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Reinventing the Portuguese knitwear industry: the case
of Pedrosa & Rodrigues private label management model

DOI: 10.35530/1T.072.05.202035

GRACA GUEDES PAULO VAZ

ABSTRACT - REZUMAT

Reinventing the Portuguese knitwear industry: the case of Pedrosa & Rodrigues private label
management model

During the first decade of this century, the Portuguese knitwear industry, and textile cluster, were strongly affected by
globalisation and seemed destined to decline. The Portuguese knitwear industry developed for decades a business
model based on price as the main competitive factor, and that model was no longer able to support competitiveness
against low wages countries. Portuguese knitwear industry made a dramatic change towards a competition based on
value to the client. The companies adopted as primary differentiation drives technological innovation, design, fashion,
and services customer-oriented, together with more presence on international fairs and exhibitions. The new strategy
resulted in the significant growth of exports that reached 40% from 2009 to 2018. The restructuring of the cluster,
however, changed it significantly, and the number of companies was reduced by almost 50%. The competitive change
made the entire Portuguese textile cluster an international case study where the modern concept of private label
business model is central.

The business model of private label adopted by the most competitive knitwear companies considered a full package of
services to international clients. It integrated the collection’s design, raw materials development, superior finishing,
careful and cost-effective confection and sophisticated logistics. Pedrosa & Rodrigues, SA. is a midcap company from
Barcelos County, North of Portugal, and is a highly successful example of the new competitive paradigms. This new
model is now leading the Portuguese knitwear industry to a higher level in the value chain and gives it a strong reputation
worldwide.

Keywords: private label, design service oriented, textile industries new paradigms, organisational innovation,
sustainable value chain

Reinventarea industriei portugheze de tricotaje: cazul modelului de management al etichetei private
Pedrosa & Rodrigues

In primul deceniu al acestui secol, industria portugheza de tricotaje si clusterul textil au fost puternic afectate de
globalizare si pdreau sé intre intr-un declin. Industria portugheza de tricotaje a dezvoltat timp de decenii un model de
afaceri bazat pe pret ca principal factor competitiv, iar acel model nu mai era capabil s& sustind competitivitatea in tarile
cu salarii mici. Industria portughezé de tricotaje a facut o schimbare dramaticé cétre o concurentd bazata pe valoare
addugata pentru client. Companiile au adoptat ca motor de diferentiere primara inovatia tehnologicd, designul, moda si
serviciile orientate céatre client, impreun& cu o mai mare prezenta la targurile si expozitiile internationale. Noua strategie
a avut ca rezultat o crestere semnificativd a exporturilor, care a atins 40% in perioada 2009—-2018. Cu toate acestea,
restructurarea clusterului a schimbat acest lucru in mod semnificativ, iar numarul companiilor a fost redus cu aproximativ
50%. Schimbarea concurentiald a facut ca intregul cluster textil portughez sa devind un studiu de caz international, in
care conceptul modern al modelului de afaceri cu eticheta privata este central.

Modelul de afaceri cu eticheta privata adoptat de cele mai competitive companii de tricotaje a luat in considerare un
pachet complet de servicii pentru clientii internationali. A integrat designul colectiei, dezvoltarea materiilor prime, finisaje
Superioare, produse atent create si rentabile, precum si logisticd sofisticatd. Pedrosa & Rodrigues SA este o
intreprindere mijlocie din regiunea Barcelos, din nordul Portugaliei si este un exemplu de mare succes al noilor
paradigme competitive. Acest nou model conduce acum industria portugheza de tricotaje la un nivel mai inalt in lantul
valoric si ii confera o reputatie puternica in intreaga lume.

Cuvinte-cheie: eticheta privata, orientare cétre design, noi paradigme ale industriei textile, inovatie organizationala, lant
valoric durabil

INTRODUCTION environment characterised by increased competition,
speed and frequency of changes [5].

The fashion market also became synonymous with
rapid changes and, as a result, commercial success
of the nations’ economy, enhanced by globalisation, o fajlure in the markets depends on the flexibility and
has transformed the world [2-4] causing nations, responsiveness of organisations [6]. According to
economic sectors and even individuals to adaptto an  Henderson [7], the strategy contributes to a deliberate

Globalisation has altered competitiveness dynamics
[1]. In the last decades, the high degree of openness
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search for an action plan that will develop a compet-
itive advantage for the business. The essence of the
strategy is to choose a unique positioning and a dif-
ferentiated value chain [8]. On the other hand,
Rowley, Bareghehe and Sambrook [9] point out that
there is widespread recognition of the growing impor-
tance of innovation for organisations and economies.
In this way, companies’ survival depends on their
ability to implement R&D strategies and acquire
advanced technological knowledge to generate ideas
about new products or improve current ones, remain-
ing ahead of their competitors [10].

As Cheng et al. [11] pointed out, the competitiveness
between national brands and private label brands
has been a fundamental research area in the last
decade [1]. According to Hsiao et al. [12], some stud-
ies have focused on consumer attitudes towards pri-
vate label (PL) brands. Other relevant studies exam-
ine the relationship between quality and price.

This research work aims to identify aspects of com-
petitiveness and strategy adopted by companies that
adopt the private label model to face global competi-
tiveness in the textile and clothing industry. The case
study method allowed an in-depth analysis of how
companies implemented the private label model.
Pedrosa & Rodrigues over the last decade has suc-
cessfully implemented the private label model, and
its’ study can contribute to the understanding of the
requirements faced by companies that wish to adopt
this model.

COMPETITIVENESS IN THE NEW MARKET
CONDITIONS

Competitiveness and strategy

Competitiveness is a concept that implies different
meanings for companies and a country’s economy
[13]. In a general perspective, according to Mariotto
[14] and Teixeira [5], the term competitiveness is
applied to both nations and companies. The concept
refers to the ability of an organisation or nation to be
successful in the market despite national and world
competition.

For Porter [15], the strategy consists of creating a
unique and valuable position, involving a different set
of activities. On the other hand, a strategy is the set
of decisions and actions of the company that, consis-
tently, seek to provide customers with more value
than that offered by the competition. The strategy is a
deliberate search for an action plan that will develop
a competitive advantage for the business [7]. Thus,
the essence of the strategy is to choose a unique
positioning and a differentiated value chain [8]. For
Miranda [16], from goals to policies, among other
configurations, the strategy is described as a process
of maturation and natural evolution of the complex
activity of business management conditioned by
technological, economic, social and environmental
developments.

Teece, Pisano and Shuen [17] substantiate, on the
other hand, that strategic management consists of
the way companies achieve and sustain a competitive
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advantage. Porter and Kramer [8] emphasise that the
strategy theory holds that, in order to be successful,
a company must create a distinctive value proposi-
tion that meets the needs of a set of customers. The
company obtains a competitive advantage through
the way it sets up the value chain or the set of activ-
ities involved in the creation, production, sale, deliv-
ery and support of its products or services.

