,000 tons (90%
combed cotton and 10% carded). The blow room, foreign matter
control, carding, draw-frame, the wadding preparation, wadding
transfer, combed cotton, cording, ring, coil, mobile cleaner,
fixation, coil winding, bale-opening, needle opening,
electromagnet mixer, condenser, feeding unit, and fine opening
machines are used in ring spinning facility.

3.2 Methods
3.2.1 Failure Mode and Effect Analysis (FMEA)

The FMEA method is a systematic approach used to
identify and prevent failures in the product and the
production processes before they occur. It identifies the
failures with a bottom-up approach [1]. FMEA uses three
important inputs, namely the Occurrence (O), Severity (S)
and Detectability (D), related to potential hazards/failures
in a system, design, process, or equipment and to provide
an input for mitigation measures to mitigate risk [6, 25].
For FMEA application, the information on system structure,
defining system boundary for the analysis, and the level of
analysis and analysis procedure are available at IEC 61812:
2006. Also, some of the terms used in the method are as
follows [25].

» Ttem: Any part, component, device, subsystem, functional
unit, equipment or system that can be individually
considered.

» Failure: Termination of the ability of an item to
perform a required function.

» Failure mode: Manner in which an item fails.

» Failure effect: Consequence of a failure mode in terms

of the operation, function or status of the item.

» Failure severity: Failure mode effect severity as related
to the defined boundaries of the analyzed system.

» System: Set of interrelated or interacting elements.

The Risk Priority Number (RPN) is calculated as shown in
Equation 1,

RPN=(0)x(S)x(D) (1

where, O denotes occurrence which implies the probability
of occurrence of a failure mode for a predetermined or
stated time period, D means detectability, i.e. an estimate of
the chance to identify and eliminate the failure before the
system or customer is affected and S is a non-dimensional
number that stands for severity, i.e. an estimate of how
strongly the effects of the failure will affect the system or
the user [25]. Classification of RPN is given in Table 1.

FTA method is a hazard analysis and evaluation method
using a top-down approach and it also allow showing the
diagrams of the logical relationship between the root causes
of the possible hazards and the top event due to those root
causes [7]. The FTA method is used to describe the
multiple hazards conditions that cause two or more events
that lead the occurrence of the top event. The logic gate
symbols and the event symbols are given in Table 2.

3.2.2 Fault Tree Analysis (FTA)

The logic gate symbols and the event symbols are frequently
used in establishing logical relationships between the root
causes of the hazards. Also, some of the terms used in the
method are as follows [39].

Table 1. Classification of RPN

Classification RPN
Intolerable
High
Moderate 51-100
Tolerable 1-50

3.2.3 Integration of FTA and FMEA Methods

In this study, the FTA and FMEA methods have been
integrated and used to analyze the failures in the production
system, to determine the root causes, and to rank them. The
proposed FTA-FMEA approach is given in Figure 1. As
can be seen from Table 2, there are 2 logic gates and 4
event symbols. Step 6 and Step 7 are related to FTA.
Furthermore, the remaining steps except for Step 6 and Step

Table 2. Logic gate symbols and event symbols [7]

Gate Gate . Event .
Symbol Name Causal Relation Symbol Event Name Meaning
D AND Output event. occurs if all input Q CIRCLE Basic event with sufficient
events occur simultaneously data
Q OR Output event occurs if any one of O DIAMOND Undeveloped event
the input events occurs
[ ] RECTANGLE Event represented by a gate
AN TRIANGLE Transfer symbol
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Figure 1. The proposed FTA-FMEA approach.

Table 3. The experts interviewed to obtain the failure information in the ring spinning department

Branch Department Experience (year)
Mechanical Engineering Ring Spinning Manager 20
Mechanical Engineering Ring Spinning Production Chief 10
Mechanical Engineering Ring Spinning Maintenance Chief 2
OHS Specialist Plant Manager 10

7 are related to the FMEA. The steps belong to FMEA
calculate the RPN of the potential failures, while the steps
belong to FTA identify the potential root causes and find
the associations between root causes and failure modes.

The benefit of an integrated analysis are the following [39]:

» FTA is a top-down and FMEA a bottom-up analysis
method and use of both deductive and inductive
reasoning is regarded as a good argument for providing
assurance for the completeness of an analysis;

» Safety standards often demand a single failure and, in
some cases, a multiple failure analysis, the first
requirement being fulfilled by FMEA. Both single and
multiple failure analysis are accomplished by FTA;

» FMEA is also a useful method for a comprehensive
identification of basic events or risks, while FTA is a
practical method for causal analysis of the undesirable
events or hazards.

4. RESULT AND DISCUSSION

A total of 57 failure root causes have been identified in the
ring spinning production facility. These faults are classified
in three main categories as the failures that decrease the
quality of the yarn and increase the cost by adversely
affecting the production process, the machine failures that
lead to halts in the production, and the hazardous situations

that can cause a fire in the facility. Ring spinning yarn
production workflow is given in Figure 2. Figure 3 shows
the result of FTA for ring spinning production operation.
Ring spinning yarn production workflow is taken into
account to identify failure modes in the ring spinning
process (See Figure 1). The experts given in Table 3 are
interviewed to obtain the failure information in the ring
spinning department. Table 4, Table 5 and Table 6 are used
for evaluation criteria. The Occurrence (O) value, Severity
(S) value and Detection value (D) for the each root causes
are given in Table 8. The root causes of failure are ranked
based on the experts’ evaluations. Twenty-two different
RPN values ranging from 16-900 have been obtained for 57
root causes of the failures determined for the ring spinning
facility. The possible failure modes and the root causes of
the failures of the ring spinning facility are described in
Table 7. The rankings of the identified failures are shown in
Table 9. It has been determined that 22.80% of the
identified failures were intolerable, 15.78% were high,
28.07% were moderate, and 37.35% were tolerable.

5. CONCLUSION

An approach based on FTA and FMEA is proposed to
analyze hazard and risk analysis for ring spinning yarn
production process. In the first stage of the proposed
approach, possible root causes are determined and casual
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relations among hazards are found by FTA. There main
possible hazards (production process failures, machines
failure and fire failure related to occupational health and
safety) are defined related to the process under concern.
Then, FMEA is utilized to rank risks. The results of the
case study show that 60% of failures related to production
process and 46.66% of failures related to fire are risky at
intolerable level, while failures related to machines are
risky at moderate level in ring spinning yarn production
process in the textile factory. In addition, the results of this
study show that failures are occurred due to at least one root

cause. It is necessary to take action plans to prevent these
failures in the production system. Especially, the failures
having the highest RPN should be eliminated from root
causes in the ring spinning process. If the elimination of the
failures are not possible, the RPN of these type failures
should be decreased at an acceptable level. In addition, total
productive maintenance policies should be applied to ring
spinning yarn production process to remove all failures
related to machine in practice.

Fuzzy logic can be used for the risk analysis in the future
research.

Table 4. The Occurrence related to frequency and probability of occurrence [25]

Rating Occurrence Frequency Probability
10 S . . >100, per thousand operations >107
9 Very High: Inevitable failure 50, per thousand operations 5x1072
8 _ . . 20, per thousand operations 2x107
7 High: Inevitable failure 10, per thousand operations 1x107
6 5, per thousand operations 5x107
5 Moderate: Occasional failure 2, per thousand operations 2x107
4 1, per thousand operations 1x107
3 . . . 0.05, per thousand operations 5x107
2 Low: Relatively few failure 0.1, per thousand operations 1x10*
1 Remote: Failure is unlikely <0.001, per thousand operations <1x10?
Table 5. The severity evaluation criteria [25]
Severity Criteria Ranking
Hazardous Very high severity ranking when a potential failure mode affects safe vehicle operation and/or 10
without warning  involves non-compliance with government regulation without warning.
Hazardous with ~ Very high severity ranking when a potential failure mode affects safe vehicle operation and/or 9
warning involves non-compliance with government regulation with warning.
Very high Vehicle/item inoperable (loss of primary function). 8
High Vehicle/item operable but at a reduced level of performance. 7
Moderate Vehicle/item operable but comfort/convenience item(s) inoperable. 6
Low Vehicle/item operable but comfort/convenience item(s) operable at a reduced level 5
of performance.
Very low Fit and finish/squeak and rattle item does not conform (greater than 75 %). 4
ry q g
Minor Fit and finish/squeak and rattle item does not conform (approximately 50 %). 3
Very minor Fit and finish/squeak and rattle item does not conform (less than 25 %). 2
None No discernible effect. 1
Table 6. The detection evaluation criteria [25]
Detection Criteria: Likelihood of detection Ranking
. Process Control will not and/or cannot detect a potential cause/mechanism and subsequent
Absolutely uncertain . . 10
failure mode; or there is no Process Control.
Very remote chance the Process Control will detect a potential cause/mechanism and
Very remote . 9
subsequent failure mode.
Remote chance the Process Control will detect a potential cause/mechanism and subsequent
Remote X 8
failure mode.
Very low chance the Process Control will detect a potential cause/mechanism and subsequent
Very low X 7
failure mode.
Low Low chance the Process Control will detect a potential cause/mechanism and subsequent failure 6
mode.
Moderate chance the Process Control will detect a potential cause/mechanism and subsequent
Moderate . 5
failure mode.
Moderately High Moderately h.1gh chance the Process Control will detect a potential cause/mechanism and 4
subsequent failure mode.
Hich High chance the Process Control will detect a potential cause/mechanism and subsequent 3
& failure mode.
Very high Very high chance the Process Control will detect a potential cause/mechanism and subsequent ’

failure mode.

Almost certain

Process Control will almost certainly detect a potential cause/mechanism and subsequent
failure mode.
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Table 7. The possible failure modes and the root causes for the ring spinning yarn production process

Function Failure Mode Root Cause of the Failure FM;
Blend prescription not prepared correctly FM,'
Abrage The ordering of fiber bundles incompliant with the blend prescription FM,*
Not arranging the carding buckets under the draw-frame in accordance with the 3
2 desired plan FMy
§ Blending differences FM,*
: Not setting the yarn number to the machine FM,!
5 Incorrect yarn number . . . 2
s Failure of the regulation system in the regulated draw-frames FM,
§ Not cleaning the ring spinning machine FM;'
v Quality Formation of neps due to short fibers or immature fibers FM;,>
Insufficient cleaning of the flies FM;’
Production If\;(c)hg)tr;)curing cotton with the suitable-quality values for the ring spinning FM,!
i/?:clg;:f Press Failure of hydraulic system FM;!
Failure of automatic bundle opening machine FM,'
Failure at the blow room  Failure of the homogenous mixer FM;’
line Carding machine failure FMg®
Failure of the fiber cleaning machine FM¢*
Failure of the draw frame machine FM,'
) Fiber winding around the rotating element of the combed cotton machine FM;?
f)?;;:rzggltlhﬁ;:rd Breakage of the belt at cording machine FM72
Bearing failure at cording machine FM;
Engine failure at cording machine FM;’
Failure of pneumatic system tube FM;'
) ) Deformation of the felts of the pneumatic system FMy’
Eiicl:llllrii:f the Unilap Breaking of the springs in the clutch system FMg’
Distance setting failure FM*
2 Bearing failure FMy’
-E Servo disk failure FM,!
3 Robo-load failure FM,>
= Failure of ring spinning ~ Doffer failure FM,’>
machine Motor failure FM,*
Failure of spindle system FM,’
Failure of pulling system FM,°
Carding machine failure ~ Not replacing the card clothing FM,,'
g(i)ltuilndmg machine Grinding setting failure FM,,'
Air conditioning failure Motor fallure‘ FMIZ;
Front filter failure FM,,
Failure of bobbin changer's mechanic element FM,;'
Failure of bobbin changer's holder FM,5’
. . Bobbin changer setting failure FM,;’
Winder failure Suction fan motor bearing failure FM,;*
Suction fan motor winding failure FM,5’
Setting failure of the mechanical element in the spindle FM,;°
Deformation failure in the spindle FMy;3
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Table 7. The possible failure modes and the root causes for the ring spinning yarn production process (Cont.)

Function  Failure Mode Root Cause of the Failure FM;
Getting metal from the condenser FM,4!

Getting burning fiber from the condenser FM142

Getting metal from the recycling machine FM,’

Getting burning fiber from the recycling machine M,

Fire Hazard in the Blowroom line Electric arc in the press control panel M)’
Uncontrolled spreading of the sparks in the press welding process M,

Fiber winding around the rollers of the carding machine FM,,’

é Entry of foreign matter such as metal into the carding machine M,*
Fire hazard in the carding machine Fiber winding around the rollers of the combed cotton machine FM,s'

Electric arc failure in the ring spinning machine FM;'

Fire Hazard in the ring spinning machine . . ) . L . . )
Unfunctional switches in the ring spinning machine pulling area FM;6

e hagard in th " " Electric arc failure in the cording machine FM17I

Fire hazard in the cording machine Fiber winding around the rollers of the cord pulling cylinder M,

Fire hazard in the winding machine Electric arc failure in the winding machine FM,s!

Fire hazard in the metal detector Putting the cotton coming from the metal detector to recycling without any selection FM,o'

Table 8. The Occurrence (O) value, Severity (S) value and Detection value (D) for the each root causes

FM;' 0o S D FM; 0 S D FM;' 0o S D
FM,' 7 10 10 FM' 2 8 4 FM,5° 3 4 4
FM,* 6 10 10 FMg’ 2 8 4 FM5’ 3 4 4
M, 8 10 5 FMg’ 2 8 4 FMy,' 3 10 7
FM,* 7 10 10 FM;* 2 8 4 FM, 4 3 10 7
FM,' 8 5 5 FMy’ 2 8 4 FM,,’ 5 10 7
FM,’ 8 5 5 FM,' 2 2 4 FM;* 5 10 7
FM;' 3 8 5 FM,? 2 2 4 FM, 4’ 1 10 7
FM;? 8 8 5 FMo® 2 2 4 FM, ¢ 1 10 7
FM;’ 8 8 3 FM,* 3 7 4 FM., 2 10 7
FM,' 8 10 5 FM,’ 2 2 4 FM; 2 10 7
FMs' 3 7 2 FM,° 2 2 4 FM;s' 3 10 7
FM,' 3 7 2 FM,,' 1 10 4 FM,¢' 5 3 7
FM¢ 3 7 2 FM;,' 1 10 4 FM¢ 10 7 9
FM¢ 4 3 2 FM,,' 3 7 4 FM;' 5 3 7
FM¢* 3 7 4 FM;,’ 3 7 4 FM,;* 5 3 7
FM,' 4 3 4 FM,5' 3 3 4 FM,s' 2 5 7
FM; 3 4 4 FM;° 3 3 4 FMo' 10 10 9
FM,’ 2 8 4 FM,5° 3 3 4
FM,* 2 8 4 FM,5* 2 6 4
FM,’ 2 8 4 FM,5° 2 6 4
Table 9. RPN and ranking for root causes of failure
RPN Ranking FM; RPN Ranking FM;' RPN Ranking
FM' 64 16 FM,5° 48 17
FMg? 64 16 FM,;’ 48 17
FMg> 64 16
FM* 64 16
FMy’ 64 16
FM,' 16 22
FM,> 16 22 FM, 4 70 15
FM,’ 16 22 FM, 70 15
FM,* 84 14
FM,’ 16 22
FM:; 42 18 FM,° 16 22
FM,! 42 18 FM,,! 40 19
FM,> 42 18 FM,,! 40 19
FM¢> 24 21 FM,,! 84 14
FM;¢* 84 14 FM;,> 84 14
FM;' 48 17 FM;' 36 20
FM; 48 17 EM,;> 36 20
FM;’ 64 16 FM,; 36 20
FM,* 64 16 FM;;* 48 17
FM;’ 64 16 FM,;’ 48 17
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ABSTRACT

The increasing concern over the waste reduction and health hazards associated with the use of
synthetic fibers such as glass fibers, carbon fibers, aramides and other fibers have turned the attention
towards natural ecofriendly green fibers. In this paper natural fibers namely — milkweed fiber, Agave
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americana fiber and Sansevieria roxburghiana fibers have been studied experimentally to determine
the physical, chemical, morphological and thermal properties by FTIR, SEM, PLM, X-Ray

diffraction, DSC and TGA analysis methods. In this study, Sansevieria fiber was observed to have the
highest tenacity of 53.58 g/tex and showed maximum degradation temperature of 375 °C. Milkweed
fibers were found to have the lowest density of 0.9 g/cc and possessed hollow structure with smooth

surface as observed from SEM and PLM techniques.

1. INTRODUCTION

Natural fibers have wide range of applications in the field
of textile, automotive and aerospace, particularly in the
light of the recent global inclination towards eco-friendly
textiles. The emerging green economy is based on energy
efficiency, renewable feed stocks in polymer products,
industrial processes that reduce carbon emission and
recyclable materials. Natural fibers are renewable resources
and they have good mechanical strength, low weight and
low cost, that has made them particularly attractive to the
automotive industry [1]. The utilization of natural fibers as
a reinforcement for composite materials is an emerging
research area. In recent years, attempts have been observed
to reduce the use of synthetics and expensive glass, aramid
or carbon fibers and also lighten considerably the car’s
body by taking advantage of the lower density and cost that
natural fibers provide [1].

Milkweed is a type of seed hair fiber which consists of
single cell, unlike bast fibres. These fibres, which are

KEYWORDS

Natural Fibers, FTIR, SEM,
PLM, TGA

attached to the side wall of the seed, gets dispersed by
wind. The typical seed-hair fibres are similar in
morphology to cotton, with long lengths and small
diameter. Milkweed fibres are hollow with a thin wall and
are therefore lightweight. The hollow structure of milkweed
fibre has led to its use in items where good insulation or
buoyancy properties are needed. Agave and sansevieria
fibers are collected from the bast surrounding the stem of
their respective plant.

In a literature, pyrolysis of sugar cane bagasse and coconut
fiber was studied by thermal analysis by TGA and DSC
methods and chemical constituents were determined by
FTIR method [2]. Jute/Gelatin composites were
characterized for its physical, mechanical and
morphological properties and it showed good results [3]. In
another study of hemp and kenaf fibers, the effect of alkali
and saline treatment on its physical properties and also their
FTIR, XPS and ESEM analysis were carried out to study its
properties in comparison with glass fiber [4]. Blends of

To cite this article: Niresh J, Archana N, Karthik T, Hong TW. 2019. Physical, chemical, morphological and thermal characterisation of
natural fibers for sound absorption. Tekstil ve Konfeksiyon 29(3), 219-227.
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agave, pineapple leaf fibers, polypropylene fibers, non
woven and composites were tested for its mechanical and
dynamic mechanical properties and observed that agave-
polypropylene fibers possessed superior mechanical
properties [5]. A review of agave Americana fibers was
performed stating its physical properties, extraction,
characterization and its applications [6]. Another review of
milkweed fibers concluded about its versatility as an
industrial textile material due to its suitable physical and
morphological properties exhibited by the fibers [7]. A
blended non woven form of milkweed and kapok fibers
were studied for their acoustic and thermal properties and
found a positive correlation between fabric density and
sound reduction and a negative correlation between bulk
density and sound reduction, and the effect of kapok fibers
with thermal conductivity [8]. Sansevieria cylindrica fiber
was studied for its dynamic, mechanical, surface and
thermal properties and the effect of alkali treatment on fiber
properties and corresponding effects on the mechanical and
thermal properties were analyzed [9]. Various other studies
were done to characterize the properties of natural fibers, its
composites and its nonwovens [1, 10-16].

With respect to the materials considered in this paper,
structural properties of milkweed fibers have been studied
along with cotton blend [17]. Mechanical characteristics of
milkweed and its other properties have also been addressed
in the literature [7, 18]. With respect to agave Americana,
some studies have been carried out to identify its
mechanical and crystalline characteristics [19-21]. A few
literature deals with analyzing the properties and physical
characteristics of sansevieria roxburghiana fibers [22, 23].

The objective of this paper is to characterize the physical,
morphological, chemical and thermal properties of three natural
fibers namely — Agave Americana, Sansevieria Roxburghiana,
and milkweed fibers. The properties of these three natural fibers
were determined experimentally and compared.

2. MATERIAL AND METHOD
2.1. Material

The milkweed fibers were obtained from matured pods of
the plant asclepias syriaca and the floss was extracted from

the pods by hand and partly dried. Complete drying was
done by spreading the floss on hessian sheets in the sun for
about three days until the floss becomes lustrous in
appearance and a fair amount of dust and dirt separates out
from the floss. On drying, the floss loses about 5% of its
weight. The agave Americana and sanseviera
roxbhurghiana were extracted by water retting method.
Initially the fibers were retted in stagnant water for 7 days
and then extracted by mechanical extraction technique. The
bast was passed through the rollers of a specially designed
machine, which crushed them to separate the fibers and
they were washed in running water and dried.