For a company, a competitive strategy is to be differ-
ent. It means intentionally choosing a different set of
activities to offer a unique combination of value [15;
18]. The objective is to find a way to position itself in
the industry, in order to benefit from the competitive
forces model: (1) rivalry between competing compa-
nies; (2) suppliers’ bargaining power; (3) customers’
bargaining power; (4) threat of new entries; and
(5) threat of substitute products [19]. According to this
model, customers, suppliers, substitutes and poten-
tial entries, as well as competitors, exert pressure on
the company, which will be greater or lesser, accord-
ing to each case [14]. The strategic decision process
is considered an essential part of the process in
which organisations adapt to the contextual environ-
ment. Porter [15] also presents a typology of strate-
gies that the company can use to face the five forces
of competition successfully [14]. They are called
generic strategies because they can be adopted by
any business unit [20]. The adoption of any of the
three strategies (differentiation, cost and specialisa-
tion) would imply full support from the organisation
concerning the chosen strategy, so this would imply a
non-adoption of more than one strategy at the same
time by the organisation [5].

However, as Moraes and Zilber [20] point out, sever-
al authors developed concepts that contradict
Porter’'s model, generating so-called hybrid strate-
gies that propose that companies can simultaneous-
ly and profitably adopt cost leadership and differenti-
ation.

Competitiveness of the textile and clothing
industry

Nowadays, companies face new challenges, and
more aggressive competition prevails, with more
complex products and more demanding consumers
[21].

The textile industry and its’ context struggle to keep
developing the process of modernisation, driven by
the emergence of entirely new or more sophisticated
textile technology, together with the growing compe-
tition for markets and products. The process was
developed in the industrialised countries and after-
wards expanded to recently industrialised and devel-
oping countries, many of which use the latest textile
technologies as a way to guarantee a competitive
position, especially in export markets [22]. According
to Lee and Ostberg [23] due to its labour-intensive
nature, this industry generally occurs in economies
that are in the early stage of development. However,
as the economy develops to become highly industri-
alised, wages increase, and the economy loses its
price competitiveness.

2021. vol. 72. no. 3



Currently, in Europe, the textile and clothing sector
continues to play a significant role in the European
economy. Its eventual decline could have a signifi-
cant impact on the EU economy [24] since 185,000
companies, mostly SMEs, remain in operation,
employing 1.7 million workers (6% of employment in
the EU), and generating a turnover of 166 billion
euros (3% of the EU added value) widely distributed
across the EU. However, a substantial part of textiles
and clothing consumed in the EU is produced in other
parts of the world, mainly Asia, taking advantage of
the lower wage cost. The disadvantages of this model
include long-distance supply chains, poor working
conditions and high environmental costs [25].

The Portuguese textile and clothing industry is one of
the most important manufacturing activities in the
national economy. It represents about 3% of GDP,
10% of merchandise exports, 20% of employment,
9% of production and 11% of the GVA of the national
manufacturing industry. In absolute numbers, its
expression is even more significant: 7.6 billion in
turnover, 7.5 billion in production, 5.3 billion in
exports and 134 thousand direct jobs. It outranks
more than five times the cork sector and more than
2.5 times the footwear industry [26]. The sector is
more important from a regional point of view since
the sector is strongly concentrated in the North Literal
part of the country, with particular importance in
areas, Braga and Porto that represent 57% and 24%
of the total sector volume of trade (figure 1).

Legend
; o Region | Textil & Apparel trade
O Pl L% T 57%

U%

4to 5%

1to3%

e |

0%

Fig. 1. Textile and clothing trade regional distribution in
Portugal

The demand for the textile and clothing industry is
highly dependent on the disposable income and the
general economic well-being of the regions. The last
decade the sector has benefited from an increasing
number of consumers who have chosen to buy more
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garments at lower prices, generating revenue and
profit in the sector [27].

Taking into account the Portuguese context it
appears that textile companies face strong competi-
tiveness in two ways. On the one hand, the presence
of large international textile and clothing companies
that mainly adopt a cost-leading strategy and, on the
other hand, several brands of already established
manufacturers that transfer a large part of their man-
ufacture to low-income countries. However, the
Portuguese textile companies that survive are those
that continue with their production in the domestic
market [10].

The new fashion design paradigm and the
private label model

Fashion design aims to develop clothing and acces-
sories respecting cultural, technical, and market
trends. Fashion design is a means of communication,
whether intentional or not, and Kratz [28] supports
that fashion is an intangible and symbolic product.
The analysis of this immaterial work produced by the
designer cannot lose sight of what is inserted in the
industrial process of fashion and clothing.

Preiholt [29] refers that in the past, fashion was con-
nected with the leading fashion capitals, such as
Paris, London, Milan and New York, and was primar-
ily influenced by their intercultural environment.
However, nowadays, it becomes more challenging to
identify the sources of international fashion, in terms
of global production and consumption. One of the
characteristics of contemporary fashion is that it went
from being a collective choice to becoming an indi-
vidual choice, consumers mixing more and more
styles, instead of adopting single brands.

The use of social networks contributed to change the
way fashion is presented, disseminated and used.
Consumers started to share information and create
content. This new behaviour led designers and
brands to consider consumers’ opinions, in order to
produce articles according to their needs and pre-
ferred trends, but also to listen to their opinion about
competitors’ products [12].

Rossi and Harger [30] consider it essential that com-
panies follow market trends and innovations that, in
the case of fashion, consider fabrics, colours, prints,
cuts, shapes, among other elements.

Lima [31] states that the introduction of internal or
external skills in terms of the design means a pre-
sentation of increasingly bold proposals with cus-
tomers, with whom a relationship is established that
provides an increase in the number of orders. Many
companies, regardless of their size, already have
internal creative departments, with textile and fashion
designers, who develop solutions for their brands or
third parties. Currently, companies, even those that
work only for third party brands or in PL, offer a full-
service package, consisting of the collection design,
material development, industrial production and dis-
tribution logistics [32].

ATP [26] also highlights the importance of possessing
skills in the field of design. Those competencies are
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essential to fully acquire the skills that the major
brands transfer to the most sophisticated and quali-
fied suppliers, retaining valuable customers and
attracting new ones, in increasingly sophisticated
markets and niches. Margins that are more signifi-
cant reward the permanent removal from the compe-
tition based on price and the search for competition
through differentiation.

In the future, it is expected that ITV’s business in the
PL model will be to maintain and evolve by integrat-
ing more benefit into the final product. For this, it will
be necessary to invest in strategies for innovation in
processes and organisation, in increasing coopera-
tion with customers and suppliers, in increasing skills
that allow improving the conditions of supply with
advantages for the markets [26]. Companies must
adopt a new position in these businesses, working as
if they are the “innovation department” of their clients’
brands and thus obtaining competitiveness through
specialisation and innovation.

METHODOLOGY

Authors such as Sauders et al. [33] postulate an
investigation process that allows the understanding
of the object of study by successive approximations
that was adopted. Given the nature of the study to be
carried out and its objectives, it resulted the following
steps: i) definition of the research theme; ii) critical
review of the literature and existing information on
the topic, in order to define the theoretical framework;
i) selection of companies, the object for study, that
obeys a pre-defined set of criteria: location, dimen-
sion, specialisation, degree of internationalisation
and intensity in the use of design as a critical factor
of competitiveness and differentiating the respective
value proposal; iv) data collection of the companies
under study; v) data analysis and interpretation.

The case study was defined as the primary method in
the work, as this is empirical research [34], that
begins with exploratory goals and evolves to achieve
an in-depth understanding of the evolution of the
implementation of a concrete management model
and in a real context, according to the guidelines pro-
posed by Robson [35] and Yin [36]. There are sever-
al types of case study, and in the present research,
the one we used is the “emancipatory” [35].

The case study of Pedrosa & Rodrigues will be com-
bined and compared with others carried out on the
same collective object of study [37], which is the cir-
cular knitting industry in the municipality of Barcelos.
The case study considered three levels of informa-
tion: the company’s economic and financial indicators
from the last ten years, the consultation with sec-
ondary sources, consisting of interviews and pub-
lished reports about the company, and semi-struc-
tured interviews with its Directors, Casimiro
Rodrigues, the founder of Pedrosa & Rodrigues, and
Miguel Pedrosa Rodrigues, member of the company
management. The information collected, processed
and analysed allowed to achieve the objective of in-
depth understanding of the implementation process
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of the strategic private label model in the knitwear
industry and the drawing of conclusions regarding
the possible adoption of this model by companies in
the same or other industrial branches.

RESULTS

Pedrosa & Rodrigues is a textile company, semi-ver-
tical, from the circular knitting subsector, located in
the municipality of Barcelos, specialising in women’s
fashion, working practically exclusively for the foreign
market, under private label regime. In 2017 this com-
pany had a turnover of 15,6 million euros and
employed 109 direct workers.

On its website (www.pedrosa-rodrigues.pt), the com-
pany presents itself as an industrial company spe-
cialised in high-end clothing, that offers its’ clients
design and clothing items development according to
the customer’s specifications. The company follows a
21 steps protocol that goes from the design sketch,
presented by the client or by its’ design department,
and ends with sending the invoice to the customer.
The focus of this protocol is on high efficiency, fluidi-
ty and transparency in the process, in order to offer
the client an excellency level service and reliability.
The company differentiates itself from the competition
by the solidity of these arguments put into practice.
Pedrosa & Rodrigues (P&R) was founded in 1982 by
the couple Sabina Rodrigues and Casimiro
Rodrigues, having taken off in the garage of Sabina’s
parents. Casimiro was involved in car repair, while his
wife already worked in the clothing sector, in the cut-
ting department. Both felt dissatisfied and unused in
their abilities and desired higher challenges. The first
years were hard, with the founders doing practically
everything there was to do, working in a “multitask”
and “nonstop” regime from Tuesday to Friday. The
effort paid off, and gradually, the company aban-
doned the collaboration with national companies to
produce and export directly to international clients.
Casimiro Rodrigues stated that the strategic change
aimed to obtain a more significant margin and to sup-
port the company expansion since it was necessary
to offer higher benefit to conquer clients that are more
demanding. The strategic option was to follow the
evolution of the Italian market, transferring the offer of
minutes to the offer of value. The founder of P&R
also stressed as very important the territorial context
in which the company operates, as in Barcelos
region, all companies had exports as their goal, it did
not matter how small they were.

Miguel Pedrosa Rodrigues, second-generation com-
pany manager, and a trained architect reinforce this
last competitive factor and consider that to operate in
a ‘cluster’ brings the company a significant competi-
tive advantage. The proximity among the agents in
the sector allows them to know the professionals and
companies that compose it, along with their agility,
competencies, and production quality. The central
value within this cluster is to add more value to cus-
tomers and satisfy orders with the minimum organi-
sational dimension possible. The cluster became an
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excellent hub of knowledge and credibility when
investing in long-term strategies requiring solid rela-
tionships with workers, suppliers and customers.
Miguel Pedrosa Rodrigues vision follows the compa-
ny’s founders market perception concerning the
values and principles that built and define the com-
pany’s culture: focus on the solution to the customer,
focus on the added value as a market differentiator,
relational stability with the company’s human capital
and all other stakeholders, including suppliers and
customers. He considers his vision is fully supported
by the fact that the company has an enormous
capacity for customer loyalty since after working two
collections with the company, they tend to keep it as
their supplier. This loyalty affects mainly high-end
clients, brands like Helmut Lang, Zegna or Diane von
Furstenberg, with whom the company may already
be negotiating only manual operations. In the pre-
sent, the company still works with a floating fringe of
other customers of the superior medium segment, to
obtain production scale, and customer requirements
define the standard of quality. The mixture between
superior medium and high-end clients is an asset, as
the variety generates resilience and requires the
company to implement and develop very robust pro-
cesses in order to keep flexible, and highly efficient.
The complex and sophisticated private label busi-
ness model developed Pedrosa & Rodrigues has
another critical competency, the endogenous exis-
tence of skills of design and fashion knowledge, cen-
tral to meet the demands of international customers.
This strategic orientation determined a specific
organisation that integrates the Design Department
in the Commercial Department, and the designers
are requested to work always assuming the clients’
perspectives and visions, as an extension of the
client’s Design Department. The Design Department
is also expected to contribute to bringing to the com-
pany new businesses. Pedrosa & Rodrigues man-
agement assumes that the company is a production,
industrial one, focused on the private label model.
This model, as developed by P&R, is an evolutionary
process that requires permanent investment and
organisational fully committed resources.

The present market challenges, the emergence of
new generations of consumers with diverse values
and purchasing behaviours, some even disruptive,
based on sustainability, ecology and social responsi-
bility, as well as new information and sales channels,
of a digital nature, has led the company to invest
in market knowledge and consumer behaviour. The
investment in social networks, especially on
Instagram, and industry 4.0, with a logic of collecting
and processing permanent information about the
product and the customer, is crucial to maintain con-
tinuous improvement and a superior degree of excel-
lence in the provision of service to the clients. The
private label model suits to a new client that is not
interested in technical issues, equipment or the pro-
duction process, as was the case with previous gen-
erations. Today, the focus is on the profit margins the
client can get from the order he places, considering
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that the supply chain is reliable and the quality is
achieved, at the right time and the right price.