2.2. Physical Properties

The physical properties such as length, fineness, strength,
density and moisture were determined as per the ASTM
standard test method. Single fiber properties of milkweed
fiber were measured and the fiber lengths were also
determined by comb sorter diagram as per BS 4044:1989
standard. Linear density of the material was measured by
gravimetric method using the ASTM test method D1577 at
standard atmosphere conditions. The fibers were placed flat
on a cutting device, using the template for standard length
(L) the fiber samples were cut and weighed (W). The denier
(D) of the fibre sample was calculated using the equation

).
90001
LN

The tensile properties of fibres were determined using
ASTM D3822-01 standard. After pre-conditioning the
samples in a standard atmosphere, the testing was carried
out with gauge length of 10 mm. The test was repeated with
50 samples and the values were recorded. The fibre density
was determined with a density gradient column having a
mixture of xylene and carbon tetrachloride as per ASTM
D1505-03 standard, after the fibers were cut into small
pieces and made into small balls, otherwise leading to very
low density values due to air bubbles inside the canal of the

= n

Figure 1. Extracted fibers (a)Agave Americana (b) Sansevieria Roxburghiana (c) Milkweed
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fibers. The moisture regain values were measured as per
ASTM D 2654-89a by measuring the weight loss of the
sample continuously with an interval of 30 minutes with
respect to increasing temperature upto 105 °C until there
was no loss in weight.

2.3. Surface Characterisation

The surface morphology of the fibers was studied to
understand the behavior of thermal and acoustic properties
of the fiber. The surfaces of fibers were observed using
scanning electron microscope. Prior to the test, the samples
were coated with a thin layer of gold by a plasma sputtering
apparatus. The observation was performed in high vacuum
mode with secondary electron detector and accelerating
voltage between 5 and 10 kV. With an optical microscope
(Leica Projection Light Microscope, Model: DM750P), the
longitudinal and cross-sectional views of fiber samples
were photographed with a magnification of 200x. Average
of fifty randomly chosen readings was taken to compute the
mean fiber diameter.

2.4. Chemical Characteristics

The crystallinity of raw, alkali treated and dyed milkweed
fibers were evaluated by X-ray diffraction. X-ray
diffractograms of the samples were obtained with Lab-X,
wide angle X-ray diffractometer, having an X-ray tube,
producing monochromatic radiation (A = 1.54 A) at 30 kV
and 20 mA. To calculate the crystallinity index, software
was used to separate the background and the overlapped
peaks. The crystallinity index of the fibre was calculated
according to the Segal empirical method as given in
equations (2) and (3).

MICROBALANCE

Faoe = I
Crf ()= =1, 100
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where Iy, is the maximum intensity of the Iy, lattice
reflection and I,,, is the height of the minimum between the
002 and the 101 peaks. FT-IR spectra of the fibers (raw,
alkali treated, dyed) were recorded using Shimadzu FT-IR
in KBr matrix with a scan rate of 32 scans per minute with
a resolution of 4 cm™ in the wave number region of 400-
4000 cm™. The fiber samples were chopped into smallest
particles and ground well. Then it was mixed with KBr and
pelletized by pressurization to record the FT-IR spectra
under standard conditions.

2.5. Thermal Characteristics

A Perkin Elmer differential scanning calorimeter and
Netzsch thermogravimetric analyzer were used to measure
the thermal behavior of the fibers. The sample consisting of
2-3 mg of fibers were cut finely with scissors and placed in
aluminum pans for DSC analysis & platinum pan for TGA
analysis. Both DSC and TGA were performed in nitrogen
gas atmosphere flowing at 50 ml/min. The DSC
thermograms of the conditioned (25 °C, RH 75%) raw and
treated fiber samples were recorded on Perkin Elmer DSC 7
as well as in Netzsch DSC 204 instruments from room
temperature to 400 °C and 200 °C respectively at a heating
rate of 10 °C/min in nitrogen atmosphere.
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Figure 2. Schematic diagram of thermogravimetric analysis [24]
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3. RESULTS AND DISCUSSION

The physical properties of selected fibers such as
Milkweed, Sansevieria and Agave are shown in Table 2.
The tenacity of the Sansevieria fibers are the highest
compared to the three fibers that were selected for the
study, which is in the range of the hemp fibers. Agave
Americana is a stiff fiber but the tenacity is lower than that
of milkweed. Milkweed being a seed hair fiber is finer,
whereas Sansevieria has optimum fineness in the range of
other bast fibers. Agave Americana fibers are coarser, but if
they are fibrillated, the fineness can be improved. The two
bast fibers have density comparable to the other bast fibers,
while milkweed is lighter than water. The moisture
absorption properties of all the three fibers were almost in
the same range as that of other bast fibers.

From Figure 3a to Figure 3c it is clear that the surface
morphology of the Agave and Sansevieria fibers are similar

to that of the other bast fibers. They have a multi cellular
structure and very rough surface morphology with many
striations. These rough surfaces are as a result of the
frictional contact of the fibers between each other. From
Figure 3b it can be seen that the milk weed fibers have a
very smooth surface morphology. This smooth and lustrous
effect on the fiber surface is observed as a result of the wax
content in the fibers.

Like cotton, milkweed fiber is a single cell fiber but without
convolutions. It is evident from Figure 4b that the
milkweed fibers are hollow in nature, which aids in better
capillary action and air permeability, while the other fibers
are completely solid structures. In case of agave Americana
there are few fibrils floating on the surface of the fiber.
Both the bast fibers have uneven surface morphology along
the width and diameter of the fiber varying across the
length of the fibers.

Table 2. Physical properties of fibers

Property Milkweed Sansevieria Agave Americana Jute Hemp
Tenacity (g/tex) 16.575 53.58 13.423 30 55
Fineness (tex) 0.11 5.33 26.22 1.8 20
Density (g/cc) 0.9 1.35 1.38 1.45 1.48
Moisture Content (%) 10.4 10.5 8.85 12.5 8
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Figure 3. SEM images of fibers (a) Agave Americana (b) Milkweed (c) Sansevieria
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Figure 4. Longitudinal structure of (a) Agave Americana (b) Milkweed (c) Sansevieria
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From Figure 5, it can be observed that both the bast fibers
have functional groups like lignin, proteins and
hemicelluloses (identified by the presence of certain carbon
linkages) that are easily soluble. In case of the milkweed
fibers polysaccharides form the major portion due to the
presence of O-H and C-H linkage.

The crystallinity values of the fibers are calculated by the
intensity of light absorption at different wavelengths. The

Sansevieria fibers have the highest crystallinity values
which can be observed from Figure 6. This may be due to
the relative fineness of the fiber and the chemical groups
present in it. In case of the milkweed fibers, the crystallinity
values are comparable with the other seed fibers like cotton.
From Figure 6a it can be inferred that in case of Agave
Americana, the crystalline regions are scattered across the
different lattices.

Table 3. Assignment of FT-IR peaks and their relative sources

Wave Number (cm™) Vibration Source
1242.62 C-O Aryl Group Lignin
1420.93 C=C Stretching in Aromatic Groups Lignin, Hemi cellulose
1505.00 C=C Aromatic symmetrical stretching Lignin
1727.80 C=0 unconjugated Semi cellulose
3278.74 O-H Stretching Polysaccharides
2885.00 C-H Symmetrical Stretching Wax
1335.00 C-O Aromatic Ring Cellulose

(b)
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’

T T T
0 B 50

Figure 6. X-Ray diffraction graphs (a) Agave Americana (b) Milkweed (c) Sansevieria

Table 4. Crystallinity of different fibers

Fibers Crystallinity Index Crystallinity Ratio (%)
Agave Americana 54.0 68.5
Milkweed 413 63.0
Sansevieria 64.8 73.9
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From Figure 7, the initial weight loss due to evaporation of
water in sample was around 10.5%, 10% and 9%
respectively for milkweed, Sansevieria and Agave
Americana. From Table 4, it can be observed that the
degradation for the Agave Americana starts first at 230 °C
which may be due to the reason of low moisture regain
values compared to the other fibers. For milkweed and
sansvieria, the degradation starts at 260 °C and 280 °C
respectively after the evaporation of 10% moisture.

The presence of polysaccharides, wax and cellulose in the
milkweed fibers results in very low residual content, while
for the two bast fibers a residual content of around 25% is

7O A
60
50
40

30

found due to the presence of lignins and proteins. In case of
the milkweed fibers, the loss in weight is sudden and
continuous where as in case of the bast fibers, degradation
starts at a point and then it remains stable over a short
period and then continues to degrade.

From Figure 8, it can be observed that the Agave
Americana fibers show exothermic peak around 80 °C,
milkweed shows around 60 °C and Sansevieria fibers,
around 364 °C. In case of Sansevieria, at around 90 °C,
there is a small occurrence of a peak, but there is a higher
rate of reaction at 364 °C, indicating the presence of a
substance that is volatile at higher temperatures.

DTG /(%/min)

R e s
/ 2

Residual Mass: 23.30 % {548.1 °C) |

(a)
(b) 100 200 T rai".ﬂﬂ rc 400 500
empe re
TG/
100 { =
o0
B0
TO
S0
50
40
30
(c) L 100 200 Tempgraa;ﬂore e 400 500
Figure 7. TGA and DTG graphs of fibers (a) Agave (b) Milkweed (c) Sansevieria
Table 5. Thermal degradation values of fibers
Fibers Degradation Temperature, Ty (°C) Maximum Degradation Temperature, Tppa, (°C)
Agave Americana 230 360
Milkweed 260 340
Sansevieria 280 375
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Figure 8. DSC curves of (a) Agave (b) Milkweed (c) Sansevieria

4. CONCLUSION

In this paper natural fibers namely — milkweed fiber, agave
Americana fiber and sansevieria roxburghiana fibers have
been studied experimentally to determine the physical,
chemical, morphological and thermal properties by FTIR,
SEM, PLM, X-Ray Diffraction, DSC and TGA analysis
methods. Sansevieria fiber was observed to have the highest
tenacity of 53.58 g/tex and maximum degradation
temperature of 375 °C. Milkweed fibers were found to have
the lowest density of 0.9 g/cc and possessed hollow

structure with smooth surface as observed from SEM and
PLM techniques. Agave Americana fibers were found to
have a crystallinity index of 54% and the highest was
recorded for sansevieria fibers having 64.8%. Bast fibers
possessed functional groups like lignin, proteins and
hemicellulose  whereas milkweed fibers possessed
polysaccharides as a major constituent. Agave fibers were
found to have greater residual mass of 25.42% at 548.2 °C
as observed from TGA graphs.
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ABSTRACT

Cellulose monoacetate/Nafion (CMA/N) hybrid nanofibers were produced via a one-step ARTICLE HISTORY
electrospinning method. Nanofibers morphologies transformed from uniform to bead on a string .

defect morphology with increasing Nafion ratio in CMA/N hybrid nanofibers. The melting point of Received: 24.12.2018
CMA was detectable at DSC measurement, but since the addition of Nafion did not allow a proper Accepted: 16.07.2019
crystallization of CMA, melting peak disappeared after the Nafion addition. Decomposition
temperature decreased dramatically with the addition of Nafion into CMA/N nanofibers and
decomposition took place at a broad temperature range. Nanofibers were also electrospun on the
cylindrical graphite electrode for DNA electrochemical sensor analysis. Unmodified and NH-
modified single strand DNA molecules were immobilized via physical adsorption method on the as-
prepared nanofiber sensory system. Electrochemical analysis were performed via differential pulse
voltammetry (DPV) to observe the guanine oxidation signal at unmodified and NH-modified DNA.
Maximum oxidation signals were detected from pure CMA nanofibers at unmodified DNA. Signal
intensity increased with the addition of Nafion into CMA/N nanofibers at NH-modified DNA sample Nafion. cellulose monoacetate
comparing to unmodified DNA. It was concluded that DNA molecules could be properly immobilized cle ctro;pinnin ¢, nanofibers ’
on the produced CMA/N hybrid nanofibers via physical adsorption method and used as DNA biosensor’ ’
electrochemical DNA biosensor.

KEYWORDS

1. INTRODUCTION Cellulose is a biopolymer which can be obtained or
extracted from algae, plants and even bacteria [10-12].
Because of its biocompatible and environmentally friendly
nature [13], it has been used in a variety of different areas
including fibers for textile products [14], in vivo biomedical
applications [15], etc. It is inexpensive and readly
availablity including its environmetally and biocompatible
properties makes cellulose a promising candidate to use in
biosensor applicaitons. Cellulose and cellulose derivatives
are produced in micro and nanostructured fibers forms for
different applications [16, 17]. Electrospun cellulose acetate
nanofiber by loading vitamins as transdermal and dermal
therapeutic agents of vitamin A acid and vitamin E were
prepared and studied by Taepaiboon et al. [18]. Ultrafine
cellulose nanofiber membranes were produced via
electrospinning of cellulose acetate and the following
deacetylation process [16]. Electrospinning of cellulose

Nanofibers are promising structured materials which have
very broad application areas including bio-separation,
filtration, wound healing, energy production and storage
[1-5]. Their high surface area to volume ratio makes
nanofibers preferable materials to use in the devices to
enhance the device performance. For example, a high
surface area of gold nanofiber electrode as fructose base
biosensor was prepared by electroless deposition of gold
nanoparticles on an electrospun poly(acrylonitrile)-
chloroauric acid tetrahydrate [6]. Electrospun poly(vinyl
alcohol)/glucose oxidase composite nanofiber membranes
were produced as enzymatic electrodes for biosensors by
Ren et al. [7]. Titanium dioxide and zinc magnesium oxide
ceramic nanofibers were prepared with enhanced optical
properties via sol-gel electrospinning method [8, 9].

To cite this article: Bostanci A., Aladag Tanik N, Aykut Y. 2019. Cellulose Monoacetate/Nafion (CMA/N) hybrid nanofibers as interface
for electrochemical DNA biosensors. Tekstil ve Konfeksiyon 29(3), 228-236.
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derivatives including cellulose acetate, hydroxypropyl
cellulose, hydroxypropyl methyl cellulose, and ethyl -
cyanoethyl cellulose was reviewed by Frey [19].

Nafion nanofibers have been fabricated via electrospinning
technology by blending with other polymers. Nafion/
polyacrylonitrile blend nanofibers as the precursor 3t
porous carbon nanofibers were prepared by Tran and Kalra
[20]. Nafion/poly(ethylene oxide) composite nanofibers
with an excellent shape memory properties were prepared
via solution electrospinning method [21]. In another study,
Dong et al. reported the preparation of Nafion/poly
(ethylene oxide) nanofibers (with high Nafion contents)
with high proton conductivity that is higher than the bulk
Nafion film. They reported that proton conductivity increases
by decreasing nanofiber diameter [22]. Polyvinyl alcohol
nanofiber reinforced Nafion membranes with good
mechanical and thermal properties were produced for fuel
cell applications [23]. Nafion/polyvinyl alcohol composite
nanofiber structures with high mechanical properties were
produced by electrospinning as a functional adsorbent for
heavy metals [24].

Electrochemical DNA biosensors have been used as the
devices to monitor DNA damage and repair [25, 26] and
base oxidation on a DNA molecules [27]. So, there are
different applications of DNA biosensors such as clinical
diagnosis [28], genetically modified organisms detection in
foods [29], forensic analysis, environmental monitoring
[30], etc. Nafion has been used with other materials to
construct DNA biosensors. DNA damage was detected via
electrochemical method by wusing a hemin/Nafion-
graphene/glassy carbon electrode hybrid system [31].
Graphene-ionic liquid-Nafion modified pyrolytic graphite
electrode (PGE) was used for the direct detection of DNA
damage by electrochemical impedance spectroscopy [32].
Graphene-Nafion composite film was produced and used
for a sensitive impedimetric DNA biosensor for the
determination of the human immunodeficiency virus gene
[33]. A DNA-based biosensor was prepared with Nafion
and chitosan membrane to investigate antioxidant
properties of beverages (beer, coffee, and black tea) by
observing DNA degradation under in vitro conditions [34].

In this study, the preparation of Cellulose monoacetate/
Nafion (CMA/N) and their use as electrochemical DNA
biosensor have been investigated. Use of the Nafion based
nanofibers for electrochemical DNA biosensor applications
haven’t been reported yet in the literature. In this regards,
the polymer blend of CMA and Nafion with the different
ratio up to considering a maximum content of Nafion in
hybrid nanofibers until obtaining homogeneous solutions
were prepared and electrospun into nanofiber structures.
Morphologies of as-spun CMA/N hybrid nanofibers were
observed by SEM, and chemical analyses of nanofibers
were conducted with FTIR spectroscopy. Thermal
characterizations of CMA/N hybrid nanofibers were carried
out with DSC and TGA methods. In the literature it was
pointed out that Guanine in a DNA molecule oxidizes more
than other bases in an appropriate condition [27]. So,

electrochemical sensing properties of nanofibers were
investigated by focusing on the guanine oxidation signal in
adsorbed DNA molecules on CMA/N hybrid nanofiber
surfaces.”

2. MATERIAL AND METHOD
2.1. Chemicals for CMA/N Electrospinning Solutions

Cellulose monoacetate powder (Mn~30.000, CMA, Sigma
Aldrich) and ~5wt. % of Nafion in a mixture of lower
aliphatic alcohols and water solution were used for
electrospinning. Electrospun polymer solutions were
prepared in acetone (99% purity) and all chemicals were
used as received without further purifications.

2.2. Electrospinning of Cellulose Monoacetate/Nafion
(CMA/N) Hybrid Nanofibers

15 wt. % CMA was appropriately dissolved in acetone.
Then, previously received Nafion solution was added into
the CMA/acetone solution with the CMA/Nafion volume
(solutions) ratio are 4/0, 4/1, 4/2, and 4/3. Mix solutions
were magnetically stirred until obtaining a proper
homogeneous solution. The prepared solutions were
electrospun into the nanofibrous structure by applying 20
kV voltage to the solution. CMA/N solutions were fed with
a micropump system via a plastic syringe which has a metal
needled set in front of the nanofiber collector system with a
distance of ~10 cm Flow rate was 1 ml/hr. Schematic
illustration of the electrospinning process is shown in
Figure 1. Because of the applied voltage, the solution
droplet just left the needle was ejected from needle to
collector. Solvents were evaporated till reaching to the
collector and the mixed polymers were collected as the
nanofiber forms on the collector. In order to collect
nanofibers on the cylindrical graphite electrode, the PGE
was attached in front of a rotating apparatus and hold
between the tip of the needle and the collector.
Consequently, the rotating PGEs were directly coated by
these electrospun nanofibers simultaneously during the
electrospinning process.

N-CMA Nanofiber Coated
Cylindrical Graphite

| Polymer Solution
== L
- s

[ Voitage: [FTY 6 6 O®

Power Supply

Grounding

Figure 1. Schematic illustration of CMA/N hybrid nanofibers coating on
the cylindrical graphite electrode.

2.3. Characterization of Nanofibers

The morphological characterizations of CMA/N nanofibers
both on cylindrical graphite and plain surface were carried
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out with a scanning electron microscopy, SEM (ZEISS
EVO 40). 15-20 kV acceleration voltages were applied
during the measurements. Before SEM analysis, samples
were coated with gold-palladium with around 100°A
thickness. Chemical analyses of as-spun CMA/N hybrid
nanofibers were performed with an attenuated total
reflection Fourier transform infrared spectra (ATR-FTIR,
Thermo Nicolet 1S50). ATR-FTIR measurements were
conducted between the wavenumber ranges of 4000 to 400
cm . Thermal analyses of nanofibers were carried out via
differential scanning calorimetry (DSC) and
Thermogravimetric analysis (TGA) measurements. DSC
measurements were conducted from 25 to 250°C with a
heating rate of 10 °C/min under the nitrogen atmosphere in
a measurement pan and TGA measurements were
conducted from 50 to 800°C (heating rate of 10°C min ') in
a nitrogen gas atmosphere.

2.4. Probe Immobilization and Electrochemical Analysis

Two different as unmodified and NH-modified single
strand DNA probes were immobilized on CMA/N hybrid
nanofibers coated cylindrical graphite -electrodes, and
electrochemical measurements were conducted via
investigating the voltammograms of the guanine oxidation
signals of probe immobilized surfaces (Figure 2).
Oligonucleotide probe immobilizaiton solutions were
prepared at laboratory condition in TBS (pH 7.0) containing
20 uM NaCl and 10 pg/ml prob. Nanofiber coated PGEs
were kept 20 min in this solution to properly immobilized
ssDNA on the nanofiber surfaces.

Nucleotide sequences of unmodified DNA’s are ssDNA:
5’-GAA CAC GTG TAT GTT GAG-3’ (ALPHA DNA
(Canada)), and NH-modified DNA’s are ssDNA: 5’-/ 5

Cylindrical graphite electrode (PGE)

N-CMA nanofiber coated PGE

ssDNA immobilizaiton
Electrochemical measurement

Am/GAA CAC GTG ATA GAA GAG-3’ (Sentegen
(Ankara, Turkey)). Electrochemical characterizations were
carried out in laboratory condition. Probe immobilization
solutions of oligonucleotides of samples were prepared as
in the published study [35]. Both unmodified and NH-
modified ssDNA samples were immobilized on CMA/N
coated pencil graphite electrodes (PGEs, (Tombo HB
model 0.5 mm)) [36, 37]. All the samples were washed with
TBS to remove mobile ssDNA molecules. Electrochemical
analyses were performed via Differential Pulse
Voltammetry (DPV) measurements by using PGSTAT204
digital potentiostat/galvanostat using NOVA software
package (Eco Chemie). Probe immobilized CMA/N hybrid
nanofibers were used as the working electrode. The
reference electrode was Ag/AgCl and auxiliary electrodes
was a platinum wire for the measurements. 1 cm of the
probe immobilized part was immersed in ABS solution and
electrochemical measurements were performed. During the
electrochemical measurement, the oxidation signal of
guanine was observed at about +1,0 V.

3. RESULTS AND DISCUSSION

Electrospun CMA/N hybrid nanofibers were produced from
different CMA/Nafion solutions volume ratio. Transparent
homogeneous solutions were obtained up to 4/3 ratio.
Increasing Nafion solution ratio leads to inhomogeneous
solution property and solution became blurry after 4/4
CMA/Nafion solution ratio (Figure 3A). Even blurry
solutions were obtained at 4/4, the solution was not
electrospun into nanofiber structure at this ratio and further
increasing Nafion content in the solution. Uniform hybrid
CMA/N nanofibers were collected on the cylindrical graphite
electrode surfaces on a regular basis (Figure 3B and 3C).

Three probe electrode system

1: Working electrode

(DNA on N-CMA hybrid Nanofibers)
2: Auxiliary electrode (Platinum)

3: Reference Electrode (Ag/AgCl)

4: Acetate buffer solution (ABS)

Figure 2. Schematic illustration of CMA/N nanofibers biosensor preparation and the electrochemical procedure for detecting guanine

oxidation on the ssDNA.

—=xCyclindi rlcaLGLaﬁh#e ‘_F.Itectrofée

Figure 3. (A) Photograph images of prepared CMA/Nafion solutions in acetone, and (B, C) SEM images of CMA/N hybrid nanofiber

coated PGEs.
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3.1. Morphology

Nanofibers were also collected on a plain aluminum surface
to better investigate the effect of CMA/ratio on the
nanofiber morphologies. Low magnification SEM images
of pure CMA and different ratio of CMA/N hybrid
nanofibers are shown in Figure 4. Pure CMA nanofibers are
more uniform (Figure 4A), and increasing Nafion ratio in
CMA/N  hybrid nanofibers, nanofibers uniformity
transforms to bead on a string morphological structures and
the number of beads increases dramatically with increasing
Nafion ratio in CMA/N nanofibers (Figure 4D). This might
be the effect of inhomogeneous properties of the solution
with increasing Nafion solution ratio.

Low and high magnification SEM images of pure CMA and
CMA/N hybrid nanofibers in 3D network structures are
shown together in Figure 5 to better investigate the effect of
polymer ratio on nanofiber uniformities. Irregularity
increases tremendously with increasing Nafion ratio,
nanoparticulate formations are observed on and among the
nanofibers, and ultrafine nanofibers are also seen in the
mat. Both ultrafine and bigger nanofibers are observed

comparing pure CMA nanofibers. More flattened
nanofibers structure at pure CMA, and nanofibers turned to
more rounded nanofiber morphologies with the addition of
Nafion.

Figure 4. Low magnification SEM images of CMA/Nafion nanofibers
depending on CMA/N ratio in electrospinning solution:
(A) 4/0, (B) 4/1, (C) 4/2, and (D) 4/3
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Figure 5. SEM images of CMA/Nafion nanofibers depending on CMA/N ratio in electrospinning solution: (A1, A2) 4/0, (B1, B2) 4/1,

(C1,C2) 4/2, and (D1, D2) 4/3.
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Electrospun fiber diameter distribution charts were given in
Figure 5. Majority of fiber diameters are set between 500
nm and 1,5 um in pure CMA nanofibers. Addition of
Nafion into CMA nanofibers causes nonhomogeneous fiber
diameter distribution and two different fiber diameter
phases and both nano- and micro- fibers are exist in the
fibrous mat structure. Increasing the Nafion content in
CMA/N hybrid nanofibers the average diameters of both
nano- and micro- fibers increased in the nanofibrous mat
structure.

As seen from Table 1, viscosity decreased with nafion
addition into CMA/acetone solution. But, increasing nafion
ration in the solution leaded to increase of viscosity again.
This related to inhomogenious solution property of the
solution. As seen from Figure 3, solutions were transparent
at low nafion content and transformed into blurry look with
increasing nafion ration. In Figure 5D, existence of thick
fibers in the nanofiber mat could be related with this
viscosity increase. Occurance of beaded structure in the mat
could be related to increase of solution viscosity with the
addition and increase of nafion content. Formations of the
beaded morphologies in the nanofibrous mat structure could
also be related to increase of electrical conductivity of the
solution by increasing Nafion ratio. Since there is no
dramatic change at the surface tension, it was concidered
that there is no significant effect of surface tension on the
nanofiber diameter change in this study.

3.2. Chemical Analysis via ATR-FTIR

ATR-FTIR investigation of pure CMA dried Nafion, and
CMA/N hybrid nanofibers were demonstrated in Figure 6.
In the pure CMA nanofibers, predominant peaks are located
at 1047 and 1234 cm™ related to (C-O-C), peak at 1379 cm™
! corresponds to (C-CH3), and the peak at 1743 cm™ can be
attributed to (C=0O from acetyl groups) [38, 39]. OH
stretching band was observed as a broad peak around 3450
cm ' [40], and this peak intensity increases and shifted to
lower wavenumber by increasing Nafion ratio in CMA/N
hybrid nanofibers. Since the amount of HSO; group
increase with increasing Nafion ratio, and HSO; groups
hold water molecules, OH stretching also increased with
increasing Nafion ratio as a result of absorbed water
molecules [41]. Characteristic Nafion peaks were seen at
CMA/N hybrid nanofibers. Peaks at 1141 and 1205 cm'

correspond to the symmetric and asymmetric stretching
vibrations modes of -CF, [21, 42]. Bending vibration of
CF, was detected at 632 cm™ [21]. The peak at 1057 cm ' is
related to the SO;H groups and it can be attributed to the
stretching vibration of SO; [21,43]. The peaks are seen at
966 and 986 cm™' may arise from the stretching vibration of
C-0O-C, respectively [42, 43]. Characteristic peaks come
from Nafion were not seen clearly at CMA/N hybrid
nanofibers that may be due to mostly CMA molecules exist
at the surface of the nanofibers.

Pure Nafion (0/4)

400 1000 1600 2200 2800 3400 4000

N-CMA NFs (4/3)

400 1000 1600 2200 2800 3400 4000

N-CMA NFs (4/2)

Absorbance (a.n.)

400 1000 1600 2200 2800 3400 4000

N-CMA NFs (4/1)

400 1000 1600 2200 2800 3400 4000
Pure CMA NFs (4/0)
400 1000 1600 2200 2800 3400 4000

Wavenumbers (cm™)

Figure 6. ATR-FTIR spectra of CMA/Nafion hybrid nanofibers
with differing mixing ratio.

Table 1. Characteristics of measured electrospinning solution parameters

CMA/N Ratio Shear viscosity (cP) Surface tension (MmN m™) Conductivity ~ (uS cm™)
4/0 700 31.52 6
4/1 500 33.05 65
4/2 400 34.98 127
4/3 600 34.30 237

*CMA/N = Cellulose monoacetate/Nafion hybrid nanofiber
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3.3. Thermal Analysis of As-spun NFs with DSC and TGA

Pure CMA nanofibers (Figure 7a) present a broad peaks
around 226 °C, which is associated with the melting
temperature of CMA nanofibers [2]. Glass transition of
CMA is detected around 197 °C [44]. Even though melting
temperature is clearly seen at CMA nanofibers, since it may
be Nafion addition does not allow an appropriate
crystallization of CMA, melting points for CMA are not
detectable at CMA/N hybrid nanofibers. These peaks
disappeared with the addition of Nafion to CMA as a result
of a proper blend of Nafion and CMA in the
electrospinning solution (This can be seen at the transparent
solution phase in Figure 3A). The broad peaks observed
around 150, 157 and 161°C for 4/3, 4/2 and 4/1 CMA/N
hybrid nanofiber samples may be associated to thermal
energy absorbed to loosen the strong association of the
pendant sulfonic acid groups [45]. This peak shifts to
higher temperature with increasing CMA content in
CMAV/N hybrid nanofibers (Figure 7d).

Thermal stability and weight loss with the temperature of
pure CMA and CMA/N hybrid nanofibers in a nitrogen
atmosphere are observed by TGA and DTG plots and
demonstrated in Figure 8. Weight loss between 50-100°C
corresponds to the removal of water from the nanofibers.
As it is seen from the TGA plot, comparing pure CMA
nanofibers weight loss originated from water removal is
higher at CMA/N nanofibers and increase with increasing
Nafion ratio since more water molecules are held by
CMA/N hybrid nanofibers. Single major weight loss is
observed around between 272-398°C for pure CMA

100

nanofibers that related to removal of volatiles produced
from the decomposition of the polymer [46]. Major weight
loss is divided into different parts and weight loss
temperature fluctuated at CMA/N hybrid nanofibers.
Thermal degradation temperature decreases dramatically
with the addition of Nafion into CMA nanofibers and
decomposition occurs at a broad temperature range.
Residual of the materials after TGA measurements are
about 18.05, 20.02 and 20.01 wt. % respectively for 4/0, 4/1
and 4/3 CMA/N hybrid nanofibers.

DSC of N-CMA hybrid NFs

Heat Flow (Endo Up)

(a)

27 52 77 102 127 152

Temperature (°C)

177 202 227

Figure 7. DSC thermograms of CMA/N hybrid nanofibers
depending on CMA/N ratio in electrospinning solution:
(a) 4/0, (b) 4/1, (c) 4/2, and (d) 4/3.
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Figure 8. (A) TGA and (B) DTG thermograms of CMA/N hybrid nanofibers in nitrogen gas atmosphere (depending on CMA/Nafion

ratio in electrospinning solution): (a) 4/0, (b) 4/1, (c) 4/3.
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a. Electrochemical Biosensor Analysis of As-spun
Hybrid NFs

As mentioned that electrochemically guanine oxidation is
most detectable than other bases, so guanine oxidation
signal is focused in this study [47]. During the
electrochemical measurement, oxidation signal of guanine
was observed at about +1,0 V by using CMA/N nanofiber
electrodes for both neat ssDNA (Figure 9A) and NH-
modified (Figure 9B) ssDNA samples. As it is seen from
Figure 9A, signal intensity is maximum (1.69 pA) for pure
CMA nanofibers at neat ssDNA sample. Intensities are
1.69, 1.16, 0.89, 1.27 pA for 4/0, 4/1, 4/2 and 4/3 for neat
ssDNA on CMA/N nanofiber samples tested sequentially.
Initial addition of Nafion into CMA nanofibers decreased
the signal intensity comparing to pure CMA nanofibers.
Increasing the Nafion ratio in CMA/N nanofibers first
decreased the intensity of the signal and increased it again
if the Nafion ratio continuously increased, but the signal
intensity did not pass the intensity of pure CMA. Intensities
are 0.09, 0.38, 1.06, 0.79 nA for 4/0, 4/1, 4/2 and 4/3 for
NH-modified ssDNA on CMA/N nanofiber samples tested
sequentially. Comparing neat DNA, signal intensity
increases with the addition of Nafion into CMA/N
nanofibers at NH-modified ssDNA sample since it may be
an interaction between NH groups on ssDNA and SO,
groups on Nafion. Negatively charged Nafion molecules in
CMA/N hybrid nanofibers could be interacted more
positively charged guanine bases between biosensor surface
and ssDNA molecule leads to signal enhancement [48]. Hu
et al. reported that DNA molecules could be bonded to
sulfonic groups from the amine groups of DNA [49]. So,
NH modified DNA molecules could be strongly attached to
the nafion containing CMA nanofibers comparing to
unmodified DNA samples and the electrochemical signal
intensity could be enhanced. Guanine oxidation enhancement
was also reported by Cam et al, by addition of polyaniline
into polyacrylonitrile nanofibers [35]. DNA molecules were
physically adsorbed on the polyacrylonitrile/polyaniline

nanofibers and the signal enhancement was related to the
conductive nature of polyaniline comparing. So, it was
concluded that if there is a strong interaction between the
surface of nanofibers and the DNA molecules, the
electrochemical signal intensity increases properly.

4. CONCLUSION

In this study, cellulose monoacetate/Nafion hybrid
nanofibers have been fabricated via electrospinning
technique on the cylindrical graphite substrates. Increasing
the Nafion ratio leads to inhomogeneous solution property
and solution transform from transparent to blurry phase. At
the same time, nanofibers morphologies transform from
uniform structure to bead on a string defect morphology
with increasing Nafion ratio in CMA/N hybrid nanofibers.
Neat and NH-modified single strand DNA molecules were
immobilized on as-prepared nanofiber-PGE systems.
Guanine oxidation signal intensity changes were observed
regarding CMA and addition of Nafion into CMA/N
nanofibers at NH-modified ssDNA. The strong interaction
between biosensor surface and ssDNA molecule leads to
signal enhancement. The examined CMA/N hybrid
nanofibers could be a promising interface for DNA
biosensor devices.
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ABSTRACT

In recent years, the droughts which have been occurring as a result of global warming, indicate that
we need to take serious measures regarding water saving. Contributing to the preservation of the
ecological equilibrium by creating environmentally conscious projects in landscape design confronts
us as a requirement of professional discipline. In this regard, the necessity to gravitate towards uses
which can save water instead of wide grass fields becomes obvious. Stone garden designs, which we
encounter in this very moment, present an environmentally friendly alternative to aquatic gardens.
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It is thought that, alongside saving water with stone garden designs, the geotextile materials used in
these designs would prevent the stones sinking into soil as well as preventing the occurrence of weed,
hence lessening the usage of chemicals thus generating gains with regards to decreasing soil
pollution. Based on this, the performances of the texturally and structurally different geotextile
materials chosen as samples were tested at the testing grounds at the Ege University Bayindir
Vocational Training School Campus. Recommendations with regards to ecologically conscious stone
garden landscape designing have been made in accordance with the gathered findings.
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1. INTRODUCTION products made for their technical performances and
functional attributes instead of their aesthetic or decorative

In the agricultural sector, the climatological conditions attributes” [1].

which take place from planting to harvest have great

consequences on the economic value and the quality of the
produce. During the production of agricultural produce,
agricultural technical textiles have been begun to be used in
order to minimise the effects of adverse natural conditions
and protecting, harvesting and the preservation of the
products.

Technical textiles, by definition, are based on the uniting
quality of bringing together the performance and decorative
attributes and the functions of a quickly increasing number
of textile products, thus expressed as “Textile material and

In many applications such as fishing, the packaging of
agricultural produce, in the acceleration of the growing
processes of plants, the protection of products from UV-
rays, protecting animals from adverse weather conditions in
husbandry, the disinfestation of agricultural areas, in
preventing weed growth, erosion and many other
applications such as drainage, agricultural technical textiles
are used [1, 2].

The protection of natural resources such as soil, air and
water, which are essential elements of life itself, is a very

To cite this article: Cakar H, Akat Saragoglu O, Kili¢ C.C. Akat H, Yiicel O. 2019. The performance analysis of geotextile materials
used for irrigation water and weed control in stone garden landscape design. Tekstil ve Konfeksiyon 29(3), 237-245.
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important ecological topic. The recent population growth,
technological advances, quickly increasing consumption
alongside growing industrialism and climate change caused
by global warming, cause the quick deterioration and
destruction of natural resources [3]. In this vein, the
emphasis put on “natural resources not being completely
consumed short term and consumed in a manner which
would create a balance between humankind and the nature
and allowing the future generations to subsist” in the 1987
report by the World Commission On Environment And
Development, has caused the subject of environmental
sustainability to gain increasing importance [4]. At this
juncture, the choice of water-efficient landscape designs
over traditional landscape designs which require great water
consumption confronts us as an obligation [5-7].

Water, which is amongst natural resources; is a massively
important element which affects life directly, causes
maximum efficiency between natural resources, which
cannot be produced artificially by humankind and has no
alternative. In this day, due to the increased water demand
connected to technological advancements and climate
change connected to global warming continuously lessen
the number of clean water sources [8, 9].

Corresponding to the increasing population on soil, the
fastest consumed resource on soil is water. In order to at
least preserve the status quo of this crucial resource, it
needs to be used efficiently. The efficient usage of
irrigation water may be achieved by using it in the amount
the plant being grown requires. With this objective,
irrigation can be carried out in a controlled and regulated
manner by supplying irrigation water consistent with the
requirements of the plant to be irrigated.

The water consumption reaching great heights in large
outdoor areas such as parks or gardens require the
development of new landscape designs which use the least
amount of water possible in these areas. Due to this reason,
under the larger concept of Water-Efficient Landscaping
using water in an efficient manner has come up under
different names [Water-Wise, Water-smart, Low Water]
and gave birth to a new concept against traditional
landscape design [10].

In present day when the water resources are quickly being
diminished, trailing plants need to be chosen instead of
large grass facets which require a great amount of water.
Moreover, as an alternative to the aesthetic uses of grass,
“stone garden” landscaping designs are being talked about.
The concept of “stone gardens” which gives ease of
maintenance and minimises water consumption plays a
great role in creating environmentally conscious projects
[11-13].

For the stone gardens which present themselves as an
aesthetically valuable and environmentally conscious water

saving alternative to be long-lasting, the necessary attention
must be paid during the preparation stage of the application.

Failing that, the aesthetic effect produced during the
erroneous executions during the application of the stone
garden landscape designs will not last long, the stones laid
on the ground will sink and the stone gardens will leave
their places to a sight completely taken over by weeds.

Aim of this research is to find out the most suitable
geotextile materials used in garden designs would prevent
the stones sinking into soil as well as preventing the
occurrence of weed, hence lessening the usage of chemicals
thus generating gains with regards to decreasing soil
pollution. Additionally, recommendations have been made
to be able to create long lasting and environmentally
conscious projects by establishing weed control in stone
garden landscape designs and ascertaining the requirements
to desired outcome long lasting without maintenance.

2. MATERIAL AND METHOD

The research was carried out at the Ege University Bayindir
Vocational Training School during the 3-month long
summer period of 2018. In the research which is an open
field experiment, different geotextile materials were used to
prevent the detrimental effects of the practical materials
used in landscape designs. Alongside this, stone materials
which are popular in the stone garden landscape designs
were used. With this objective, 4 different geotextile
materials and 4 different stone materials were taken under
trial during the examination application. The materials used
for this purpose are summarized below.

2.1 Research Subjects

Uncovered group (GO): It has formed the examination
application subjects in the research. No geotextile material
has been used. In this research topic only the topics
regarding the soil surfaces on which the stones were laid
have been examined.

Covered group (GT): They are research subjects which
consist of geotextile materials which have different
attributes. All the geotextile materials and stone materials
which have been included in the research are shown on
Table 1.

The research was carried out with 3 replications according
to the experimental design on randomized blocks. The
research, which was conducted as an open field pot
experiment, used square cut plastic pots sized 25x25x25 cm
with a drainage exit at the bottom. 60 pots were filled with
gravels and then local soil silt in texture which has national
attributes to establish 15.625 litre root volume.
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Table 1. Some physical properties of geotextile and stone materials used in the research

2

Code Geotextile Materials Abbreviation g/m
Gl Polyethylene layer (0.30 mm) PE 160
QG2 Polypropylene PP 78
G3 %100 Polyester un-textured surface PES 175
G4 Jute sack JU 280
Code Stone Materials Colour Grain Size (cm)
S1 Sand (washed creek sand) Natural colour 0,1-0,2
S2 Creek Pebble Grey 2*3
S3 Dolomite White 1*#3
S4 Volcanic Tuff Dark shade 1,2-1,8
Unecovered Polyester || Jute
Uncovered Polyester Jute Polyethylene %
=
-
- Jute Polyethylene Polypropylene >‘ L
- Polyethylene Polypropylene Uncovered E
K
- Polypropylene Uncovered || Polyester
- Unecovered Polyester Jute
Z
Unc Polyester Jute Polyethylene =]
=
o
- Jute Polyethylene Polypropylene >‘ 5
- Polyethylene Polypropylene Uncovered %
=
a
Polypropylene Uncovered Polyester
- _
- Uncoverad Polyester Jute
Uncovered Polyester Jute Polyethylene %
=
-
- Jute Polyethylene Polypropylene >— g
=
By
- Polyethylene Polypropylene Uncovered 5
=
-
- Polypropylens Usncovered || Polyester

\ )\ )\

J\ J

I |

VOLCANIC TUFF DOLOMITE CREEKPEEELE

[ I

SAND

Figure 1. Distribution of applications in the study area and experimental design.