The price kept its central importance in the value
chain. However, it cannot be critical to the business
model that was developed by P&R. The company
faces the challenge of increase the number of cus-
tomers who do not consider prices critical. Those tar-
geted clients value above all the service package and
other variables such as high-value finishing. Because
of this strategy, the prices went up systematically
since 2011, but the sales kept growing until 2017 at a
double-digit pace, reaching almost 16 million Euros.
In 2018, turnover fell slightly, due to “Brexit” and
Turkish competition, with the aggressive currency
devaluation and the country’s political stabilisation.
The present and future challenges are to invest in
continuous organisational, product development, and
manufacture improvement. The goal is to keep being
better, more efficient, to do more with less, to elimi-
nate waste and increase efficiency, in a continuous
process. It is the strategy to maintain competitively
over time. Other challenges for the future are the
automation of clothing making, and the consolidation
of industry 4.0 technologies and processes, in which
they already operate. It is also expected that the
industry will have growing difficulty in finding avail-
able workers and it will be necessary to socially value
the work of the seamstress, situated between handi-
crafts, fundamental in luxury and high-end products.
The company also expects that to keep competitive
will have to relocate orders, especially those from
clients more sensitive to price. This way it will be pos-
sible to offer clients a mix of service and price that
holds them holistically, keeping the decision centre in
the company, as well as the benefit generated.

The managers outlined another angle of their vision:
the company is an industrial studio, dedicated to the
medium, high and very high segments, which
requires flexibility and very short lead-time. The cus-
tomers already classify the Portuguese knitwear and
textile industries as the “fastest lead time supplier”.
P&R also works with small quantities, and customi-
sation, which requires a great capacity for process
management, including what today is called the
industrialisation of customisation. However, this full
range of service is available only for the high-end
customer, who values it.

The future development of the private label model at
P&R unfolds in a vision of organic growth, stability
and sustainability. The company’s managers defined
a strategy that maintains the organisation as a family
business, small and highly sophisticated, agile, flexi-
ble and specialised. They intend to gain scale
through cooperation with other Portuguese compa-
nies in the cluster and keep the strategic focus on
profitability overgrowth. The company’s performance
from 2007 to 2018 (tables 1) prove the efficiency of
the private label model at P&R, on virtually all perfor-
mance indicators, from sales volumes to workforce,
net results and cost reduction by net results.
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Table 1

“PEDROSA & RODRIGUES”/MAIN INDICATORS

Indicators 2007 2008 2009 2010 2011 2012 2014 2016 | 2018
Turnover (1000 euros) 7378 | 7.714 | 6.312 | 8.153 | 8.452 | 6.385 | 9.483 | 14.114 | 13.022
Direct Jobs 89 88 82 83 93 77 79 99 109
Exports 7.230 | 7.508 | 6.276 | 8.137 | 8.353 | 6.296 | 9.173 | 13.605 | 12.945
% on exports 98 97 99 99 99 99 97 96 99
Eat — earnings after taxes 157 | 129 111 266 | 381 103 | 823 | 1311 | TBC
(1000 euros)
Ebita over sellings (%) 7 6 7 8 9 6 13 13 11
Medium price/1 piece (euros) 7.38 7.72 8.4 9.66 11.24 11.01 10.43 13.5 13.62
Investment fbcf (1000 euros) N.A. 491 443 356 48 8 292 544 TBC
InvesFmer)t_ on design and ) ) ) ) ) ) 40 33 62
sustainability

Note: TBC — to be confirmed, as final numbers are not yet concluded for 2018; N.A. — not available.

CONCLUSIONS

The Portuguese Textile and Clothing Industry has

undergone a profound paradigm shift in the last twen-

ty years. Due to a set of global competitive shocks,
the entire sector went through a continuous restruc-
turing path. It reinvented itself by adopting new criti-

cal competitiveness factors, achieving, this way, a

degree of success that is internationally recognised,

to the point that the Portuguese textile and clothing
sector is considered a “case study” on a global scale,
which many want to emulate as a model.

This paradigm shift can be summed up in three fun-

damental considerations:

« the sector was no longer able to compete for price
(aggressive Asian competition based on the low
cost of labour) and started to compete for value
(which differentiates companies and their products
by design, technological innovation and service
intensity, which today characterise the sophisticat-
ed private label models, which offer the market a
“full package service”);

« the sector is no longer a passive order taker but an
active seller of solutions, oriented to the interests of
the client, in which the “full package service”, which
characterises the Portuguese private label model is
a crucial element in the business model;

« finally, the sector ceased to present itself as an
erratic and straying sum of individual companies’
initiatives, more or less voluntary, to have a collec-
tive strategy, capable of bringing together the dif-
ferent actors, including the scientific and techno-
logical system, the associations and the State itself
(public policies and community funds), in order to
better allocate scarce resources to perfectly
defined and quantifiable goals.

Pedrosa & Rodrigues, a small/medium size company

in the circular knitwear subsector, specialised in

women’s clothing in the medium, high and premium
ranges, located in Gilmonde, Barcelos, is one of the
best examples we can find in this domain.
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In a constant process of continuous and sustainable
incremental improvement, P&R built its private label
business model that is, working for third-party brands
always refusing to implement a brand strategy.

The private label model works the development of a
“full-service package”, which includes the offer of
design services, creation and development of collec-
tions, materials and processes innovation, among
other values to the client.

The focus on efficiency, adequate quality and cus-
tomer service, which has become a real obsession,
shared by all the company’s professionals, positively
differentiates Pedrosa & Rodrigues from its competi-
tion. Completely integrated into the new private label
business model of the Portuguese knitwear industry,
P&R can assert itself as one of this model best per-
former, contributing permanently to improve it.

The role of the Design Department, in this specific
private label model developed by Pedrosa &
Rodrigues, should be highlighted as it works under
the supervision of the Commercial Department, per-
manently focused on interpreting the needs of the
buyers. The design assumes, in this context, the
organisational goal of understanding the client needs
and requirements and deliver him this knowledge in
the form of fashion or clothing items and collections.
The service package of the model considers a logic
of design oriented to business, in which creativity can
have broadband, from the consolidation of the client’s
superior specifications to the freedom of innovative
and disruptive proposals. The communication meth-
ods and tools that the company developed maximise
production efficiency and promote a better interaction
with its customers, and the market in general, without
which it would not be possible to know and meet their
needs and offer efficient service.