As botanical material; small leafed the sedge plant
(Cyperus roduntus) which can develop much more than the
wide leafed cultivated plants in the Aegean Region, which
is hard to combat the adversary effects of, and commonly
seen in the region and the common purslane (Portulaca
oleracea) which is wide leafed so that the differences may
be observed in leaf forms, which stays in vegetation
throughout the summer season, were used.

The culture of the examined Cyperus roduntus herbs was
obtained by the plantation of the Cyperus roduntus tubers
gathered from the land which makes up the experiment area
of 5 each in every pot. Also, in order to observe the reaction
of seed germination under geotextile material, 43 seeds
each from the Portulaca oleracea plant was planted into
each pot. Because the seed germination ratio for the
Portulaca olerecea is 94% according to Tulukcu [14], the
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germinated number of Portulaca oleracea is estimated to
be 40 for every 43 seed.

Later on, by laying the stone materials on top of the
geotextile materials, with for different geotextile materials
and 1 control group, the pots were made ready in order to
form combinations of the 4 different stone groups.

Drip irrigation system was used during the dispersal of
irrigation water to the pot environments and the application
of it. With this objective, drip irrigation laterals made of PE
pipes with an outside diameter of 16 mm have been placed
on the pots and a dripper with a flow rate of 2.3 litre/hour
for each plant was placed on the lateral line. The
automation was established by using a pressure regulator on
the pump exit, valve, filter and an electro-valve.

The amount of water used for the irrigation of the materials
in the experiment field pots was ascertained by the usage of
the aforementioned meter. The drained irrigation water
which couldn’t be held by the geotextile material and the
soil was discharged using 1 drainage hole in the middle of
the pot, with a diameter of 16mm. Before the drained water
was discharged from the system, it was tested for volume
and the electrical conductivity (EC) and pH measurements
were made. The amount of the irrigation water applied to
the pot environment was regulated based on the amount of
yearly rainfall the Aegean Region receives.

In order to ascertain how much the used geotextile material
hampers light, one of the most important competitive
factors between plants, the volume of light beneath and
above the geotextile was measured using a luxmeter on a
regular basis. The temperature of the soil in the pots was
also measured on a regular basis using a pot type digital
thermometer. External temperature measurements were also
made during the research in order to gather meteorological
data for the duration of the research.

The findings gathered at the end of the experiment were
entered to the digital environment using the Microsoft
Office 2010 Excel programme. Later on using this data, the
necessary statistical analyses such as the Kruskal Wallis
Test and Mann-Whitney U Test were carried out on the
SPSS programme and the data gathered after the analyses
were interpreted.

3. RESULTS AND DISCUSSION

The research findings were given out in 3 different groups,
labelled as “Per the type of geotextile material”, “Per the
type of stone material” and “Per the condition of having
geotextile material”.

- The evaluation carried out per the type of the geotextile
material was carried out by having the same common
stones on the geotextile material for every group.

- The evaluation carried out per the type of stone material
was carried out by having the same common geotextile
materials underneath for every group.

- The evaluation carried out per the condition of having
geotextile material was carried out by comparing the pots
which contain geotextile material (the geotextile material is
the same for all the groups) to the ones which do not.

Per the type of geotextile material,

Per the type of the geotextile materials used in the research,
when they were viewed in terms of permeability, while
polyethylene shows no drainage at all, the highest amount
of drainage has been detected with polypropylene. The
group which contained no geotextile material on demonstrated
less drainage than the drainage in polypropylene (Table 2).

When the EC and pH values obtained from the drainage
water were observed, no significant statistical difference
has been found between the groups.

While the soil temperature was found to be the highest in
the group which contains no geotextile material, it has been
found out to be the least in the group which contains
polyethylene. Polypropylene group was found out to have
the highest soil temperature in the groups which contain
geotextile materials (Table 3).

While light transmittance was found to be at its highest
level in the group which contains no geotextile material, it
was recorded to be the least in the Jute group. Polyethylene
was recorded to be the highest light transmitting geotextile
containing group (Table 4).

In the evaluation made to ascertain the weed prevention
performance; while the weed growth has the largest ratio in
the group which has no geotextile material, polyethylene
and polyester were observed to give the same result for
both Cyperus roduntus and Portulaca olerecea and both
materials did not allow any weed to grow. Polypropylene
showed similar results to polyethylene and polyester when
it comes to Cyperus roduntus. Jute, on the other hand, was
more successful in terms of curtailing Portulaca olerecea
while showing very low levels of performance against
Cyperus roduntus (Table 5).

Per type of stone materials;

When the permeability, pH and weed prevention
performance of the stone materials used in the research
were compared, the groups showed no statistical difference.

While the highest levels of EC were observed in sand, the
lowest were observed in volcanic tuff (Table 6).

The highest levels of soil temperature were observed with
sand while the lowest were observed with dolomite (Table
7).

The highest values pertaining to light transmittance were
observed with dolomite while the lowest were observed
with sand (Table 8).
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Table 2. The level of drainage per the type of geotextile materials

Variable  Cover type Qty. Mean Minimum Maximum  Mean Rank Km. Sq. Degree of P value
Freedom
GO 12 578.17 170 930 29.75
Gl 12 0.00 0 0 7.5
Dr?;ﬁ;'ge G2 12 967.70 617 1225 50 36.67%** 4 0
G3 12 723.76 507.5 966.67 33.46
G4 12 607.86 0 1040 31.79
*** significance level a <0.01; ** significance level o <0.05; * significance level o <0.1
Table 3. The soil temperatures per the type of geotextile materials
Variable Cover type Qt Mean Minimum Maximum Mean Km. S Degree of P Value
typ y. Rank -S4 Freedom
GO 12 27.75 25.37 29.78 39.46
Gl 12 26.64 25.6 28.32 20.96
geC';'p”at“re G2 12 2768 26.43 29.78 36.96 9.427* 4 0,051
G3 12 27.21 25.32 29.78 29.71
G4 12 26.87 25.65 29.83 25.42
*** significance level o <0.01; ** significance level a. <0.05, * significance level a <0.1
Table 4. The light transmittance levels of the geotextile materials per type
Variable Cover type  Qty. Mean Minimum Maximum Mean Rank Km. Sq. Degree of P Value
Freedom
GO 12 13.68 1 34 42.33
Gl 12 6.43 1 16.5 35.46
I(llfil)t G2 12 3.26 1 10.17 30.54 12.415%* 4 0,015
G3 12 1.93 1 533 22.58
G4 12 1.71 1 4 21.58
*** significance level o <0.01; ** significance level o, <0.05; * significance level o. <0.1
Table 5. The amount of weed growth per type of geotextile material
Variable  Cover type Qty. Mean Minimum Maximum Mean Rank Km. Sq. Degree —of P value
Freedom
GO 12 11.17 5 20 54.04
Cyperus Gl 12 0.00 0 0 21
roduntus G2 12 0.17 0 2 22.83 46.417%** 4 0
(number) G3 12 0.00 0 0 21
G4 12 2.17 0 8 33.63
GO 12 10.92 0 23 52.33
Portulaca Gl 12 0.00 0 0 23
oleracea G2 12 0.25 0 1 29.13 42.276%** 4 0
(number) G3 12 0.00 0 0 23
G4 12 0.08 0 1 25.04
*** significance level a <0.01; ** significance level o <0.05; * significance level o <0.1
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Table 6. EC values per type of stone material

Stone Degree of
Variable group Qty. Mean Minimum Maximum  Mean Rank Km. Sq. Freedom P value
S1 11 791.65 613 997.67 36.82
S2 11 667.53 577.83 765.25 26.05
EC (nS/cm) 19.201%** 3 0
S3 12 636.97 577.83 828.25 18.88
S4 12 602.93 538.33 701.25 13.58
**% significance level o <0.01; * significance level o. <0.1
Table 7. Soil temperatures per stone material type
Stone Mean Degree of
Variable Group Qty. Mean Minimum Maximum Rank Km. Sq. Freedom P value
S1 15 27.80 25.72 29.83 38.8
S2 15 27.21 26.08 29.2 32.03
Tempoerature 18.938%%* 3 0
O S3 15 2621 25.32 27.63 14.07
S4 15 27.70 26.23 29.78 37.1

*** significance level a <0.01; * significance level a <0.1

Table 8. The light transmittance levels of stone materials per type

Stone Mean Degree of
Variable group Qty. Mean Minimum Maximum Rank Ki. Sq. Freedom P Value
S1 15 1.01 1 1.17 10.17
S2 15 5.80 1.17 16.5 40.17
Light (lux) 36.058%** 3 0
S3 15 11.00 1.33 34 44.47
S4 15 3.80 1 24.5 27.2

*** significance level o. <0.01; * significance level o. <0.1

Per the condition of having geotextile material;

During the research when the permeability, EC and pH
were compared per the condition of having geotextile
material, no difference was found between the groups.

It was ascertained that the soil temperatures were higher in
the group which had no geotextile material (Table 9).

It was observed that light transmittance is greater in the
group which has no geotextile material (Table 10).

When the evaluation was made under the context of
curtailing weed growth, the amount was ascertained to be
higher in the group which had no geotextile material
compared to the group which did (Table 11).

Table 9. Soil temperatures per the condition of having geotextile material

Mean Mann-
Variable Cover Qty. Mean Mean Rank Z value P value
Sum Whitney U
Temperature GO 12 27.75 39.46 473.5
. 180.5%* -1.987 0,047
Q) GT 48 27.10 28.26 1356.5

**% significance level o <0.01; ** significance level a <0.05;
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Table 10. Light transmittance levels per the condition of having geotextile material

. Mann-
Variable Cover Qty. Mean Mean Rank Mean Sum Whitney U Z value P value
GO 12 13.68 4233 508
Light (lux) 146%*** -2.661 0,008
GT 48 3.33 27.54 1322

**% significance level a <0.01; ** significance level o <0.05;

Table 11. The amount of weed growth per the condition of having geotextile material at the end of the evaluation

Mean Mann-

Variable Cover Qty. Mean Mean Rank Sum Whitney U Z value P value
Cyperus GO 12 11.17 54.04 648.5
roduntus 5,5%%* -6.327 0
(number) GT 48 0.58 24.61 1181.5
Portulaca GO 12 10.92 52.33 628
oleracea DGk -6.37 0
(number) GT 48 0.08 25.04 1202

*** significance level o <0.01; ** significance level a <0.05;

The level of weed prevention per the type of stone materials
in the group without geotextile materials;

The results stemming from the evaluation which was made
per the type of the stone materials placed on geotextile
materials is not listed due to the lack of meaningful
statistical difference between the groups. This is thought to
have been caused by geotextiles underneath which display
the character of curbing weed growth. Therefore, a different
evaluation was made with means of pots containing merely
stone materials and no geotextiles beneath them with 6
evaluations made of 3 loops. The initial weed amount and
the amount at the end of the measurement were compared
and the ratio of the difference in between was taken into
account as the weed growth percentage (Table 12). As a
result of the calculations, the increase ratio was spotted to
be a positive one with the Cyperus roduntus. With the
Portulaca oleracea, it showed no increase and it has shown

an actual decrease in the overall amount which has reflected
upon the increase value in a negative manner. The total sum
which was reflected upon the result has shown that there
was a decrease in total weed growth.

As a result of this, when the stone materials were evaluated
in terms of their weed growth prevention performances,
while the greatest increase for the Cyperus roduntus was
spotted with dolomite, the smallest increase was detected
with Volcanic tuffs. With the Portulaca oleracea, the
greatest increase was seen with dolomite with volcanic tuffs
being a close second, while the smallest increase was seen
with creek pebble. When the weed types Cyperus roduntus
and Portulaca oleracea are collectively taken into account,
while the greatest weed prevention performance was seen
to be had with Volcanic tuff, the least was seen to be had
with the creek pebble in an environment.

Table 12. Wild weed growth ratios in pots containing no geotextile material but merely stone material

WEED
ENVIRONMENT Cyperus roduntus Portulaca oleracea Collective
increase ratio (%) increase ratio (%) increase ratio (%)

S1

93.40 (-)74.18 (-)55.56
52 133.40 (-)54.18 (-)33.33
S3

213.40 (-)82.50 (-)49.62
S4 53.40 (-)80.00 (-)65.18

* (=) shows the amount of decrease.
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4. RESULTS AND DISCUSSION

When the geotextile materials per type were evaluated with
regards to their permeability, polyethylene showed no
drainage. With its lack of permeability, this material
presents a great obstacle with letting rainfall through to the
soil. Until water left the environment through vaporisation,
the water accumulated on the stone laid on polyethylene
and caused moss growth.

With polypropylene showing as a geotextile material even
greater permeability than groups which had no geotextile
materials, it showed a great degree of success in terms of
draining water. The reason for the groups containing no
geotextile material showing less permeability is thought to
be the weed growth and the usage of the said water by the
weeds.

The lowest soil temperature with the geotextile material
containing group was spotted to be the polyethylene group.
Polypropylene group on the other hand was spotted to be
the group with the highest soil temperature. Based on this,
it is seen important to choose polypropylene rather than
polyethylene with regards to keeping soil temperatures
high.

Soil temperature affects all the physical, chemical and
biological processes taking place in soil directly [15]. The
existence of water in the soil, its movement, vaporization
and air capacity, dissolution processes, microbiological
activity, root respiration and plant activity all being
influenced by the soil temperature was stated by Tonkaz et
al., [16] and Ekberli and Sarilar [17]. In general, in most
climatic environments, biochemical activity increases when
temperatures rise. [17-19]. The temperatures at seed depth
level were understood to be especially important for
germination periods and shoot growth [20].

Temperature first affects the seed germination during the
development of plants. In general, it is slower for
germination to take place in cold soil. Cold soil also is not
suitable for plant roots to develop and for plants to grow
[20]. The processes which take place during plant
development such as assimilation, respiration, perspiration
and photosynthesis are also closely related to temperature.
Most of the chemical reactions which take place within a
plant and soil are quicker to happen in higher temperature
than cold [17, 21]. In general, with temperatures rising the
activities also become quicker. Therefore high temperatures
hasten development in most plants. Also, temperatures also
exert strong influence over the root development of plants
and the dissolubility of the sustenance elements in soil and
their digestability by the plants [20].

Jute was seen to be the geotextile material with the lowest
light transmittance. Due to this low level of light
transmittance, even if weeds grow above the surface, they
are expected to die off due to the lack of light. However,
even though Jute has a low level of light transmittance, due

to its big pored characteristics it allowed a small amount of
weeds to grow. Polyester which displayed a similar level of
light transmittance showed no weed growth due to its
complete lack of pores.

No meaningful difference was detected between the
Cyperus roduntus and Portulaca oleracea growth rates. In
general, all of the geotextile materials showed high degrees
of success in preventing weed growth. In this group,
polyester and polyethylene came forward due to their
complete lack of weed growth.

Sand particles have a size of 2-0.05mm. It is formed
through the rocks being disintegrated due to various
climatic events and its structure is connected to its source
rock with little capacity to hold water. Under conditions
where organic materials are not plentiful and due to a lack
of clay clusters, grains of sand can’t bond with each other.
While their good permeability prevents accumulation of
water in rainy climates, it also causes the loss of plant
sustenance materials [22]. As it could be inferred, the
washed salts accumulated in the drainage and the highest
EC values were gathered from sand.

Dark surfaces absorb a great amount of radiation while
bright surfaces reflect it. Therefore due to its dark shade
sand was able to increase soil temperatures more compared
to the white coloured dolomite and dolomite had the least
measured amount of soil temperature.

The light transmittance factor which is directly related with
the germination of weed seeds was observed to be at the
highest level in the group which contains dolomite while it
was observed to be at the smallest levels in sand. This is
thought to be due to the smaller grain sized nature of sand
compared to stones. Based on this, the results were similar
between dolomite and creek pebble due to their similar
particular sizes. Therefore, it could be said that light
transmittance grows in parallel with grain size of the rocks.

In the research, per the condition of having geotextile
material, it was gathered that soil temperatures and light
transmittance were greater in the group which had no
geotextile material. This could be explained with the
geotextile material obstructing the rays of sun from
reaching the soil. Also, when evaluated in the context of
weed growth prevention performance, the weed growth was
gathered to be far less in the group with geotextile material.
As a result of this, it is thought that the geotextile materials
are successful at curtailing weed growth. It was in
particular observed that the Portulaca oleracea due to its
wide leaves had a smaller growth rate compared to the
narrow leaved Cyperus rodantus and it was concluded that
geotextile materials are more effective at curtailing the
growth of the wide leaved plants.

When geotextile materials were not used, while the greatest
weed growth was observed with creek pebble the least was
observed with volcanic tuff. Amongst the stone materials
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used in this research, it could be said that volcanic tuff are
the most successful at curtailing weed growth.

5. CONCLUSION

The usage of the geotextile materials occur as an important
factor which should be paid attention to in the installation
of the stone garden landscape designs which present an
environmentally friendly alternative to the aquatic gardens.
For the desired effect to be continuously had without
maintenance with the stone garden landscape designs, the
usage of geotextile materials presents itself as a necessity.

Polyethylene which is the most popular geotextile in the
applications in the market, while showing great success in
terms of curtailing weed growth, allows no permeability or
light transmittance due to its pore-less nature. In landscape
designs where landscaping plants are used, its nature which
allows no transmission of water and light causes problems
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ABSTRACT

Emergency tent is a basic human need and a critical determinant for survival and coping in the
majority of crises. There are many reasons people might need temporary shelters. Natural disasters
like hurricanes, earthquakes, floods, fires, and tornados are some of them. Millions of people around
the globe have had their lives disrupted by these disasters. The environmental health conditions faced
by people are largely affected by the conditions where they are obliged to live in the days, weeks or
months after a disaster. The quality of emergency tent has a great impact on human health and well-
being. Therefore, mechanical properties of a tent fabric will be vital for sufferers. Since these tents are
used under natural environment, tent fabrics have to face with natural exposures that force the
mechanical strength of the fabric. One of the most important of these effects is UV exposure. It is
known that fabrics lose their strength under UV light. In this study ammonium dihydrogen phosphate
(ADP) coated 100% cotton tent fabrics were aged under UV exposure (35 W/m?) for 0, 250, 500 and
750 hours. Due to cellulose UV degradation mechanism exhibits oxidation of hydroxyl side groups
and rupture of glycosidic bonds between cellulose units, tent fabric lost 40% of its tensile strength and
70% of its tearing strength compared to unaged fabric after 500 hours of UV aging process. FTIR
(Fourier Transform Infrared Spectroscopy) analysis and SEM analysis were also held to investigate
the degradation mechanism.
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1. INTRODUCTION

Millions of people around the globe have had their lives
disrupted by disasters. The provision of emergency shelter
is a last resort when no other solution can be found for
homeless people. Therefore, emergency tents must exhibit
high strength against environmental conditions and
exposures. Physical properties of emergency tents are
directly related to the living standards of the users [1, 2].

One of the most important problems faced by emergency
tents is UV exposure. Tents are constantly exposed to UV
exposure as they remain under the sun light during the day.
Since UV radiation degrades the molecular chains of the
fabric material, tent fabric loses its strength over time [3].

The phenomenon of 'weathering' of polymeric materials is
usually caused by a complex series of chemical reactions
initiated by the absorption of ultra-violet light which
ultimately result in the deterioration of the physical
properties of the polymer [4].

The deterioration of polymers in outdoor weathering is
caused primarily by sunlight, especially ultraviolet
radiation. Sunlight reaching the earth is filtered through the
atmosphere, removing shorter wave-lengths up to 280-310
nm before it reaches the surface of the earth. Beyond 380-
400 nm, the light becomes visible to the human eye. Thus,
ultraviolet effects on polymers result primarily from wave-
lengths of approximately 300-400 nm, which is ~5% of the
total solar radiation reaching the earth. The sun has an
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approximate Boltzmann distribution of energy with a peak
maximum at a wavelength of approximately 400-500 nm.
However, the shorter wavelengths are not available at the
earth's surface because they are absorbed by the ozone layer
in the upper atmosphere. As a general rule, only light
having a wavelength exceeding 300 nm reaches the earth's
surface. This restricts the number of reactions which may
occur [5].

Polymers such as plastics and rubbers consist of long
molecular chains. These can vary in length, complexity and
orientation, and these factors all contribute to the overall
material behavior. Specific polymers possess specific
chemical groups and bonds in their structure. These
different chemical groups absorb differing amounts of
energy. Unfortunately, most of these chemical groups have
big absorbance within the UV spectrum. Furthermore,
ultraviolet can cause breakdown of many polymer [6].
Figure 1, demonstrates some of the typical chemical groups
and their absorption energies. Table 1, demonstrates
ultraviolet wave lengths for typical commercial polymers.