P&R business model analysis brings an example for
other companies in the sector as well as for other
sectors of activity specialised in B2B businesses. The
present competition pressure places the competitive
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advantages in the domain of value generation sup-
ported by knowledge centres internal to the organi-
sation that allow differentiating the offer by creating
value for the customer, significantly reducing the
weight of the competition on price.
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ABSTRACT - REZUMAT

Modelling factors of influence on business process management in the organizations of the clothing industry

Business process management (BPM) in organizations of the clothing industry can be considered as a practice of
importance for establishing a stable and progressive business. In contemporary business, which considers the
application of best business practices within production-business systems, effective process management becomes
important and emerges as a practice that contributes to the overall improvement of the organization’s operations. BPM
focuses on improving both internal and inter-organizational operations that take place between organizations within the
supply chain of clothing industry. The effective BPM in the organizations of the clothing industry may depend on the
establishment of the various elements. The assumption is that influential elements are specifics of the garment industry
such as the primary BPM activities, the different dimensions of BPM which are consistent with a comprehensive view of
this approach, as well as the mere involvement of human resources in the business processes of the organizations. The
defined influential elements are treated as variables of the structural model, created by the implementation of the IBM
SPSS AMOS structural modelling program, exploring a number of hypothesized impacts. The results of this research
help to understanding the impact of these elements on the strengthening BPM practice in the clothing industry
organizations.

Keywords: business process management (BPM), clothing industry, BPM dimensions, process management activities,
human resources in clothing industry processes

Modelarea factorilor de influenta asupra managementului proceselor de afaceri in organizatiile
din industria de imbracaminte

Managementul proceselor de afaceri (BPM) in organizatiile din industria de imbracaminte poate fi considerat o practica
importantd, pentru stabilirea unei afaceri stabile si in evolutie. In mediul de afaceri contemporan, care are in vedere
aplicarea celor mai bune practici de afaceri in cadrul sistemelor de productie-afaceri, gestionarea eficienta a proceselor
devine importanta si apare ca o modalitate de imbunététire generala a operatiunilor organizatiei. BPM se concentreaza
atat pe imbunatéatirea operatiunilor interne, cat si a celor inter-organizationale, care au loc intre organizatiile din lantul
de aprovizionare al industriei de imbracaminte. Un BPM eficient in organizatiile din industria de imbrdcaminte poate
depinde de stabilirea diferitelor elemente. Presupunerea este ca elementele influente sunt specificul industriei de
imbracdminte, cum ar fi activitatile primare BPM, diferitele dimensiuni ale BPM care sunt in concordanta cu o viziune
cuprinzdtoare a acestei abordari, precum si simpla implicare a resurselor umane in procesele de afaceri ale
organizatiilor. Elementele influente definite sunt tratate ca variabile ale modelului structural, create prin implementarea
programului de modelare structurala IBM SPSS AMOS, explorédnd o serie de modele de impact ipotetice. Rezultatele
acestei cercetéari ajuta la intelegerea impactului acestor elemente asupra consolidérii practicii BPM in organizatiile din
industria de imbracaminte.

Cuvinte-cheie: managementul proceselor de afaceri (BPM), industria de imbracaminte, dimensiunile BPM, activitati de
gestionare a proceselor, resurse umane in procesele din industria de imbracaminte

INTRODUCTION

Under the influence of contemporary business condi-
tions organizations of the clothing industry have the
task to harmonize their business with the new market
demands and to find the best business practice

of work within the manufacturing processes of the
clothing industry [3], the predominant presence of the
female workforce in the workforce structure of the
clothing industry [4], and predominant participation of
micro, small and medium-sized enterprises [5] in the

which will provide their success. Each industrial
branch is characterized by specific working condi-
tions [1]. As Mares [2] states, each industrial branch
is specific in its own way in accordance with the pro-
duction processes carried out within it.

Clothing industry is specific in terms of various
issues. This research takes into account the intensity
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structure of companies engaged in the production of
apparel. These characteristics reflect to the business
processes within clothing and textile industry organi-
zations, and the quality of the functioning of business
processes can contribute to competitive advantage
strengthening, in contemporary business conditions
[6, 7.
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Business processes represent the base of every
business, and, accordingly, the formation of best
business practices based on business process man-
agement (BPM) is justified [8]. Fleaca and Purcarea
[9] state that any organization within the textile and
apparel industry has three basic business process
groups, namely: (1) the manufacturing process
group, (2) the new garment product development
process group, and, (3) the marketing process group.
In accordance with these processes, it is necessary
to determine the activities within the different process
dimensions that, based on the nature of the process,
are primary to achieve the improvement and devel-
opment of the business of the clothing industry orga-
nizations. It has been known for a long time that
human resources play a central role in the imple-
mentation and supervision of the functioning of busi-
ness processes [10].

Consequently, this research focuses on the specific
aspects of the clothing industry, the dimensions of
BPM, and the primary activities of BPM in accor-
dance with the specific characteristics of the clothing
industry. The study also investigates the role of
human resources as an element that significantly
influence the success of BPM, and, finally, the cre-
ation of promising business practices for clothing
industry organizations based on BPM.

The main objective of this paper is to examine the
impact of factors that potentially might influence the
adoption of best business practices within the cloth-
ing industry organizations through BPM. The first,
theoretical part of the paper, accordingly, highlights
and reviews aforementioned aspects in more
detailed way. In the remaining, second part of the
paper, the modelling approach of the assumed
impacts is described and explained on the basis of
gathered data.

FACTORS OF INFLUENCE ON THE BPM IN
THE CLOTHING INDUSTRY

Clothing and textile industry represent resource-
intensive as much as labour-intensive industry
branches in which many production tasks, based on
human work, are difficult to replace by automatic pro-
duction [11, 12]. Taking the tailoring process as an
example, one can see the need for the presence of
human resources possessing specific knowledge
and skills. Although a large number of solutions
based on the application of Computerized Numerical
Control (CNC) textile cutting technology have been
developed, the cutting process is carried out manual-
ly in a large number of enterprises, especially micro
and small ones [13, 14]. Although it is possible to cre-
ate cut-outs using computers, in practice, manual
work is still present in the tasks of creating, con-
structing, modelling, grading and fitting cut-outs [15,
16]. Dimitrijevic et al. [17] state that small and medi-
um-sized enterprises (SMEs) must respond to con-
temporary challenges by modernizing production
processes and achieving competitiveness, with
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labour expertise being considered as one of the influ-
ential factors. The female workforce has a significant
share in the workforce structure of the clothing indus-
try, which is cited as a characteristic of labour-inten-
sive activities [18, 19]. These specific features
appear as a starting point of a potential influence on
BPM.

The processes represent a series of interconnected
activities with clearly defined inputs and outputs [20].
A series of interconnected, structured tasks enables
the creation of specific products or services and
describes how organizations conduct their business
[21, 22]. Their flexibility depends on human resources,
decisions made and the level of expertise [23]. Within
labour-intensive industries, such as the clothing
industry, the role of human resources in the realiza-
tion of business processes is particularly prominent.
Sustainable business processes are performed by
people, who, in turn, tend to find out a balance
between learning from the past, experimenting and
adapting to the future [24]. Process efficiency is,
among other things, reflected in the adaptation of
process skills, roles and activities [25]. Therefore, the
next factor whose impact needs to be explored is the
importance of human resources in managing the
business processes of the garment industry.