Pure native cellulose absorbs UV radiation strongly
between 200 and 300 nm, but only very weakly up to 400
nm. Two pathways are important in cellulose degradation:
oxidation of the hydroxyl side groups (changes in the color,
polarity, solubility and water absorption—desorption
properties) and rupture of the glycosidic bonds between
cellulose units [7].
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Figure 1. UV absorbtion energies and wavelengths of chemical

groups [6].
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Table 1. Ultraviolet wavelengths for typical polymers [5].

Ultraviolet wavelength of

Polymer maximum sensitivity
(nm)
Polyester 325
Polystyrene 318
Polyethylene 300
Polypropylene 310
Polymethyl Methacrylate 290-315
Polyformaldehyde 300-320

Hence the addition of energy via UV photons can produce
significant absorptions of energy by the material and if the
energy is sufficient can lead to breaking of the molecular
bonds, effectively cutting the molecular chains. This
situation leads to a reduction in molecular weight and
subsequent loss in elastic behavior, cracking and general
reduction in the mechanical properties [6].

The chemical changes caused by short-term UV irradiation
are confined to fibers at the fabric surface and UV is unable
to penetrate beyond the surface to weaken the bulk fibers
responsible for the mechanical strength. This has enabled
the potential application of UV technology as a surface-
specific treatment in several areas [8].

UV degradation impact of a fabric may be affected by
many textile properties. These parameters include mass per
unit area, fiber type, yarn construction, finishing process
and coloration process etc. [9]. Nevertheless, the most
important factor affecting the fabric strength is UV
exposure duration.

The physical specifications required for emergency tent
fabrics are provided in official standards. However, the
values in these standards indicate performances of fabrics
not aged in ambient conditions. It should be noted that these
fabrics are used in harsh environmental conditions and must
exhibit the same/sufficient physical performance
throughout the duration of use.

Therefore, in this study tent fabrics were aged under UV
exposure for different periods and investigated their
mechanical properties. Further to that, the degradation
mechanism due to UV exposure is explained by internal
structure analysis.

2. MATERIAL AND METHOD

In this study the aim is to investigate the time dependent
strength change of emergency tent fabric after UV
exposure. For this purpose, ammonium dihydrogen
phosphate (ADP) coated 100% cotton tent fabrics were
aged in a UV aging cabin for 250, 500 and 750 hours. After
aging process, aged fabrics and unaged tent fabric were
conducted to tensile strength tests, tearing strength tests and
air permeability tests. Tensile strength and tearing strength
tests were performed on Zwick Universal Tensile Testing
Machine by using TS EN ISO 13934-1 and TS EN ISO
13937-2 test standards respectively. Tearing strength test
was also conducted to test samples on Elmendorf Ballistic
Pendulum Tear Tester by using TS EN ISO 13937-1 test
standard. Air permeability test were applied on TEXTEST
FX 3300 Air Permeability Tester under 200 Pa air pressure.
Furthermore, aging and degradation mechanisms of tent
fabrics were also investigated by inner structure analyses.
For this purpose, FTIR (Fourier Transform Infrared
Spectroscopy) analyses were performed on aged and
unaged tent fabrics to determine the structural changes
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between chemical bonds and groups. FTIR analyses were
applied on Perkin Elmer FTIR Spectrometer. In order to
observe fiber structural decomposition, SEM (Scanning
Electron Microscope) analyses were applied by Thermo
Scientific Apreo S SEM equipment. After UV exposure,
color changes were occurred on fabrics. Fabric color
alteration and yellowing degrees were also investigated by
HunterLab UltraScan Pro Spectrophotometer according to
ASTM E 313 standard.

The detailed description of the test material is given below
in Table 2.

Aging process was applied to test materials on Prowhite
UV Test Box under 35 watt/m” light intensity for 250, 500
and 750 hours.

Table 2. Description of test material

Property Description

Material 100% cotton

Weaving pattern 1x1 plain weave

Warp density 20 ends/cm

Weft density 11 ends/cm

Mass per unit area 580 g/m?

Coating material Ammonium dihydrogen phosphate
(ADP)

3. RESULTS AND DISCUSSION

0, 250, 500 and 750 hours aged 100% cotton tent fabrics
were conducted to tensile strength, tear strength and air

permeability tests. Test results are given below in Table 3
and Table 4.

When the effect of the UV exposure duration on tensile
strength is examined, it can be denoted that increase in
exposure time results in loss in tensile strength both in warp

and weft direction. It is thought that, the result mainly
depends on deterioration of hydroxyl side groups and
rupture of the glycosidic bonds between cellulose units as
Wypych mentioned in his study. He also stated that
deterioration of hydroxyl side groups cause change in
material color [7]. In Figure 3, it can be clearly seen that,
the sample that was exposed to the maximum UV light was
the sample that was most yellowish and darkest.
Nevertheless, according to color analysis results (Table 5),
no significant color changes between 500 and 750 hours
was observed. Furthermore, when the color measurement
results are examined in Table 6, it is seen that the fabric
treated for 500 hours has the same yellowing rate as the
fabric treated with 750 hours. Again, according to the color
measurements in Table 6; 750 hours of processed fabric
became darker than 500 hours. It’s thought that this
situation emphases, the effect of UV exposure after 500
hours is significantly reduced. Although yellowing
mechanism has stopped, the degradation mechanism has
continued slightly. Similarly, when the strength loss values
in Figure 2 are examined, no significant loss of strength is
observed in the samples after 500 hours.

As all specimens were considered, no significant difference
is observed between the elongation values of the samples,
except warp direction for unaged sample. Since the unaged
sample was not degraded and the test was performed in
warp direction, unaged sample showed very high tensile
strength values. For that reason, the elongation value is
thought to be high. As work of rupture values were
evaluated, it can be clearly seen that, work of rupture values
highly depend on tensile strength and breaking elongation
values. Therefore, it can be pointed out that the shorter the
sample exposed to UV degradation, the higher work of
rupture value has.

Table 3. Tensile strength test results of samples

Samples Tensﬂe;;t)rength Elo?‘g‘f‘;wn Work of rupture (N.mm)
Warp Weft Warp Weft Warp Weft
direction direction direction direction direction direction
Unaged 2297.16 1263.70 22.19 9.63 21477.00 5008.00
250 hours treated 1551.31 934.40 17.94 8.62 12037.75 3172.00
500 hours treated 1330.84 777.54 17.01 7.99 10167.75 2510.75
750 hours treated 1150.75 682.62 15.95 7.65 9765.00 1916.75
Table 4. Tear strength and air permeability test results of samples
Tear strength Tear strength Air
(Trouser tear) (N) (Ballistic pendulum) (N) .
Samples permeability
.War.p 'Wet'"t .War.p 'Weft (U/m?/s)
direction direction direction direction
Unaged 34.18 42.62 38.58 57.63 12.49
250 hours treated 23.53 26.73 29.70 39.02 12.88
500 hours treated 10.93 14.92 25.27 32.13 13.28
750 hours treated 9.88 13.55 21.39 29.91 12.67
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Table 5. Color changes between UV treated fabrics

Color change (AE)
According to unaged sample According to 250 hours treated sample
250 hours treated 37.63 0.00
500 hours treated 41.41 5.77
750 hours treated 39.97 5.57
Table 6. Results of color measurements
L* b* Yellowness Index

Unaged 86.25 1.89 9.18 19.88

250 hours treated 64.67 11.86 37.90 85.92

500 hours treated 59.10 13.57 38.01 96.05

750 hours treated 58.92 12.69 36.21 94.49

(@)

(b)

Figure 3. Samples that were conducted to tearing (a) and breaking (b) strength tests after UV exposure for 0, 250, 500 and 750 hours

When the ballistic pendulum and trousers tearing strength
test results are examined, it can be stated that, the fabric the
most exposed to UV degradation has the most loss of
tearing strength, as expected. This situation is also
associated with deterioration of hydroxyl side groups and
rupture of the glycosidic bonds between cellulose units as
mentioned above.

When air permeability test results are examined, it was
determined that samples demonstrated nearly same air

respectively.

permeability test values with 12-13 (I/m%s). The ADP
coating material on the fabric provides the fabric flame
retardancy and waterproof properties. For that reason,
fabric coating also limits and affects the air permeability
properties. As the air permeability test results were
evaluated, it was revealed that, UV exposure did not cause
a remarkable degradation on fabric coating. Therefore, no
significant change was observed on air permeability
properties. FTIR analysis also support that the coating
material is not damaged.
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In order to investigate degradation mechanism, FTIR
analyses were conducted to UV treated samples. And the
FTIR spectra of these samples are given in Figure 4.

FTIR spectrum given in Figure 4 shows the characteristic
peaks of both cellulose and ammonium dihydrogen
phosphate. Some peaks of ammonium dihydrogen
phosphate and cellulose create overlaps, while some peaks
exhibit characteristic vibrations. Vibration peaks appear
around 3200-3300 cm™ pointed out O-H stretching of both
cellulose and ADP [10-12]. The peaks at region around
1430 cm™ indicate the N-H bonding stretching of ADP and
CH, vibrations of cellulose [13, 14]. Another group of
overlapping peaks could be seen around 1000-1100 cm™.
These multiple peaks are stated as both P-O vibrations of
ADP and C-O vibrations of cellulose [12, 15]. The
vibration peaks appeared around 1640 cm ' and 2400 cm!
indicated existence of N-H and P=O bending vibrations of
ADP respectively [16, 17].

It is stated above that, two pathways are important in
cellulose degradation: oxidation of the hydroxyl side groups
and rupture of the glycosidic bonds between cellulose units
[7]. As seen in Table 6, deterioration of hydroxyl side
groups caused color change from white to yellow in the

samples. This situation can also be observed in FTIR
diagrams. The peaks responsible for the hydroxyl groups in
the cellulose structure are displayed at around 3200 cm™. In
Figure 4, it was determined that the decomposition of the
hydroxyl structure appeared as a vibration increase in FTIR
spectra.

Glycosidic bonds are linkages that hold together cellulose
units. In the FTIR spectra the band at 1130-1160 cm™
assigned to glycosidic bond stretching vibrations [18].
When the UV exposed samples were examined, it was
observed that the vibration peak was stated in the spectrum
of 1155 cm™. However, when the exposure duration of the
samples increased, this peak was gradually disappeared
(Figure 4).

The effects of UV exposure on the appearance of the cotton
tent fabrics was observed by SEM. And the images show
distinctive stages of degradation (Figure 5). The
micrograph of the unaged fiber reveals a uniform and
smooth surface, but as the exposure time increases, a
coarser and cracked texture begins to emerge, and 750
hours of UV exposure can produce dramatic erosion on the
fiber surface.
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Figure 4. FTIR analyses of fabric samples: (a) unaged, (b) 250 hours treated, (c) 500 hours treated, (d) 750 hours treated
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4. CONCLUSION

Sunlight, especially ultraviolet radiation can cause massive
degradation on polymers. Therefore, fabrics which are
exposed to sunlight for a long time are under the risk of
mechanical disruption. Since tents are equipments that are
used under sunlight, tent fabrics are also among those at risk.

Cellulose absorbs UV radiation strongly between 200-300
nm, and this gap is involved by the ultraviolet region that
reaches the world from atmosphere. In this study, ADP
coated 100% cotton tent fabrics were aged under UV
exposure in a UV cabin with 35 W/m® light intensity for
250, 500 and 750 hours. After aging process, mechanical
strength changes were compared upon unaged tent fabric.
In addition, internal structure changes and degradation
mechanisms were investigated by FTIR and SEM analyses.

Due to cellulose UV degradation mechanism exhibits
oxidation of hydroxyl side groups and rupture of glycosidic
bonds between cellulose units, tent fabric lost 40% of its
tensile strength and 70% of its tearing strength compared to

S

Figure 5. 10.000 X magnified SEM images of samples. (a) Unaged, (b) 250 hours treated, (c) 500 hours treated, (d) 750 hours treated.

e N

unaged fabric after 500 hours of UV aging process (Figure
2). This situation also corresponds to the loss of 1155 cm™
peak in the FTIR spectra depending on the UV exposure
time. Although there was no significant change in “strength
loss” was observed after 500 hours. Tensile strength loss
reached 50% and tear strength reached 75% at the end of
750 hours (Figure 2).

Degradation of hydroxyl side groups also cause color
change from white to yellow as stated in Table 6. However,
after 500 hours, the yellowing of the fabric has ended and
the color has become darker (Table 6). It’s thought that, this
situation mainly depends on the end of yellowing
mechanism, but the continuation of the degradation
mechanism after 500 hours. The time-dependent changes in
the FTIR spectra of the OH groups that cause color change
can also be observed as an increment in 3286 cm™ peak.

The fact that there is no change in the air permeability
properties of the fabric after 750 hours of UV exposure
indicates that, there is no remarkable damage existed on the
coating structure of treated fabrics.
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ABSTRACT

Value is known as the price, which the customer is ready to pay for and the ultimate customer defines
the value. Eliminating the waste is important for reduction of costs and meeting the demands of
customers in short delivery times. Process Cycle Efficiency (PCE) is defined as the measurement of the
amount of value-added time in a process. In this study, the PCE of men’s trousers assembly line was
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tried to be increased. To achieve this aim, the value stream map of the line was examined. Overall

equipment efficiency (OEE) values of the operations were calculated, the operations with OEE values
under 85% were selected, and improvement activities were defined. At the end of these activities, total
process lead time and work in process (WIP) stocks decreased and PCE increased from 0.9% to 1.5%.

1. INTRODUCTION

The apparel industry has a volatile structure with a high
variation in product mix, small order quantities and short
delivery times. In order to be competitive and to fulfil the
orders on time, the companies have to be flexible to produce
a high variety of models [1]. To be competitive, many
apparel companies have to improve their manufacturing
processes, constantly revise themselves according to the
needs and expectations of their customers. Manufacturing
processes have to be analyzed accurately to minimize the
costs. Waste consumes resources but does not add any value
to the product [2]. Toyota production system accepted the
waste types as overproduction, waiting, transport,
inappropriate  processing,  unnecessary  inventory,
unnecessary motion, defects [3].

Lean thinking is doing more with less and it starts with value
[4]. Value is known as the price which is the customer is

Value stream mapping, lean,
process cycle efficiency,
overall equipment efficiency,
process lead time, work in
process, assembly line

ready to pay for and the ultimate customer defines the value.
A value stream can be described as any value-adding and
non-value-adding activities, which are done to make a
product. Value stream mapping (VSM) is one of the most
important tools for lean strategy with its visualization the
non-value adding activities in the material and information
flow of product. Wastes should be visualized and VSM is a
very useful tool as it underlines kaizen activities for waste
reduction. The first step in VSM is to choose a product
family as the target for improvement [5]. The second step is
to identify the wastes by drawing current value stream map.
Unlike most process mapping techniques that often only
document the basic product flow, VSM also documents the
flow of information within the system. Where the materials
are stored (raw materials and WIP) and what triggers the
movement of material from one process to the next are key
pieces of information [1]. The final stage in VSM is to create
the future state map. The future state map highlights the lean
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tools, which are needed to eliminate the waste in the product
value stream [6].

OEE is one of basic tools in lean manufacturing and it is an
indicator, which defines the waste points in VSM. OEE is the
measure of efficient usage of time for producing quality
product. While the OEE is calculated, the time, which the
machine is producing, is taking into account, not the amount
of the output [7]. The waste hinders the capacity and
performance. Machine breakdowns, setup and adjustments,
reduced speed, minor stoppages, quality losses are the causes
of low OEE. By removing waste in the manufacturing
processes, the companies can manage to meet the demands
with shorter lead time, high quality and they can get a
competitive advantage over the other companies in recent
volatile conditions by having flexibility to change schedules
and giving priorities more quickly [8]. The studies in the
literature, some of which are given below, show that lean
principles can be applied to apparel companies.

Kumar and Thavaraj identified the target areas of
improvement to eliminate the process wastages in current
state. They fixed the problem of low flexibility by cellular
layout, kaizen and 5s tools [6].

Kumari et al. applied lean tools in an apparel company in
order to reduce the WIP and the number of workers by
removing checking operations [9].

Akcagun et al. outlined a case study in an outerwear
company. They decreased the total process of outwear from
27-33 weeks to 9-14 weeks by using value stream mapping
[10].

Yildiz and Guner analyzed the manufacturing processes
from incoming quality control to shipping to eliminate the
wastes in a jean producing company [11].

Silva revealed that VSM can be applied to mass production
in apparel industries in order to derive positive results such
as reducing wastes in inventory and defects. Current and
future state VSM was drawn for analyzing the raw material,
cutting, sewing and finish goods departments’ processes
[12].

Kumar used VSM as a key lean tool to analyze machine
cycle time, inventory, setup time and information flow on
men’s trouser production layout. Sewing room was revised
by VSM analysis. [13].

Most of these studies try to decrease the total process lead
time of a product from supplying process to shipment by
using lean production principles and methods. In these
studies, value stream mapping, kaizen, 5S and SMED
applications were explained in detail with case studies.
However, OEE and PCE were not the main topic of these
studies. In this research, it was tried to determine and
decrease the non-value-added time and eventually, to
improve the rate of process cycle efficiency in the men’s
trousers production line by the help of lean principles. As

defined before, OEE is an indicator, which defines the waste
points in VSM. This research was conducted with the aim of
emphasizing the importance of OEE and showing its
application in an apparel company in detail as an example
for other apparel companies.

Value Stream Mapping, Process Cycle Efficiency and
Overall Equipment Efficiency

When creating a flowchart of a garment, the cycle times of
all the operations in a line are summed and the line with the
longest duration is determined as the mainline. Lines which
have shorter durations are segment lines and they are located
outside of the mainline and they join the mainline at the
related matching points. The difference between the duration
of the segment and mainline is also important in the
management of work in processes (WIP). The sewing
process starts in the segments and the mainline at the same
time and the segments create overstock at the points where
they join the mainline. In order to determine the optimum
WIP in a segment, the duration of the segment and the
duration in the mainline from the first operation to the last
operation, where the segment joined the mainline, should be
compared. The difference between these two durations
causes WIP inventory. WIP stock is very important for
making improvements and reducing waste time.

Cycle time (CT) is the time, which takes to complete the
production of one unit from start to finish. Cycle time is
consisting of value-added and non-value-added times.
Value-added time is the process time part of cycle time,
which elapses during making the activities, which are
defined as value by the customer. Cycle time equals the
process time of the task in the garment assembly line. The
cycle time of the operation is the ideal time for finishing that
operation, however, in real life, the production conditions,
which are measured by OEE, can deviate this balance.

Overall Equipment Effectiveness (OEE) is a simple metric,
which shows how much right-first-time product is produced
at a single equipment in the given time. In other words, it
measures how effectively the time is used to produce a
quality product at that equipment. OEE can be calculated
with equation (1) and the following sub-equations (2), (3),
(4).

OEE= PerformanceXAvailabilityXQuality (1)
Actual outputXCycle time
Performance = #xwo (2)
Daily working time X Workload
S Daily working hours-Breakdown and adjustment times
Availibility = (aily g_ ) )X100 (3)
Daily working time X Workload
. Daily repairing time
Quality = (1—#)*100 (4)
Daily working time X Workload

OEE value of 100% is the sign of perfect production, which
means manufacturing right-first-quality product without
time loss. Adversely, OEE value of under 100% is accepted
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as loss factor and OEE percentages should be used to define
the actual cycle time(ACT) as in equation (5).
CT

ACT = — ®)
The actual cycle time will cause longer process lead time
(PLT). Process lead time is the total time for a unit product
to go its way through the operation from starting with the raw
material’s arrival to receiving money and can be calculated
with equation (6). Process lead time is consisting of waiting
time before the process, setup time, process time, waiting
time after the process and transfer time between processes.
The lead time of an operation should not be much higher than
the cycle time of that operation, otherwise, there will be an
overstock of WIP and this will decrease the process cycle
efficiency of the line. Total process lead time is the sum of
process lead times of all operations in the line.

PLT=ACT X WIP (6)

Process cycle efficiency (PCE) means that the duration of
one job from the beginning of production to the arrival of the
warehouse is completed in the shortest time.

PCE is improved by reducing non-value adding activities,
and minimizing the necessary but non-value adding
activities. In reality, the PCE is typically in the 5% to 10%
range. While the PCE is the efficiency of the whole assembly
line, OEE is valid only for one operation. PCE can be
calculated with equation (7).

PCE = Total cycle time (total value—-added time) (7)
Total Process lead time

VSM shows the current situation in the line and it is easy to

detect OEE values less than 85% and high WIP inventories.

These are the key places, which have to be improved.

2. MATERIAL AND METHOD

In this study, the OEE values of the operations were used in
order to make improvements and increase the process cycle
efficiency in the apparel company. Daily work time is 540
minutes and daily customer demand is 450 pieces. Men’s
trousers line was chosen as the product family. Men’s
trousers are made of belt and pocket preparation, front and
back pants mounting sections. The cycle time of each
operation is measured with the help of a stopwatch. WIP
stock of each operation was counted three times a day for
both current and future states. The average value of these
three WIP stocks were used as WIP quantities in each
operation. OEE values of each operation were calculated by
using collected performance, machine availability and
quality data. After WIP stock and cycle time of each
operation are determined, actual cycle times of operations
were calculated by using OEE values. Process lead times of
operations were found by using the actual cycle times and
WIP levels of operations. VSM of the men’s trousers
assembly line was generated, by sequencing the unit cell of
each operation. Figure 1 shows a unit cell of this VSM. After
defining the current cycle time (process time), WIP, OEE,
process lead time data, current process cycle efficiency of
men’s trousers production line was calculated.

WIP
Back pocket press / Number of operator
0.47
CT 0.59
Performance 90% \ Cycle time
Availability 99%
Quality 98%
81 OEE 87%— > OEE=Pe rformance% X
Availability% x Quality%
i 0.68
0.59 \

Operational process
lead time=
WIP X Actual cycle
time

Cycle time

/

Actual cycle time=
CT/OEE

Figure 1. A unit cell of a value stream
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Calculations of above operation were given in the following
lines as an example. The daily target was 450 pieces and the
daily working time is 540 minutes. Cycle time (CT) is 0,59
minutes. The operator produced 404 piece/day. The counted
average WIP stock for this operation is 120 pieces. Machine
breakdown is 278 minutes and repairing time is 5 minutes.

The related calculations were made for all operations in the
line. All of these values were written on the VSM in Figure
2.

_450X0,59
540

Workload = (Daily target XCycle time) =049

Daily working time

_404X0,59
7540X0,49

Actual outputXCycle time

Performance = X100

Daily working time X Workload

(Daily working hours—Breakdown and adjustment times) X100_540—278

OEE values were examined in VSM and the operations,
which have OEE values under 85% were determined for
improvement. After doing the planned activities, before and
after values of PCE were compared.

3. RESULTS AND DISCUSSION

The value stream of material and information flow of the
current situation in the men’s trousers line is as in Figure 2.

X100=90%

X100=99%

Availibility =
vailib ty Daily working time X Workload 540X0,49
. Daily repairing time 5
lity = (1- +100=(1 - X100=989
Qua ty Daily working time X Workload 00 540X0,49 %

OEE = PerformanceXAvailabilityXQuality=90%X99%X98%= 87%

Segment 1(Belt preparation line)

Belt fusing Belt lining Loop attaching Waistband press
1
467 0,32 250 0,45 100 03 60 0,96

CcT 0,26 cT 0,47 CcT 0,35 CcT 0,9
Performance | 100% Performance | 99% Performance | 102% Performance | 100%
Availability 100% Availability 98% Availability 95% Availability 99%
Quality 99% Quality 100% Quality 89% Quality 95%

123 |OEE 99%| 121 |OEE 97% 41 |OEE 86%| 153 |OEE 94%
0,26 0,48 0,41 0,96

0,26 0,47 0,35 0,9

Segment 2 (Pocket preparation line)

Zipper attaching to Front pocket facing

Pocket facing seam Fusing fly Pressing fly lining fly overlock
660 1,04 436 0,16 120 0,21 130 0,21 230 0,25
CcT 0,98 CcT 0,17 cT 0,15 CcT 0,17 cT 0,32
Performance | 98% Performance | 99% Performance | 77% Performance | 100% Performance | 90%
Availability 80% Availability | 100% Availability |100% Availability 98% Availability | 80%
~ |Quality 91%|  |Quality 100%|  |Quality 100% Quality 97% Quality 80%
907 |OEE 71%| 75 |OEE 99%| 23 |OEE 77%| 23 |OEE 95%| 128 |OEE 58%
1,37 0,17 0,19 | 0,18 0,56
‘ 0,98 0,17 ‘ 0,15 0,17 g
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Mainline (Front piece)

Color seperation and Color seperation Frontcrotch . . . .
i and dispatching Front cuff overlock overlock Sewing right fly Sewing left fly Facing seam
500 230 475 120 79 105 150
0,95 0,1 0,96 0,65 0,38 0,32 0,67
cT 0,64 cT 0,04 cT 0,92 cT 0,75 cT cT 0,45 cT 0,67
Performance | 100% Performance | 100% Performance | 102% Performance | 99% Performance Performance | 86% Performance | 88%
Availability 100% Availability | 100% Availability 95% Availability 97% Availability Availability 98% Availability 92%
Quality 100%|  |Quality 100%|  |Quality 95% Quality 96% Quality Quality 99% Quality 93%
ﬂ OEE 100% 9 |OEE 100%| 475 |OEE 92%& OEE 92%| 22 |OEE OEE 83%| 133|OEE 75%
o o o
|_0,64] 0,04 092 [ 0,45]
X ) . Front pocket L . -
Facing seam Front pocket press Side pocket tacking PEi Sewing sides Top stitch inseam Press side in seams
150 40 67 66 90 78 130
0,67 0,3 1,96 0,64 1,67 0,76 0,82
CcT 0,67 CcT 0,21 cT 1,78 CcT 0,52 cT 1,4 CcT 0,6 CcT 0,7
Performance | 88% Performance | 82% Performance | 100% Performance | 94% Performance | 99% Performance | 96% Performance | 107%
Availability | 92% Availability |100% Availability |100% Availability |100% Availability |99% Availability |94% Availability 98%
Quality 93%|  |Quality 99% Quality 100%|  |Quality 99% Quality 98% Quality 93%. Quality 93%
133| OEE 75%| 10 OEE 81%. 119|OEE 100%| 37 OEE 93%| 131|OEE 96%| 56 |OEE 84%| 93 |OEE 98%
B ‘ot
[ 052 [ 14] [ 06|
Attaching ng!“ fivlinih= Left belt end Right and left belt 5 L .
waistband bagging an‘d label finishing end ironing Left fly foot stitch Sewing right fly Hook tacking
78 40 attaching 27 35 21 25 14
1,81 0,83 0,32 0,65 0,34 0,32 0,5
cT 1,72 cT 0,75 cT 0,25 cT 0,59 CcT 0,45 CcT 0,38 CcT 0,35
Performance | 105% Performance | 90% Performance |100% Performance |104% Performance | 89% Performance | 86% Performance | 86%
Availability 98% Availability | 90% Availability 99% Availability 95% Availability 95% Availability | 100% Availability | 86%.
Quality 90% o Quality 91% Quality 98% Quality 100% - Quality 92% o Quality 95% Quality 98%
145 | OEE 93%| 41 OEE 74%| 7 |OEE 97%| 21 |OEE 99%| 12 OEE 78%| 12 |OEE 82% 7 |OEE 72%
| 1,02] | 0,26] | 0,60| 058
Stop Point check Back rise closure Back rise se.w - W.alstb.a nd Crotch Bartacking R p?mt
and pressing blindstitch bartacking
22 35 100 20 34 55 12
0,4 0,51 1,66 0,51 0,71 0,35 0,65
cT 0,3 cT 0,65 cT 1,71 cT 0,56 cT 0,62 cT 0,2 cT 0,7
Performance | 100% Performance | 42% Performance | 108% Performance | 104% Performance | 98% Performance | 42% Performance | 74%
Availability 95% Availability |100% Availability 98% Availability 98% Availability 91% Availability | 98% Availability |93%
- Quality 95%| Quality 98% Quality 89% Quality 95%| Quality 90% Quality 92% Quality 98%
7 |OEE 90%| 55 OEE 41%| 182|OEE 94%| 12 OEE 97%| 26 OEE 80%| 29 |OEE 38%| 12 |OEE 67%
Pocket ant? loop Bartacking Check b.efore Trimm_ing Cuff press Sewing trimming Leg Press
bartacking pressing blindstitch band
35 45 50 65 19 3 15
1,87 0,72 1,66 0,33 0,45 0,45 0,97
CcT 1,8 CcT 0,53 CcT 1,7 cT 0,29 cT 0,47 CcT 0,46 CcT 1,05
Performance | 107% Performance | 102% Performance | 100% Performance | 56% Performance | 38% Performance 52% Performance | 100%
Availability 95% Availability 98% Availability |100% Availability 95% Availability 95% Availability 97% Availability 84%
_ |Quality 90%  |Quality 98% Quality 98%|  |Quality 94%|  |Quality 95%|  |Quality 96%|  |Quality 96%
69 (OEE 91%| 24 OEE 98%| 87 |OEE 98%| 38 OEE 50% 26 OEE 34% 3 OEE 48%| 20 (OEE 81%
Pressing Ceasing press Final inspection
5 10 17
3,21 0,95 3,02
cT 34 cT 0,8 cT 2,98
Performance 95% Performance 90% Performance | 100%
Availability 100% Availability 85% Availability 100%
Quality 100%| Quality 85% Quality 98%
18 |OEE 95%| 12 |OEE 65%| 52 |OEE 98%
3 ==
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Segment 3 (Back Piece)

Back trimming

Back rise overlock
overlock

Sewing back dart

Back dart ironing

Sewing back welt
pocket

Back pocket

Back pocket press
> . bartacking

480 100 35 67
0,57 0,3 0,36

45 120 58
0,67 0,83 0,47 0,46

cT 0,6 cT 0,24 cr 0,6 cr

0,82 cr 0,8 cr 0,59 cr 0,5

Performance 93% Performance | 100% Performance | 70%

Performance | 91%

Performance |104% Performance | 90% Performance | 99%;

Availability 99% Availability 98% Availability 94%

Availability | 100%

Availability 92% Availability 99% Availability 99%

Quality 99% Quality 99% Quality 98% Quality 99% Quality 96%| Quality 98% Quality 99%

316 |OEE 91%| 25 |OEE 97%| 33 |OEE 64%| 61 |OEE 90%| 39 |OEE 92%| 81 |OEE 87%| 30 |OEE 97%
_0,66] 025 0,93 0,68 0,52

Y] 024 06 082 |_os] L0,59] 05

Closing back pocket Tack back pocket to
mouth waist
89 95 76
0,7 0,33 0,51
cT 0,51 cT 0,25 cT 0,5

Performance | 98%

Back pocket bagging:

Performance | 96% Performance |101%

Availability 99% Availability 95% Availability | 100%

Quality 98% Quality 99% Quality 99%
48 |OEE 95% 26 |OEE 90% 38 |OEE 100%
0’25

Figure 2. Value stream of men’s trousers assembly line

Total cycle time is 40.84 min, total WIP stock in the line is
6630 and total process lead time is 4762 minutes for current
state as seen in Table 2. The process cycle efficiency of the
current situation is 0.9%. Nakajima indicated that under ideal
conditions, the companies should have availability>90%,
performance>95%, quality>99% values which result in
OEE>84% and this OEE value is a good benchmark for a
typical manufacturing capability [14]. When the current
situation map is examined, the sources of inefficiency for
each operation can be seen by checking the OEE values,
which are under 85%. The reasons of losses at performance,
availability and the quality values should be examined in
order to increase low OEE values. The improvement points
and the activities to be done were determined as in Tablel.

After these improvements, OEE values of 21 operations
changed as given in the future state part of Table 2. As a
result of the improvement studies, no changes have been
observed in the information flow, material flow and raw
material supply processes. Only control checking operation
has been removed. Therefore, future state map was not
shown again. After the elimination of this operation, the
future cycle time is 40.19 min. Improvements in availability,
performance and quality ratios increased most of the OEE
values over 85% and accordingly, WIP levels dropped as
seen in Table 2.

In the future state, the WIP stock level has been reduced from
6630 to 4460. The time losses because of WIP stocks have
been eliminated and the total process lead time decreased
from 4762 to 2702 minutes. This has led to the
implementation of lean flow in production. Thus, the PCE
value of the line increased from 0.9% to 1.5% and the
production pace raised.

4. CONCLUSION

The apparel companies try to cater for the customer
demands, which have high variety of models with low
quantities in recent volatile market. This situation forces the
companies work flexible with low costs. Therefore, the
companies have to revise themselves according to the needs
and expectations of their customers continuously. Lean
manufacturing provides being highly responsive to customer
demand while producing quality products economically and
efficiently by reducing various waste in workforce,
inventory, time to market. Shorter process lead time provides
increasing customer satisfaction and gives flexibility to
change schedules. OEE infers how much the equipment is
doing compared to it is expected to do. Losses are activities
that absorb resources without creating value and OEE
reveals the losses that hinders equipment from performing its
maximum effectiveness.

The present study aimed to find the hidden waste present in
the men’s trousers assembly line with the help of VSM and
OEE values of operations and eventually to increase the PCE
value in this line. After the calculation of OEE values of
operations, the OEE values under 85% were determined. In
these operations, main reason of the losses was rhythm
problem, which stem from the minor stoppages and these
stoppages affect the performance of the worker. Some
precautions were taken to minimize the stoppages. Machine
breakdowns and the setup times were the reasons of low
machine availability in some operations. Machine changes
and the maintenance program were planned for these wastes.
In order to accelerate the speed and to overcome some
quality problems, some machine changes were made. As a
result of these activities, the WIP stock level in the assembly
line was reduced from 6630 to 4460 pieces and the total
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process lead time decreased from 4762 to 2702 minutes.
Finally, the process cycle efficiency of the line increased

from 0.9% to 1.5%.
OEE

is one of the most

important

performance

can increase capacity, decrease costs, improve quality in
production lines by optimizing OEE. It is expected that this
research will be a good example of OEE application for other
apparel companies.

measurements in manufacturing companies. The companies

Table 1. Problems and improvements in current situations

No | OPERATION PROBLEM | ARRANGEMENTS
Segment 2 (Pocket preparation)
Pocket facing seam Sewing adjustment Machine to be exchanged
Pressing fly lining Rhythm problem Apparatus to be made for fly pressing
Front pocket facing . . .
3 overlock Sewing adjustment problem | Machine to be exchanged
Segment 3 (Back Piece)
5 Sewing back dart Long SMED time in one The machine will be modified in order to put apparatus on the machine for
9 and double dart models both models at the same time.
MAINLINE (Front Piece)
6 Sewing left fly ggé:;?r']ng notch alignment A nest will be made on the machine in order to align the notch.
Pieces to be sewn will be on the operator's lap and the facing pieces will be
7 Facing seam Rhvthm problem stacked on the machine. The operator will take a piece from his lap and place it
9 ythm p on the machine with his two hands. After placing the facing on the piece and
sewing it, he will leave the finished piece to the table on the left.
The pieces will be stacked in the direction of the press and there will be no need
8 Front pocket press Rhythm problem for the worker to turn the piece for placing on the press.
9 Topstitch inseam Rhythm problem Machine speed and type will be changed.
Right fly lining bagging . . . - .
10 and label attaching Fly cutting problem Blade machine will be used to eliminate cutting time.
. A line will be drawn 1 cm away from the presser foot in order to make the
11 | Left fly foot stitch Rhythm problem pursuance of the sewing line egsy. P
. . An auxiliary piece will be put near to presser foot to lean the fabric for makin
12 | Right fly edge stitch Rhythm problem the trackingyoF:‘ the sewing Fine easy. P g
. Frequent machine . . .
13 | Hook tacking breakdown Machine engine will be changed
14 | Inspection };ea;:rje?e-ztr;?oa:ggtl\?vveven The steps of control operations that affect the finished product quality will be
P : eliminated by integrating it into other operations.
operations
Failure to set the depth of
15 | Waistband blind stitch needle penetration of blind | Needle and yarn number will be changed.
stitch machine
Loss of time during . . .
16 | Bartacking crotch transport of crotch Stock space will be made on the machine for the pieces.
components
In the current situation, the work piece standing at the table on the left was
. . taken, the bartacking process was done, and the work piece was moved to the
17| Crotch point bartacking | Rhythm problem table on the right side. In the new case, the piece is shifted to the table, which
is placed in front of the sewing machine. Thus, the transport was reduced.
The worker stops more than expected in order to arrange the piece because of
L . . the round and narrow shape of the hem. A guide piece will be attached around
18 | Trimming blind stitch Rhythm problem the cylinder arm of the blind stitching machine. The worker will stop less with
the guidance of this piece.
. To make the worker less stop for checking the distance from edge of hem,
19 | Sewing tape to hem Rhythm problem laser light will be used to keep the distance
. For decreasing the bundle transporting time, another bundle holding apparatus
20 | Trousers cuffs pressing Rhythm problem will be put op%ose the current oFr)le. g gapp
Failure to set machine All machine maintenance will be done and upper buck material will be
21 | Leg Press according to fabric tvoe changed with 10 mm thick silicone foam. This material will prevent shine and
g ype. pressure problem and reduce the time for setting machine.
22 | Creasing press E:;ISL:;E oizézea%u:ﬁrg#iréng The machine will be maintained every week and the laser will be installed at
gp machir?epfailure the starting and end points to prevent the measurement problem for ceasing.
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Table 2. Comparison of current and future state