Within the spectrum of different levels of managerial
decision making, business process design is the pri-
mary step of managing business processes and has
traditionally been considered a strategic issue [26].
Organizations within the textile and clothing indus-
tries need to be aware of the need to perform well-
defined processes [27]. BPM contributes to improv-
ing organizational efficiency through standardization
of activities and processes [28]. In today’s business
environment, all organizations try to achieve busi-
ness efficiency and effectiveness that will allow them
to be more innovative, flexible and successful, how-
ever, each organization, in accordance with the
industry in which it operates, is specific in its own
way, and one universal way of managing business
processes will not contribute to the achievement of
this aspiration of organizations [29, 30]. Accordingly,
it is necessary to carry out a set of specific activities
that will ensure the application of best business prac-
tice in BPM, and determining the primary BPM activ-
ities is another potentially influential factor.

BPM is established through dimensions such as
human resource management, development of pro-
cess-based information systems, focus on con-
sumers and competitors, process structures, perfor-
mance measurement and improvement of business
processes, processes in supplier relations, process
organizational culture, alignment of process and
strategic goals and process identification, documen-
tation, and standardization. These dimensions are
the result of a holistic view of BPM issues [31], and,
reasonably, they are considered as the fourth factor
whose impact should be examined within the
research part of the paper.
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RESEARCH METHODOLOGY

Factors of potential influence on the BPM in the cloth-
ing industry, defined in the theoretical part of the
work, are modelled in the research part of the work
for the purpose of assessing their real impact, based
on the responses of 508 respondents working in dif-
ferent organizations of the clothing industry.
Respondents’ answers were collected with the help
of a questionnaire, that was created and relied on the
literature sources [22, 32—-36], with some modifica-
tions. Respondents rated the claims on a 5-point
Likert scale, with 1 indicating absolute disagreement
with the claim presented, and 5 indicating absolute
agreement of employees. The data collected in this
way were coded and a database was formed within
the software package for statistical processing of
data SPSS 20. Table 1 shows the indicators used to
test the hypothesized impacts within the model for
assessing the impact of defined elements on BPM in
clothing industry organizations.

The first step in the research part of the study is to
identify basic characteristics of the sample by apply-
ing descriptive statistics analysis. The next step
involves conducting a test of reliability of indicators
within the variables included in the model. The relia-
bility test is performed based on the Cronbach’s
Alpha coefficient calculation. Descriptive statistics
analysis and Cronbach’s Alpha coefficient calculation
are performed within the SPSS program. Finally,
structural modelling of assumed factors is performed
using IBM SPSS AMOS package v23, which makes
it possible to test the effects of defined components
and draw conclusions about the functioning of BPM
practices within the clothing industry based on the
responses of employees of such organizations.

Defining potential impacts and research
hypotheses

The assumption in this research is that the specific
aspects of the clothing industry affect the different
dimensions of BPM, and that these aspects influence
through the BPM dimensions the quality of BPM.
Specific features can also influence the application of
primary BPM activities in the clothing industry organi-
zations and human resources in the clothing industry
BPM. The following hypotheses are formed: Specific
aspects of clothing industry influence different BPM
dimensions (H1); Specific aspects of clothing indus-
try have a significant impact on establishment of
effective BPM over the impact of the BPM dimen-
sions (H2); Specific aspects of clothing industry stim-
ulate the application of primary BPM activities in
clothing industry (H3); and, Specific aspects of cloth-
ing industry achieve the influence on reactions and
perceptions of human resources about BPM in cloth-
ing industry (H4).

In many similar studies, relating the subject of this
research, there is a claim that BPM activities shape
the quality, flexibility and efficiency of BPM initiatives
[37]. The assumption is also that the primary activi-
ties of the clothing industry BPM can influence the
perceptions and behaviors of humans performing
certain process roles within the clothing industry pro-
cess, the establishment of dimensions of BPM, and
the quality of the BPM system itself. Therefore, the
following additional hypotheses are formulated:
Primary BPM activities of the clothing industry influ-
ence perceptions and behaviors of employees about
BPM of clothing industry (H5); Primary BPM activities
of the clothing industry influence the establishment of
BPM dimensions (H6); and, Primary BPM activities of
the clothing industry stimulate the establishment of
effective BPM (H7).

Finally, an understanding of the processes and over-
all human resource management system can have a

Table 1
CODES OF FACTORS AND INDICATORS IN THE MODEL
Influential factor Factor Indicators Indicator
code code
o - Labour-intensive character S1
Clothing industry specific S Mostly female workforce S2
aspects
Dominant participation of micro and SMEs S3
Assessment of compliance of all dimensions with BPM D1
BPM dimensions D | Business process performance indicators are familiar to everyone D2
within the organization
HR in the BPM of the HR Employees can be counted on to achieve business process goals HR1
clothing industry Employees understand what elements of the process add value HR2
Primary BPM activities in A Active involvement of top management in BPM A1l
the clothing industry Definition and documentation of process roles and responsibilities A2
Standardization of business process description methodology — an
. ) . . ; BPM1
Effective BPM in clothing BPM element of internal establishment of BPM
industry Changes in business processes are communicated to supply chain BPM2
actors — an element of external establishment of BPM
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Fig. 1. Conceptual model of the research

significant impact on the effective management of
business processes in the clothing industry. Human
resources play a significant role in improving organi-
zational processes because of their engagement
within the process [38, 39]. That is why is created the
last hypothesis: Perceptions and behaviour of human
resources connected to issue of BPM significantly
influence the establishment of effective BPM (H8).
On the basis of assumed relationships among
described factors above, the conceptual model, pre-
sented in figure 1, is developed.

RESULTS AND DISCUSSION

Results of descriptive statistics offer a clear insight in
the sample profile. The survey included a total of 508
employees in the clothing industry organizations, of
which 245 (48.2%) were employed in micro, small
and medium-sized organizations, while 263 (51.8%)
were employed in large organizations. Production
workers make up 69.9% of the sample. In regard to
the age structure of employees, 14.8% are young,
70.1% are middle-aged and 15.2% are older employ-
ees. The survey covered 74.4% of female employ-
ees, while only 25.6% of male employees participat-
ed in the survey.

Results obtained on the basis of prepared question-
naire, before structural modelling and hypothesis
testing, were firstly analysed and their reliability was
evaluated. Cronbach’s Alpha coefficient is useful in
estimating the internal consistency of the reliability of
a questionnaire containing a larger number of items
[40]. Values of Cronbach’s Alpha coefficients exceed-
ing 0.7 are considered desirable and acceptable val-
ues [41]. The value of Cronbach’s Alpha coefficient
obtained in this study is given in table 2.

On the basis of the calculated value of Cronbach’s
Alpha coefficient (0.824) for the whole questionnaire,
it is obviously that it may be used as a reliable instru-

Table 2
DATA RELIABILITY
Cronbach’s | Cronbach’s Alpha Based Number
Alpha on Standardized Items of items
0.824 0.824 11
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bility test, the mod-
elling of the defined

problem is conducted using IBM SPSS AMOS pro-
gram.

Structural Equation Modelling (SEM) provides
answers on the relationships and impacts among the
variables considered [42]. One of the basic steps of
SEM is to evaluate the model based on quantitative
indicators for assessing goodness of fit [43]. The rec-
ommended fit values of the model highlighted in [44]
are presented in table 3, in addition to the fit values
of the model calculated in this research.

ﬂl

Table 3
SUGGESTED AND CALCULATED MODEL FIT
PARAMETERS
Indicators of model Suggested Values from
fit values model output
X2/df <3.00 1.694
Root mean square
error of approximation <0.08 0.037
(RMSEA)
Root mean square
residual (RMR) <0.05 0.018
Goodness of fit index
>
(GFI) >0.9 0.978
Adjusted goodness of
fit (AGFI) =0.9 0.960
Normed fit index (NFI) 20.9 0.966
Comparative fit index
(CFI) =0.9 0.986

It can be noticed from the values presented in table 3
that all the parameters, read from the output after the
model evaluation, were in accordance with the rec-
ommended fit values. Since all parameters were sat-
isfied, the structural model with standardized esti-
mates was developed, and, it is presented in figure 2.
From the derived model, presented in figure 2, it is
possible to read the R? value for the considered vari-
able effective BPM in the clothing industry organiza-
tions, which is coded by the code BPM in the model.
This value is 0.96 and, consequently, it means that
the chosen predictor factors explain 96% of the vari-
ance of the considered endogenous variable. Table 4
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Fig. 2. Model of influences on efficient BPM in clothing industry organizations

presents the values that more closely explain the
nature of the defined relationships and, they also
show that impacts of the considered factors exist.

There are, according the results presented in table 4,
significant influence between all the modelled ele-
ments, except one. Therefore, seven assumed possi-
ble impacts are statistically significant, and, among
them six factors have a positive direction while one
has a negative one. This observation stems from the
insight into the values expressed in column C.R,,
and, in the value expressed in column P, where it is
assumed that the value of C.R. is significant if greater
than or equal to 1.96 at p < 0.05 [45]. Therefore, it is

noticeable that the implementation of activities that
would be called primary doesn’t have a direct impact
on the BPM because the value is the value of C.R.
less than the adopted limit value and p value greater
than 0.05. Based on these values, hypothesis H7 is
rejected. Among other influences, which are con-
firmed by the model, the strongest is in the relation
between the primary activities of UPP and human
resources within the clothing industry business pro-
cesses with a standardized estimate value (b) of
0.940 and a significance of ***, or less than 0.001.
The effect of active involvement of top management
and the definition and documentation of process

Table 4
MODEL ESTIMATIONS
Hypothesized path Estimate Stand_ardlsed C.R. P Note
estimate

H1 (S-D) —0.245 -0.263 -3.834 *** (<0.001) Sig.
H2 (D-BPM) 0.327 0.014 Sig.
*indirect (S-D-BPM) 0.358 0.406 2.453 0.001 Sig.
H3 (S-A) 0.355 0.348 5.373 ***(<0.001) Sig.
H4 (S-HR) 0.183 0.176 3.189 0.001 Sig.
H5 (A-HR) 0.958 0.940 13.021 ***(<0.001) Sig.
H6 (A-D) 0.785 0.857 11.370 ***(<0.001) Sig.
H7 (A-BPM) -0.216 -0.216 -0.462 0.644 Not sig.
H8 (HR-BPM) 0.916 0.934 2.347 0.019 Sig.
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roles, which were taken as priority activities, is not
direct in relation to the effectiveness of BPM, but as
the next strong influence is the link between the
human resources element and the effective BPM,
with = 0.934 and p = 0.019, it is possible to con-
sider the indirect effect of this element. A third effect
on strength, based on the value of § = 0.857 and
p < 0.001, was observed in the path between the pri-
mary activity variables and the BPM dimension, with
the assessment of the use of activities that would
emerge as primary, such as those highlighted in this
research, contributes to the better establishment of
different dimensions that ultimately contribute to a
more effective BPM. The contribution of the BPM
dimensions to the effective BPM is moderate and
positive (§ = 0.857, p = 0.014), and the hypothesis H2
is accepted on the basis that the measured indirect
effect of the specific aspects of the clothing industry
on the effective BPM which, through the BPM dimen-
sions, is moderate and positive with the realized sig-
nificance p = 0.001. The influence of specificity, as a
starting element of research, has also been demon-
strated in the model. Relative to the BPM dimen-
sions, this impact is negative and weak (§ = -0.263,
p < 0.001), relative to the primary activities positive
and moderate (§ = 0.348, p < 0.001) and positive and
weak relative to human resources in the BPM cloth-
ing industry organizations (f = 0.176, p = 0.001).
Thus, among the variables that mostly helps to
explain the dependent variable — effective BPM — in
the clothing industry organizations, two variables
stand out: the BPM dimensions and the human
resources.

CONCLUSION

The effect of the specific aspects of the clothing
industry, the primary BPM activities, BPM dimensions
and human resources within the BPM system to the
effective BPM, as well as mutual influences of the
chosen factors, are investigated by structural mod-
elling. The applied approach allowed us to describe
direct as well as indirect effects. It is noticed that the
strongest impact on effective BPM, based on the
results generated by the model, might be attributed to
the HR factor. Thus, perceptions and behaviours of
employees significantly influence the establishment
of an effective BPM in clothing industry organiza-
tions. Although indirect, the effect of the specific
aspects of the clothing industry on the establishment
of BPM is also recognized in the model. Primary
activities represent the only factor, of the variables
examined by the research, that doesn’t directly affect
the establishment of an effective BPM.

The recognized impacts within the model are derived
as the outcome of evaluation made by 508 employ-
ees in clothing industry organizations. Yet, a more
comprehensive research is inevitable. Further
research, for instance, could address in-depth exam-
ination of influential factors, the potential of indirect
impacts and impact of indicators of each factor, and
generating measures to strengthen BPM in clothing
industry organizations.
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ABSTRACT - REZUMAT

Impact properties of continuously textile reinforced double fabric layered riot-police-helmet-shells

The manuscript is a section of research completed for the overall impact performance of riot-police-helmet-shells having
continuously textile reinforcement. In this research paper, manufacturing of double fabric layered helmet and its impact
analysis has been discussed. Moreover, energy contained and blocking forces at various zones at the police-head
protector shells were assessed. Results are also compared with the previous work for the impact evaluation of single
piece riot-police-helmet-shell. The comparative results show significant difference in values in comparison with single
layered riot-police-helmet-shell. These results can lead to the development of Riot-police-helmet-shells that can resist
high velocity impact.