CURRENT STATE FUTURE STATE
Cycle | Actual Actual
Segment 1(Belt preparation) y N Performance | Availability Quality| OEE | WIP | PLT |Performance | Availability | Quality| OEE . WIP | PLT
time |cycle time cycle time
Belt fusing 0,26 0,26 100% 100% 99% | 99% | 467 | 121 100% 100% 99% | 99% 0,26 230 | 59
Belt lining 0,47 0,48 99% 98% 100% | 97% | 250 | 121 99% 98% 100% | 97% 0,48 45 22
Loop attaching 0,35 0,41 102% 95% 89% | 86% | 100 41 102% 95% 89% | 86% 0,41 90 37
Waistband press 0,9 0,96 100% 99% 95% | 94% | 160 | 153 100% 99% 95% | 94% 0,96 70 67
Segment 2 (Pocket Cycl Actual Actual
pr:paration() t,":‘: c clce tt"ame Performance | Availability | Quality| OEE | WIP | PLT |Performance | Availability | Quality| OEE c clce ::ne WIP | PLT
i Y/ i y! i
Pocket facing seam 0,98 1,37 98% 80% 91% | 71% | 660 | 907 100% 95% 96% | 91% 1,07 450 | 484
Fusing fly 0,17 0,17 99% 100% 100% | 99% | 436 75 99% 100% 100% | 99% 0,17 375 | 64
Pressing fly lining 0,15 0,19 77% 100% 100% | 77% | 120 23 92% 100% 100% | 92% 0,16 70 11
Zipper attaching to fly 0,17 0,18 100% 98% 97% | 95% | 130 23 100% 98% 97% | 95% 0,18 95 17
Front pocket facing overlock 0,32 0,56 90% 80% 80% | 58% | 230 | 128 95% 99% 98% | 92% 0,35 375 | 130
Cycl Actual Actual
Mainline (Front piece) t.yc N Ic :a Performance | Availability | Quality| OEE | WIP | PLT |Performance | Availability | Quality| OEE Ic :a WIP | PLT
ime | cycle time cycle time
Color seperation and opening | 0,64 0,64 100% 100% 100% [100% | 500 | 320 100% 100% 100% |100% 0,64 475 | 304
Color seperation and
dispatchFiJn_g 0,04 0,04 100% 100% 100% [100% | 230 9 100% 100% 100% |100% 0,04 200 8
Front cuff overlock 0,92 1,00 102% 95% 95% | 92% | 475 | 474 102% 95% 95% | 92% 1,00 90 90
Frontcrotch overlock 0,75 0,81 99% 97% 96% | 92% | 120 98 95% 100% 96% | 91% 0,82 0 0
Sewing right fly 0,27 0,28 99% 98% 99% | 96% | 79 22 100% 98% 99% | 97% 0,28 45 13
Sewing left fly 0,45 0,54 86% 98% 99% | 83% | 105 57 95% 98% 99% | 92% 0,49 45 22
Facing seam 0,67 0,89 88% 92% 93% | 75% | 150 | 133 98% 92% 93% | 84% 0,80 45 36
Front pocket press 0,21 0,26 82% 100% 99% | 81% | 40 10 95% 100% 99% | 94% 0,22 40 9
Side pocket tacking 1,78 1,78 100% 100% 100% |100%| 67 119 100% 100% 100% |100% 1,78 45 80
Front pocket bagging 0,52 0,56 94% 100% 99% | 93% | 66 37 100% 100% 99% | 99% 0,53 45 24
Sewing sides 1,4 1,46 99% 99% 98% | 96% | 90 131 100% 99% 98% | 97% 1,44 50 72
Top stitch inseam 0,6 0,71 96% 94% 93% | 84% | 78 56 97% 100% 95% | 92% 0,65 20 13
Press side in seams 0,7 0,72 107% 98% 93% | 98% | 130 93 105% 98% 93% | 96% 0,73 45 33
Attaching waistband 1,72 1,86 105% 98% 90% | 93% | 78 145 105% 98% 90% | 93% 1,86 45 84
Right fly lining bagging and
label attachin 0,75 1,02 90% 90% 91% | 74% | 40 41 93% 98% 99% | 90% 0,83 0 0
Habel attaching
Left belt end finishing 0,25 0,26 100% 99% 98% | 97% | 27 7 100% 99% 98% | 97% 0,26 35 9
Right and left belt end ironing | 0,59 0,60 104% 95% 100% | 99% | 35 21 104% 95% 100% | 99% 0,60 35 | 21
Left fly foot stitch 0,45 0,58 89% 95% 92% | 78% | 21 12 99% 96% 95% | 90% 0,50 21 | 10
Sewing right fly 0,38 0,47 86% 100% 95% | 82% | 25 12 100% 100% 95% | 95% 0,40 25 | 10
Hook tacking 0,35 0,48 86% 86% 98% | 72% | 14 7 93% 100% 98% | 91% 0,38 14 5
Stop 0,3 0,33 100% 95% 95% | 90% | 22 7 100% 95% 95% | 90% 0,33 22 7
Point check 0,65 1,58 42% 100% 98% | 41% | 35 55 ELIMINATED
Back rise closure 1,71 1,82 108% 98% 89% | 94% | 100 [ 182 108% 98% 89% | 94% 1,82 45 | 82
Back rise sewing and pressing 0,56 0,58 104% 98% 95% | 96% | 20 12 104% 98% 95% | 97% 0,58 20 12
Waistband blindstitch 0,62 0,77 98% 91% 90% | 80% | 34 26 100% 95% 94% | 89% 0,69 34 24
Crotch Bartacking 0,2 0,53 42% 98% 92% | 38% | 55 29 98% 98% 94% | 90% 0,22 20 4
Crotch point bartacking 0,7 1,04 74% 93% 98% | 67% | 12 12 98% 95% 98% | 91% 0,77 12 9
Pocket and loop bartacking 1,8 1,97 107% 95% 90% | 91% | 35 69 107% 95% 90% | 91% 1,97 35 69
Bartacking 0,53 0,54 102% 98% 98% | 98% | 45 24 102% 98% 98% | 98% 0,54 45 24
Check before pressing 1,7 1,73 100% 100% 98% | 98% | 50 87 100% 100% 98% | 98% 1,73 50 87
Trimming blindstitch 0,29 0,58 56% 95% 94% | 50% | 65 38 86% 100% 94% | 81% 0,36 35 13
Cuff press 0,47 1,37 38% 95% 95% | 34% | 19 26 83% 95% 95% | 75% 0,63 0 0
Sewing trimming band 0,46 0,95 52% 97% 96% | 48% 3 3 90% 97% 96% | 84% 0,55 5 3
Leg Press 1,05 1,30 100% 84% 96% | 81% | 15 20 100% 94% 96% | 90% 1,16 15 17
Pressing 34 3,58 95% 100% 100% | 95% 5 18 97% 100% 100% | 97% 3,51 5 18
Ceasing press 0,8 1,23 90% 85% 85% | 65% | 10 12 100% 95% 85% | 81% 0,99 10 10
Final inspection 2,98 3,03 100% 100% 98% | 98% | 17 52 100% 100% 98% | 98% 3,04 17 52
. Cycle | Actual Actual
Segment 3 (Back Piece) y ) Performance | Availability | Quality| OEE | WIP | PLT |Performance | Availability | Quality| OEE . WIP | PLT
time |cycle time cycle time
Back trimming overlock 0,6 0,66 93% 99% 99% | 91% | 480 | 316 100% 95% 95% | 90% 0,66 475 | 316
Back rise overlock 0,24 0,25 100% 98% 99% | 97% | 100 25 100% 98% 99% | 97% 0,25 200 | 49
Sewing back dart 0,6 0,93 70% 94% 98% | 64% | 35 33 97% 96% 98% | 91% 0,66 90 59
Back dart ironing 0,82 0,91 91% 100% 99% | 90% | 67 61 91% 100% 99% | 90% 0,91 0 0
Sewing back welt pocket 0,8 0,87 104% 92% 96% | 92% | 45 39 104% 92% 96% | 92% 0,87 45 39
Back pocket press 0,59 0,68 90% 99% 98% | 87% | 120 81 98% 99% 98% | 95% 0,62 25 16
Back pocket bartacking 0,5 0,52 99% 99% 99% | 97% | 58 30 99% 99% 99% | 97% 0,52 45 23
Back pocket bagging 0,51 0,54 98% 99% 98% | 95% | 89 48 100% 99% 98% | 97% 0,53 45 24
Closing back pocket mouth 0,25 0,28 96% 95% 99% | 90% | 95 26 100% 92% 99% | 91% 0,27 45 12
Tack back pocket to waist 0,5 0,50 101% 100% 99% |100%| 76 38 101% 100% 99% |100% 0,50 0 0
Total 40,84 6630 4762 4460 2702
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ABSTRACT

In this research a preform for the reinforcement of tubular composite structures has been developed to
improve the mechanical properties of composite pipes. The mentioned preform was woven from para
aramid yarn in the tubular form. A mandrel was passed through a certain amount of tubular woven
preform layer then impregnated with resin, cured in an oven and the resulting composite pipe was
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removed from the mandrel. By using the same para aramid yarn, filament wound composite pipes

were also manufactured with the same production parameters. Axial and transverse compression
behaviors of tubular woven preform reinforced composite pipes were compared with the ones that are
manufactured by conventional filament winding method. The test results indicated that under
transverse and axial compression, composite pipes developed in this study showed superior strength

values than filament wound ones.

1. INTRODUCTION

Tubes refer to any shape of hollow material of uniform wall
thickness and defined by the outside diameter and wall
thickness dimensions. On the other hand, a pipe is one type
of tube with the specific circular shape [1] and composite
technology has been utilized in pipes for more than 50
years [2] because of their light weight, high strength,
stiffness and durability to corrosion. Composite pipes have
been used in many engineering applications like wastewater
treatment, transmission of gas, oil and chemicals [2-4].
They also found their way as structural elements in
buildings, bridges, automotive and aerospace industries [1].

Filament winding is one of the most common method to
produce composite pipes in which filament fibre is

Industrial textiles, composites,
textile reinforced composites,
filament winding, woven
preform, composite pipe

impregnated with the resin, winded around a mandrel and
then cured [6]. Some previous investigations about filament
wound composite pipes are focused on their mechanical
and thermal properties [4, 7-14] while the others focused on
design and development [15-18] of these pipes. The
filament winding process is an efficient and low cost
technique that ensures high fibre volume fraction with
unlimited number of repeatable and accurate fibre angles
[19-20] but also has some disadvantages. Although the yarn
winding angle can be adjusted, the filament fibre cannot be
exactly oriented towards the lengthwise direction of the
structure in respect of the process. Therefore, if filament
wound pipes are exposed to transverse impact loads and
destructive environmental conditions, having no fibres in
the thickness direction causes problems during their
installation, maintenance and service life [14]. Also, in

To cite this article: Pamuk G, Kemiklioglu U, Sayman O. 2019. Development of tubular woven preform reinforced composite pipe and
comparison of its compression behavior with filament wound composite. Tekstil ve Konfeksiyon 29(3), 262-267.
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filament wounded composites, cracks easily propagate
through fibre direction [21].

The main objective of this study was to design and
manufacture a tubular woven preform that can be used as
textile reinforcement in composite pipes and reduce the
disadvantages of filament winding method mentioned
above. Preforms manufactured by weaving technology,
draw attention by their strength properties in reinforcement
of composite structures. The advantages of woven preforms
compared to non-woven surfaces, which are their greatest
competitors, are that they can better adapt to complex
shapes, exhibit better drapeability and resistance to impact
[22]. As Pastore [23] stated, woven fabrics are by far the
most commonly used textile system for composite
applications. In literature woven preforms were restricted to
the reinforcement of composite materials mostly in plate
and laminated form [24-30]. With this regard, the novelty
of this work lies in the utilization of tubular woven preform
in reinforcement of composite pipes. Axial and transverse
compression behaviors of the new developed pipe were
compared with the filament wound ones. In addition, some
instructions are also provided for further research and
design of such structures.

2. MATERIAL AND METHOD

Carbon, glass and aramids are the most commonly used
high performance fibres in composite production. In this
study, para aramid fibres were chosen for preform
production owing to their high degree of toughness,
associated with the failure mechanism and damage
tolerance performance. Another attractive future of them in
composite reinforcement is when they break; they do not
fail by brittle cracking, as do glass or carbon fibres [31].
Instead, the aramid fibres fail by a series of small fibril
failures, where the fibrils are molecular strands that make
up each aramid fibre and are oriented in the same direction
as the fibre itself. These many small failures absorb much
energy and, therefore, result in very high toughness [31].

For composite tube configurations, (i) tubular woven
preform reinforced composite pipe (TWP) and (ii) filament
wound composite pipe (FWP) were considered and the
production procedures of these pipes were explained as
follows:

Production of tubular woven preform reinforced composite
pipe

Woven fabrics are produced by the interlacing of warp (0°)
yarns and weft (90°) yarns in a regular pattern. The types of
woven fabrics can be identified by the pattern of repeat of the
interlaced regions [32]. For weft and warp threads, different
raw materials may be selected depending on the use of the
composite pipe or both may be the same raw material.
Similarly, according to the mechanical properties expected of
the composite pipe, the fineness of the weft and warp yarn
and the weft-warp frequency of the fabric can be modified.

Tubular woven preform was produced on fully automatic
sampling loom with the double-layer woven fabric
production technique and the layers were not connected in
order to achieve a tubular gap between them. The tubular
preform has a 2/2 twill woven structure with a count of 20
ends/cm in warp direction and 20 picks/cm in weft direction.
In weft direction multifilament 83 tex para aramid yarn (146
cN/tex) was used. On the other hand, if multifilament yarn
has been used as warp yarn, yarn breakages would occur
during the weaving process. Thereby, in order to eliminate
yarn breakages, twisted 20 tex para aramid yarn (108 cN/tex)
was used in warp direction.

After the tubular woven preform is produced, a separator
was applied on mandrel which is selected according to the
desired composite pipe diameter and then the tubular
preform was passed over the mandrel. After that, a coat of
epoxy resin is applied on it, and this process is repeated for
each layer of preform. Totally 3 layers of tubular woven
preform was used. Once the fabric layers were completed,
the shrink tape was wrapped on the top layer. Then the
mandrel, with 3 layers of epoxy impregnated preform,
heated in a slow motion rotary oven at 120°C for 4 hours to
be cured. The pipe was kept rotating during the curing in
order to avoid resin glow toward a particular bottom side of
the cross section. After curing, specimens were extracted
from the mandrel and cut to length. The fibre volume
fraction of the composite pipe was %29.24.

Production of filament wound composite pipe

83 tex multifilament para aramid yarn which is also used in
the production of tubular woven preform was used for the
production of filament wound composites. Tows were
wetted with EPR 828 EL epoxy resin and EPH 875
hardener. For thin walled cylindrical shaped structures an
optimum winding angle of 55° was noted [9]. For this
reason, in our study, wet fibres were wound on the mandrel
3 layers with +55° angle by using a CNC winding machine.
Then, the mandrel put in an oven, rotating around its axis
and cured at 120°C for 4 hours. After all, the filament
wound composite pipes were cut into desired test length.

Compression testing of composite pipes

Transverse and axial compression tests were conducted on
tubular woven preform reinforced composite pipes (TWP)
(Figure 1-a) and filament wound composite pipes (FWP)
(Figure 1-b) to understand the mechanisms of compressive
failure and to examine the influence of reinforcement type
on these mechanisms. Transverse compression tests were
conducted according to ASTM Standard Test Method for
Determination of External Loading Characteristics of
Plastic Pipe by Parallel-Plate Loading (D-2412) and axial
compression tests were conducted according to ASTM
Standard Test Method for Compressive Properties of Rigid
Plastics (D-695). The dimensions of the specimens were the
same for both composite pipe types and showed in Figure 2.
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Figure 1. Compression test specimens; a) tubular woven preform reinforced composite pipes (TWP), b) filament wound

composite pipe (FWP)

Figure 2. Test specimen dimensions

During pretrial tests when compression was applied to the
(empty) pipes, buckling occurred and the pipes were
damaged more quickly than the internal walls. In order to
eliminate buckling the compression tests were conducted
both with fine sand filled pipes and empty pipes. The
compression tests were performed with the help of a
Shimadzu 100kN tester at a progressive speed of 1mm/
min. The load and displacement were recorded by standard
coordinate (x-y) system. The specimens were tested at room
temperature, which was about 20°C and the relative
humidity was about 65%. The number of specimen of each
set was three. The averages of values obtained from the test
results were used to form force-displacement plot.

3. RESULTS AND DISCUSSION

The recent studies about the compressive behavior of
tubular composites are mostly focused on their axial
compression behaviors. However, a lateral compression test
highlights the transverse behavior of the material, and even
though this kind of tests is rather seldom, it is of high
interest for the design of low-speed impact resistant
structures [33]. The results of transverse compression tests
(Figure 3) executed in this study showed that the maximum
strength of the empty pipes reinforced by the tubular woven

preform method was about 800N, while the maximum
strength of the empty pipes produced by the filament
winding method was around 180N (Fig.3). These results
proved that empty pipes produced with newly developed
tubular woven preform can withstand forces with the
prefactor 4.3 with compared to those of empty pipes
produced with filament winding method.
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Figure 3. Force — displacement diagram of empty pipes subjected
to transverse compression test

Moreover, the force-displacement curves for the
compression test of the empty pipes in the axial direction
are shown in Figure 4. The axial compressive strengths of
both composite pipe types are ten times as much as their
transverse compressive strengths. Also the amount of
displacement in axial tests is far less than the ones observed
in transverse tests. The empty pipes subjected to the axial
compression tests show that the maximum strength of the
pipes produced by the woven preform method is about
8000N, while the maximum strength of the pipes produced
by the filament bending method is around 2800N. These
results proves that empty pipes reinforced with novel
tubular woven preform can withstand axial forces with the
prefactor 2.8 when compared to those of empty pipes
produced with filament winding method.
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The damages seen in empty composite pipes during the
transverse and axial compression tests are shown in Figure
5-6. From the images, it is clear that buckling occurs at
empty pipes during the pressure tests. In order to prevent
buckling during the compression tests, additional
experiments were carried out with other pipe samples
which were filled with sand.

The force-displacement curves of the sand-filled pipes
which were subjected to the compression tests in the
transverse direction are shown in Figure 7. As can be seen
from the figure the damage propagation of sand filled pipes
are quite slowly when compared to empty pipes and also
the maximum strength of both pipes are much higher. The
sand in the tubes increased the strength against lateral
pressure so the experiment was terminated after the
displacement exceeded 10 mm.

Figure 8 shows the force-displacement curves of the sand-
filled pipes subjected to the compression tests in the axial
direction. As can be seen from the figure, the maximum
strength of the sand-filled pipes subjected to the axial
compression test is around 6000N for the samples
reinforced by the tubular woven preform while it is around
2300N for the samples produced by the filament winding
method. The result proves that the sand filled TWP can
withstand forces with the prefactor 2.48 when compared to

(@

the sand filled FWP. This ratio is very close to the
coefficient which was obtained in the compression test on
empty pipes in axial direction. In filament wound
composites, cracks easily propagate in the direction of the
fibres. However, it is thought that the interlacement points
of weft (90°) and warp yarns (0°) in tubular woven
preforms are assumed to be a crack-stopping task. That is
why the transverse and axial compression strengths of
empty and sand filled TWP are higher than filament wound
ones.
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Figure 4. Force — displacement diagram of empty pipes subjected
to axial compression test

(b)

Figure S. Transverse compression test of empty pipes; a) Before the test, b) After the test

(C))
Figure 6. Axial compression test of empty pipes; a) Before the test, b) After the test

(b)
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Figure 7. Force — displacement diagram of sand-filled pipes subjected to
transverse compression test.
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Figure 8. Force — displacement diagram of sand-filled pipes subjected to
axial compression test

After the transverse tests, no visible damage to the naked
eye was observed on the surface of the composite pipes
while some apparent damages were occurred on the
surfaces of pipes subjected to compression tests in the axial
direction. Damages of the pipes after the axial compression
tests are shown in Figure 9.

Figures 9a and 9c showed that buckling is formed on the
internal walls of the pipes which were tested emptily while
the tearing occurred suddenly in the pipes which were filled
with sand as seen in Figures 9b and 9d with the red marked.

4. CONCLUSION

Composite pipes have numerous end uses like pressure
vessels, pipe lines, oxygen and other gas cylinders, rocket
motor casings, helicopter blade and storage tanks. Filament

winding is one of the most common methods to produce
composite pipes. However, filament winding have some
advantages for instance the filament fibre cannot be exactly
oriented towards the lengthwise direction of the structure in
respect of the winding process. Because of having no fibres
in the thickness direction makes filament wound pipes
weak to transverse impact loads and destructive
environmental conditions. The aim of this study was to
design and manufacture a tubular woven preform that can
be used as textile reinforcement in composite pipes and
compare transverse and axial compression behaviors of this
pipe with filament wound one.

Empty and sand filled tubular woven preform reinforced
composite pipes withstood transverse compression forces
43 and 1.8 times higher than filament wound ones
respectively. In axial compression tests, tubular woven
composites showed almost 2.8 times better performance
than filament wound ones. In filament wound composites,
cracks easily propagated in the direction of the fibres.
However, the interlacement points of weft (90°) and warp
yarns (0°) in tubular woven preforms had a crack-stopping
task. That is why the transverse and axial compression
strengths of empty and sand filled tubular woven preform
reinforced composite pipes were higher than filament
wound ones.

b

Figure 9. Failure of the specimens after axial compression tests;

a) empty FWP specimen, b) sand filled FWP specimen, ¢) empty
TWP specimen, d) sand filled TWP specimen
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ABSTRACT

In this study, MATLAB 2018a software was used to evaluate pilling grade of woven fabrics
objectively. Experimental works were carried out on the EMPA W3 standard photographs and
accordingly two woven fabrics. Equations were built based on the measurements of pill
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characteristics and textural parameters of these photographs with the help of curve fitting method

after image processing steps. Intervals were generated for each fabric by using slope of these
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equations and quantitative parameters obtained from the original fabric. Furthermore, fabrics that

were provided pilling formation at different test turns were evaluated subjectively by expert operators.
Objective results corresponding to each parameter were analyzed comparatively with these subjective

Pilling, image processing,
GLCM, texture analysis,
MATLAB

results. The developed method was successful by using mean of matrix elements from textural

parameters and total area from pill characteristics.

1. INTRODUCTION

Pilling is one of the most important features that provide
information about fabric performance and aesthetic
properties. In recent years, the increase in the use of
synthetic fibers and blends has more increased the
importance of pilling. Pilling is affected by a wide range of
parameters such as material type, spinning technology,
fabric production technology, finishing technology. The
evaluation of pilling grades is usually based on rubbing
fabric to fabric surfaces up to a specific turns. The tested
samples are given a pilling grade by a trained and
experienced expert. Pilling grades of samples are evaluated
by the eye. Furthermore, this evaluation should be
supported by standard photos [1-5]. Most of the time in
decision making, it is difficult to obtain same results
because of differences in visual perception between experts.

These assessments have significant limitations because it
greatly depends on the human factor [6]. Due to these
reasons, there has been an increasing interest in the
determination of pilling resistance objectively with the
applications of the image processing technology for a long
time. Furferi ef al. presented an outstanding and
chronological review of the most relevant methods for
pilling measurement proposed so far [7]. In general,
quantitative analysis of pilling evaluation consists of
surface digitization, pills segmentation, pills quantization
and pills classification [8]. In these studies, calculating the
pilling grade depends upon a host of measurements
including pill density, pill size, pill height, and fuzz loft.
There is limited available publication based on textural
parameters of images [9]. However, it was seen that the
classification of pilling is a major problem with this kind of
works. Regression models, discriminant analysis and
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artificial neural networks have been used comparing
subjective methods for classification in the literature in
recent years [10-12]. A significant number of studies are
based on existing standard photographs. Because this
system has been used for years and the new system must be
compatible with them [13-20].

This paper seeks to remedy the mentioned problems by
analyzing the deficiencies of literature with a new
approach. This study takes into consideration both pills
characteristics and texture features of the binary images
among the quantization parameters. In different to earlier
studies, the fabric was scanned before and after pilling. In
this study, a system was tested based on the standard
photographs (W3) corresponding to different pilling grades
developed by EMPA according to Martindale method.
Equations were built based on the measurements of pill and
textural parameters of this photograph with the help of
curve fitting method. Intervals were generated for each
fabric by using slope of a distribution curve of these
standard photographs and quantitative parameters obtained
from the original fabric in the determination of the pilling
grades of woven fabrics. Furthermore, fabrics that were
provided pilling formation at different test turns were
evaluated subjectively by expert operators. Objective
results corresponding to each parameter were analyzed
comparatively with these subjective results.

2. MATERIAL AND METHOD

Two different woven fabrics were used in this study as
shown in Table 1.

“Nu-Martindale Test Instrument” was chosen to determine
pilling resistance of these fabrics in compliance with TS EN
ISO 12945-2. The images of fabric specimens with a
diameter of 140 mm were obtained by digital scanner as
300 x 300 dpi (dots per inch) 24 bits before the process of
placing in the rubbing area. The 300 dot/inch equals
11.811024 pixels/mm. The tests were carried out with three
specimens for each type at 1000, 2000, 5000 and 7000
turns. After this process, fabric surfaces containing pills
with a diameter of 90 mm were scanned again. To capture
images with same method as standard every time, digital
scanner was used. In this way, the test samples (diameter of
140 mm) corresponded to approximately 1650x1650 pixels
and pilling area (diameter of 90 mm) in specimens
corresponded to 1063x1063 pixels each time. Due to the
lissajous movement, the pilling area on the fabric is

prominent. However, the boundary regions of the pilling
area may be damaged depending on the fabric structure due
to the additional loading mass used in woven fabrics or the
improper placement of the sample. According to our
experiences, this situation causes negative effects on image
processing. To eliminate these problems, taken images
before and after in pilling were resized as 900 x 900 pixels
by cutting from width and length at the same size. After
that, the digital image processing steps have started.

2.1 Image Quantization and Segmentation

MATLAB R2018a software was used to evaluate pilling of
woven fabrics. Figure 1 provides the steps of image
quantization and segmentation. Firstly, the RGB color
images of fabrics are loaded to MATLAB package
program. These images are three-dimensional matrices in
"900x900x3 uint8" format. After that, matrices must be
two-dimensional (900x900 uint8) in order to be able to
operate on them. Thus, matrices expressing the different
tone of the gray consisted values ranging from 0 to 256
were generated. These matrices are transformed into a form
(900 x 900 double) that will have a value between 0 and 1.
These forms of matrices were ready for texture analysis
using GLCM from image processing techniques. Standard
deviation filter was implemented on these matrices in the
context of texture analysis [21, 22]. Histogram-fitting
technique was used to compare a reasonable threshold for
image segmentation [23]. In this way, all images were
segmented with same thresholding value. Then, these
images were segmented using Otsu's global thresholding
algorithm (thresholding value=0.49804). Thus, the pills in
the image were separated from the image background.
Values below the specified radius were masked using close
mask. This mask provides dilation followed by erosion.
And, this removes pills smaller than the determined
element. The same radius (shape=disk radius=4) was also
used to mask fabric images after pilling to provide the
possibility of comparing the fabrics. Furthermore, the
fabric's own fuzz and structure are not regarded as
discomfort. After this phase, the negatives of images were
obtained applying "invert mask" to matrices. Image
processing was finished by clearing the borders of the
image. And so, matrices of images have reached to
"900x900 logical" format. Several statistics were derived
with feature extraction from these matrices. Fabric’s
surface digitization, pills detection and segmentation were
carried out with these procedures.

Table 1. Specifications of fabrics

Code Weight (g/m?) Material Weave Fabric type
01 208 50% Polyester 50% Cotton Plain weave Trouser fabric
02 408 50% Polyester 50% Viscose Plain weave Crepe dressmaking fabric
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RGB color images of
fabrics are loaded to
MATLAB package

program

RGB images are
converted to the
grayscale format

Grayscale images are
transform to double
Pprecision

These images are
segmented using Otsu's
global thresholding
algorithm

Histogram-fitting
technique is used to
compare a reasonable
threshold

Standard deviation
filter was implemented
on these matrices

Values below the
specified radius are
masked using close

mask

The negative of images
are obtained applymg
"mvert mask" to
matrices

Image processing are
finished by clearing the
borders of the image.

Figure 1. Steps of image quantization and segmentation

2.2 Pills Quantizations

Pill quantizations were made using images in matrix format
obtained from image processing studies. Statistical
measures were extracted from matrices. Texture analysis
was performed with Gray Level Co-occurrence Matrix
(GLCM). GLCM consist of contrast, correlation, energy
and homogeneity. Mean of matrix elements (mean2),
entropy of grayscale image (entropy) and standard
deviation of matrix elements (std2) information can be
obtained within texture analysis. Furthermore, it is possible
to extract values from grayscale images such as pill
number, area, convexArea, eccentricity, equivdiameter,
Euler number, extent, filled area, major axis length, minor
axis length, orientation, perimeter and solidity through
image region analyzer.

2.3 Pills Classification

In this study, a system was tested based on the standard
photographs corresponding to different pilling grades
developed by EMPA. EMPA SN 198525 is an industrial
standard for fabric pilling evaluation. This standard was
developed for the evaluation of specimens worked in the
Martindale pilling test tool. The EMPA standard contains

three separate categories, each consisting of four images. In
total, there are 24 photographs for knitted (K1, K2, K3) and
woven (W1, W2, W3) fabrics. In this study, experimental
works were carried out on the W3 standard photograph and
accordingly two woven fabrics. Equations were built based
on the measurements of pill and textural parameters of
these photographs with the help of curve fitting method.
Intervals were generated for each fabric by using slope of a
distribution curve of these standard photographs and
quantitative parameters obtained from the original fabric in
the determination of the pilling grades of woven fabrics.
Furthermore, fabrics that were provided pilling formation at
different test turns were evaluated subjectively by expert
operators. Objective results corresponding to each
parameter were analyzed comparatively with these
subjective results.

3. RESULTS AND DISCUSSION

Figure 2 presents images of EMPA SN 198525 “W3”
standard photographs before and after image processing.
The pill quantization results obtained binary images can be
compared in Table 1.

3/4

2/3 1/2

Figure 2. EMPA SN 1982555 “W3” standard photographs before and after image processing
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From Table 2, it can be seen that six features (mean of
matrix elements, standard deviation of matrix elements,
entropy of grayscale image, contrast, number of pills and
total area) have an increasing trend when the pilling grade
worse. And, two statistics (energy and homogeneity)
extraction from Gray-level Co-occurrence Matrix has a
reducing trend with the decrease of pilling grade. There
was no clear trend between pilling grades and other
variables. In these eight properties, linear curve fitting is
made for each property using measuring points. As shown
in Figure 3 and 4, the coefficients of the determination (R?)
for selected features was found to be 82.7% and above.
Thanks to these equations, the eight intervals (5, 4/5, 4, 3/4,
3, 2/3, 2, 1/2) of different pilling grades for standard
photograph were generated as shown in Table 3.

The slopes of the lines obtained for each feature on the
basis of these data were used for fabric samples to be
tested. The extracted features from the untested fabric
samples were written against the starting point of 5.25.
Intervals have been generated for eight features in each
fabric by using formula of the slope of the line. Then, it was
investigated the intervals corresponding to values of the
eight features obtained from fabrics that had pilling
formation at different turns.

The results obtained from the image processing of two
different woven fabrics are shown in Figure 5. Images of
fabrics in 0 and 7000 turns were given in this figure.

Table 4 provides subjective evaluation results and the
results of statistical measurements obtained from binary
images of fabrics with feature extraction.

Table 2. The pill quantizations results obtained from “W3” standard photographs

Pilling Grade 4/5 3/4 2/3 1/2
Mean of matrix elements 0.00530 0.00698 0.00961 0.02072
Standard deviation of matrix elements 0.07258 0.08328 0.09758 0.14243
Entropy of grayscale image 0.04766 0.06006 0.07822 0.14544
Contrast 0.00167 0.00210 0.00296 0.00614
Correlation 0.84205 0.84904 0.84479 0.84883
Energy 0.98779 0.98402 0.97799 0.95328
Homogeneity 0.99917 0.99895 0.99852 0.99693
Number of Pills 62 75 108 217
Total Area 4290 5657 7787 16780
Major Axis Length 10.3299 10.9462 10.4451 11.0280
Minor Axis Length 8.6400 8.8453 8.7950 8.9456
Eccentricity 0.3572 0.4097 0.3611 0.3782
Orientation 20.5863 7.8236 20.8937 13.4818
EquivDiameter 9.2727 9.6460 9.4151 9.7091
Solidity 0.9294 0.9299 0.9311 0.9299
Extent 0.6227 0.6230 0.6342 0.6249
Perimeter 28.07 29.47 28.38 29.73
Mean of Matrix Elements Standart Deviation of Matrix
0.02500 Elements
=-0,0049x + 0,0253 -
0.02000 R:=0827 0.15000
0.,01500 0.10000
0.01000
g 0.,05000 ¥ =-0,0224x + 0,1661
L R® = 0,8842
0.00000 0,00000
0 1 2 3 4 5 0 1 2 3 4 3
Entropy of Grayscale Image Contrast from GLCM
0.20000 0,00800
y=-0,0311x + 0,1763 ¥ =-0,0014x + 0,0075
0.15000 T R'=08516 0.00600 R®=0,8313
0.10000 0.00400
0,05000 0.00200
0.00000 0.00000
0 1 2 o3 4 5 0 1 2 3 4 5

Figure 3. The obtained equations for mean, standart deviation, entropy and contrast
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Energy from GLCM

Homogeneity from GLCM

250
200
150
100

50

y=-49,8x + 264,9
R? = 0,8344

100000 1.00000
y=0,011x + 0,9429 099950 Y= 0:0007x+0,9962
0.99000 R?=0,8298 B R:— 0.8313
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Number of Pills Total Area

20000

15000

10000
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y =-3960x + 20509
R*=0,827

Figure 4. The obtained equations for energy, homogeneity, number of pills and total area

Table 3. The intervals of different pilling grades for standard photograph (EMPA W3)

5.25 4.75 4.25 3.75 3.25 2.75 2.25 1.75 1.25

Mean -0.0004 0.0020 0.0045 0.0069 0.0094 0.0118 0.0143 0.0167 0.0192
Std. Dev. 0.0485 0.0597 0.0709 0.0821 0.0933 0.1045 0.1157 0.1269 0.1381
Entropy 0.0130 0.0286 0.0441 0.0597 0.0752 0.0908 0.1063 0.1219 0.1374
Contrast 0.0002 0.0009 0.0016 0.0023 0.0030 0.0037 0.0044 0.0051 0.0058
Energy 1.0007 0.9952 0.9897 0.9842 0.9787 0.9732 0.9677 0.9622 0.9567
Homogeneity 0.9999 0.9995 0.9992 0.9988 0.9985 0.9981 0.9978 0.9974 0.9971
Number of Pills 3.45 28.35 53.25 78.15 103.05 127.95 152.85 177.75 202.65
Total Area -281 1699 3679 5659 7639 9619 11599 13579 15559
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Figure 5. Images of analyzed two different fabrics in the steps of processing for 0 and 7000 turns
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Table 4. Statistical measurements obtained from binary images of fabrics with feature extraction

[72]
% = - ‘? E S o
S = > z 7] > Q — e =)
o = S 3 I < ef = =) - =
= | = | 3 . g £ o 5 2 2%
= ] = S E= =
I 2 = S = g £ g s
= = =
z
0 0.0038 0.0606 0.0358 0.0016 0.9879 0.9992 43 3088 -
1000 0.0085 0.0918 0.0708 0.0025 0.9806 0.9987 96 6900 4/5
01 2000 0.0111 0.1049 0.0882 0.0033 0.9747 0.9984 123 9016 4
5000 0.0122 0.1096 0.0949 0.0036 0.9723 0.9982 139 9861 3/4
7000 0.0142 0.1180 0.1072 0.0043 0.9678 0.9979 162 11485 3
0 0.0177 0.1318 0.1283 0.0054 0.9598 0.9973 204 14338 -
1000 0.0228 0.1491 0.1567 0.0067 0.9488 0.9966 246 18451 4
02 2000 0.0264 0.1601 0.1757 0.0078 0.9409 0.9961 284 21345 3/4
5000 0.0314 0.1743 0.2012 0.0090 0.9302 0.9955 325 25415 2/3
7000 0.0330 0.1787 0.2093 0.0094 0.9268 0.9953 334 26737 2

It is apparent from Table 4 that subjective pilling grades
have a decreasing trend with the increase of turns for both
fabrics. From the data in Table 4, it can be seen that six
features (mean of matrix elements, standard deviation of
matrix elements, entropy of grayscale image, contrast,
number of pills and total area) have an increasing trend
with the worse pilling grade and the increase of test turns.
And, there was a clear trend of decreasing with the increase
of turns and decrease of pilling grade in two statistics
(energy and homogeneity) extraction from Gray-level Co-
occurrence Matrix. Data from this table can be compared
with the pill quantizations results obtained from “W3”
standard photographs in Table 2 which show same trends
for eight features. The results indicate that eight statistical
values show similarity as direction with the relationship
trend between variables and pilling grades in standard
photographs. However, results of the pill quantizations
obtained from statistical features of both fabrics and “W3”
were different in the same subjective results. The subjective
results of fabric coded as "01" after 2000 turns and fabric
coded as "02" after 1000 turns were equal to "4". The
subjective results of fabric coded as "01" after 5000 turns
and fabric coded as "02" after 2000 turns were equal to
"3/4". However, the obtained eight statistical results were
completely different (Table 4). Furthermore, it can be seen
from Figure 6 that binary images after segmentation
corresponding to same subjective results were completely

different. Similar situations were observed when binary
images were analyzed after segmentation in Figure 5. There
were also significant increases in amounts of pills in 7000
turns according to O turns for both fabrics. The appearance
of the fabric codes as "01" after 7000 turns were similar to
the appearance of the fabric codes as "02" after O turns.

Very different images can be observed for the same
subjective result although fabrics were used the same image
processing steps and were segmented at the same diameter.
In the literature, the results obtained from extracted from
binary images were used directly for classification. As
explained by the examples, this situation prevents reaching
the correct result since the structure of each fabric is
different from each other. Fabrics have different amounts of
fuzz or surface properties. To eliminate this limitation of
work, the data belongs to original fabrics (0 turns) were
approved as reference point. The extracted features from
the untested fabric samples were written against the starting
point of 5.25. Intervals have been generated for eight
features in each fabric by using formula of the slope of the
line from the intervals of different pilling grades for
standard photograph (EMPA W3) in Table 3. Tables 5 and
6 present the intervals of different pilling grades for fabric
coded as “01” and “02”. To give an example, let's examine
how 3.75 and 3.25 intervals were generated for the 3.5
pilling grade value in statistics of number of pills from
Table 5.

102" after 1000

Subjective
Results + 4
Binary
Images after
segmentation
" ", =
Definition 01" after 2000
turns turns

3/4

3/4

02" after 2000
turns

"O1" after 5000
turns

Figure 6. Binary images after segmentation corresponding to “4” or “3/4”
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Table 5. The intervals of different pilling grades for fabric coded as “01”

5.25 4.75 4.25 3.75 3.25 2.75 2.25 1.75 1.25
Mean 0.0038 0.0063 0.0087 0.0112 0.0136 0.0161 0.0185 0.0210 0.0234
Std. Dev. 0.0606 0.0718 0.0830 0.0942 0.1054 0.1166 0.1278 0.1390 0.1502
Entropy 0.0358 0.0513 0.0669 0.0824 0.0980 0.1135 0.1291 0.1446 0.1602
Contrast 0.0016 0.0023 0.0030 0.0037 0.0044 0.0051 0.0058 0.0065 0.0072
Energy 0.9879 0.9824 0.9769 0.9714 0.9659 0.9604 0.9549 0.9494 0.9439
Homogeneity 0.9992 0.9989 0.9985 0.9982 0.9978 0.9975 0.9971 0.9968 0.9964
Number of Pills 43 68 93 118 143 168 193 218 243
Total Area 3088 5068 7048 9028 11008 12988 14968 16948 18928

Formula of slope of the line> m=(y,-y,)/(X2-X1) (1 (103.05-3.45)/(3.75-5.25)= (y,-43)/(3.75-5.25)

The slope between the values of “5.25” and “3.75” in Table
3 has remained constant for Table 5.

The result of “5.25” for number of pills in Table 3 was
“3.45”.

The result of “3.75” for number of pills in Table 3 was
“78.15”.

The result of “3.25” for number of pills in Table 3 was
“103.05”.

The results of original fabrics (0 turns) were used for the
initial value of 5.25 in Table 5.

The result of original fabrics (0 turns) for number of pills in
Table 4 was “43”.

In the light of this information, for “3.75” in statistics of
number of pills from “Formula 1”:

(78.15-3.45)/(3.75-5.25)= (y,-43)/(3.75-5.25)
Y2:1 18

For “3.25” in statistics of number of pills from “Formula 1”’:

Y2:143

In this case, an interval for the 3.5 pilling grade value of
number of pills was generated to 118-143 as shown in
Table 5. The same operations were repeated for the other
values and statistical properties.

Statistical measurements obtained from binary images of
fabrics with feature extraction in Table 4 were processed on
the intervals of different pilling grades for fabrics in Tables
5 and 6. These objective results can be compared in Table
7. The same results with subjective results were painted
with bold. Furthermore, 0.5 unit differences have added in
addition to the same grades with the decrease of sensitivity.
These similar results with subjective results were shown in
a sub-color (Table 7).

In general, the relationship of similar grades among test
results was compatible except standard deviation of matrix
elements in “5000” and “7000” turns for fabric coded as
“02”. However, there were significant differences in same
grades. The increase of sensitivity has provided significant
decrease in similarities for most of statistical properties.

Table 6. The intervals of different pilling grades for fabric coded as “02”

5.25 4.75 4.25 3.75 3.25 2.75 2.25 1.75 1.25
Mean 0.0177 0.0202 0.0226 0.0251 0.0275 0.0300 0.0324 0.0349 0.0373
Std. Dev. 0.1318 0.1430 0.1542 0.1654 0.1766 0.1878 0.1990 0.2102 0.2214
Entropy 0.1283 0.1438 0.1594 0.1749 0.1905 0.2060 0.2216 0.2371 0.2527
Contrast 0.0054 0.0061 0.0068 0.0075 0.0082 0.0089 0.0096 0.0103 0.0110
Energy 0.9598 0.9543 0.9488 0.9433 0.9378 0.9323 0.9268 0.9213 0.9158
Homogeneity 0.9973 0.9970 0.9966 0.9963 0.9959 0.9956 0.9952 0.9949 0.9945
Number of Pills 204 229 254 279 304 329 353 378 403
Total Area 14338 16318 18298 20278 22258 24238 26218 28198 30178
Table 7. The comparison of subjective and objective results
Fabrics 01 02
Turns 1000 2000 5000 7000 1000 2000 5000 7000
Subjective Results 4.5 4 3.5 3 4 3.5 2.5 2
Mean 4.5 4 35 3 4 35 2.5 2
Std. Dev. 4 3.5 3 2.5 4.5 4 35 3
Entropy 4 35 3.5 35 45 35 3 2.5
Contrast 4.5 4 4 3.5 4.5 3.5 2.5 2.5
Energy 4.5 4 4 3.5 4.5 3.5 2.5 2
Homogeneity 4.5 4 3.5 3.5 4.5 35 2.5 2.5
Number of Pills 4 3.5 35 3 4.5 35 3 2.5
Total Area 4.5 4 3.5 3 4 3.5 2.5 2
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The same grades between subjective results and the results
of standard deviation of matrix elements were not obtained
for any turns in two different fabrics. In entropy of
grayscale image, same grades were only measured “5000”
turns for fabric “01” and “2000” turns for fabric “02”. In
number of pills, there were two same grades in “5000” and
“7000” turns for fabric “01”. One same grade was observed
in “2000” turns for fabric “02”. In contrast, four same
grades as total were determined for two fabrics. In
homogeneity and energy results, five same grades as total
were observed for two fabrics. The best relationships were
obtained in mean of matrix elements and total area.
According to Table 6, there were same grades in all turns
for two fabrics with respect to mean of matrix elements and
total area. It can be seen from the data in Table 7 that no
differences were found in mean and total area between
subjective and objective pilling grades. The developed
method in this study in order to determine the fabric pilling
was successful by using mean of matrix elements and total
area.

A strong relationship between total area and subjective
results has been reported in the literature [13, 15, 16, 23].
This study confirms that total area from pilling
characteristics is associated with subjective assessments. In
reviewing previous studies, no data found on the
association between mean of matrix elements from textural
parameters and subjective results. In addition to earlier
findings, a strong relationship was observed between

subjective assessments and mean of matrix elements
obtained from textural parameters. There were no
differences between subjective assessments and the
obtained objective results by using mean of matrix elements
and total area. Moreover, the developed method in this
study was compatible with the current method used in the
sector.

4. CONCLUSION

A common quality language is very important for the textile
industry in the globalizing world. The most frequently
fabric pilling evaluation systems are very subjective and
have a broad quality interval. Differences in visual
perception between operators make difficult to obtain same
results. Disputes occur between some operators in the
samples especially containing loosely entangled fuzz fibers.
This situation often leads to disagreements in high costs in
the supply chain. In this investigation, the purpose was to
evaluate pilling grade of fabrics objectively with a new
approach. The developed method was successful by using
mean of matrix elements from textural parameters and total
area from pill characteristics. The findings of the study
were consistent with EMPA W3 standard photograph. In
future works, the developed method should be carried out
on the other EMPA or different standard photographs (BS,
ASTM, IWS, M&S and etc.) in order to be made applicable
to the whole sector.
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