Keywords: impact, force blocking effectiveness, energy absorption, textile reinforcement, continuous, helmet

Proprietatile de impact ale castilor politistilor de la ordinea publica fabricate din tesatura intarita continua,
dublu stratificata

Lucrarea este o cercetare finalizatd asupra performantei generale de impact a céstilor politistilor de la ordinea publicd,
care sunt fabricate din tesaturd intdrita continud. In aceasta lucrare de cercetare, s-a discutat despre fabricarea castii
cu strat dublu de tesaturd si analiza impactului acesteia. Mai mult, a fost evaluaté energia continuté si fortele de blocare
in diferite zone ale castilor de protectie. De asemenea, rezultatele sunt comparate cu lucrérile anterioare pentru
evaluarea impactului céstilor de protectie cu un singur strat. Rezultatele arata o diferentd semnificativa de valori in
comparatie cu casca cu un singur strat. Aceste rezultate pot duce la dezvoltarea de cdasti pentru politistii de la ordinea

publica care pot rezista impactului la viteze mari.

Cuvinte-cheie: impact, eficientd de blocare a fortei, absorbtie de energie, armare textild, continuu, cascé

INTRODUCTION

The purposes of riot-police-helmets are to shield the
police officers from head damage. Harm to a per-
son’s head can cause indications, for example, cere-
brum injuries and skull misshaping [1]. Problems like
cerebra-concussion are the main reason due to the
inertial effects in which due to movement of the brain
and can lead to injury in brain tissues. These impacts
can prompt loss of human body capacities or physi-
cal issue of neural tissues and the casualty can have
unpleasant impacts. For police officers, brain protec-
tion has supreme importance due to vulnerable to
thrown objects.

Riot is a violent disturbance of the peace by a crowd.
Disturbances caused by disorganised rioters are nor-
mally destructive and continuously have created an
intense situation. The nature of riots varies all from
one place to another in the world. However, police
officers have to control the situation. Frequently,
while comforting depressed rioters, usually police
officers have physical contact with the rioters.

The police use different techniques and tactics to
control the crowd. These techniques for handling or

industria textila

ﬁl

calming down people may be also different for differ-
ent regions depending on culture, environment and
laws of that particular country or region. The dressing
of police officers includes limb protectors, face shield,
helmets and body armour. A huge number of mob
protective helmets are required for cops in the United
Kingdom. Each officer who is a member of riot squad
must have a helmet for head protection. Demand for
riot helmets is also increasing in other countries. Cost
effectiveness, wearer comfort, light weight and
impact protection are the basic requirements for hel-
met qualities.

HELMET SHELL MANUFACRTUIRNG

Current study was a phase onward for the manufac-
turing of continuous reinforced textile riot-police-hel-
met-shells. Angle interlock (Al) fabric (5-layer) was
prepared on conventional shuttle loom — “Arbon
100W” made by Adolf Saurer™. Para-aramid Kevlar
roving type 49 supplied by DuPont™ is used for warp
and weft yarns. Moreover, single-fabric layered (con-
tinuous reinforced) textile reinforced composite riot-
police-helmet-shells were successfully established
by modified vacuum bagging setup [2]. Additionally,
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mechanical and physical characteristics of the estab-
lished composite flat-panels from Al-fabric (5-layer)
has been examined [3]. In figure 1 [2], single-fabric
layered riot-police-helmet-shell can be seen. Riot-
police-helmet-shells were tested in University of
Manchester’s Instron Dynatup on modified drop
weight impact testing device [4]. Moreover, the main
aim of this paper is to compare the already devel-
oped single-fabric layered riot-helmet shells [5] with
newly developed double-layered riot helmet shells.

Fig. 1. Developed textile reinforced
riot-police-helmet-shell

Double-layered composite riot helmet shells have
been developed by conforming two fabric layers on a
collapsible mould, followed by vacuum assisted drap-
ing and resin infusion. This technique was similar to
the technique developed for manufacturing single-
piece riot helmet shells [2]. The only difference was
the draping of two layers of 5-8-28 angle-interlock
fabric on the mould before vacuum bagging for com-
posite manufacturing. Araldite LY5052 and Aradur
HY5052 was used as epoxy and hardener respec-
tively. To enhance the shell stiffness, helmet shells
were further cured in the drying oven at 100°C for
4 hours.

REQUIREMENT OF DATA HANDLING

Essentials of drop weight impact test

Drop weight instrument works on the energy conver-
sation principle. Impact velocity and dropweight head
impact energy when initially it drops onto the speci-
men can be evaluated from equations 1 and 2:

E=1§-m~v2 A1)
v=12gh 2)

At the point of impact onto the specimen, all the
potential energy is converted into kinetic energy in a
drop weight impact machine. Since, the motion of
impactor is free fall, friction is taken as zero. The ratio
of energy absorbed by the specimen to the impact
energy gives energy contained in the specimen.
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Force blocking effectiveness (Force Attenuation
Factor, FAF)

Transmitted force F, can be obtained from implanted
sensor in the headform installed in the modified
machine and impact force F; was obtained by the
load-cell installed on impactor assembly. Force-
blocking effectiveness or attenuation factor, f_,, and
can be determined from the equation 3:

Ft
fou = (1= 100 (3)

where F, is transmitted force thru the specimen, F —
force collected on the anvil without any specimen.
Several scientists used force attenuation [6-9]. A
higher number of FAF corresponds to less force
being transmitted through the sample, and a smaller
number of FAF indicates plentiful of the impact force
has been transferred through the sample (0% equals
all forces transferred and 100% equals no force
transferred).

Calculation for energy absorption

Contact force or load commonly known as impact
force is calculated from:

F,=m-a (4)

where a is acceleration of free fall impactor and m —
mass of impactor.

Load deflection curve gives the energy absorption
[9]. Absorbed energy is calculated from the zone
beneath the load-displacement chart as can be seen
in figure 2.

1 <n
E=XS,= 5 z,:o (Fi+ Fiu)Wisq — Vi) ()

where, F;is contact force applied on the sample, S, -
trapezoidal zone, E — absorbed energy and Y; — dis-
placement increment.
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Fig. 2. Energy absorption graph for trapezoidal method
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Fig. 3. Categories of developed riot-police-helmet-shells and zone for impact testing

EXPERIMENTAL RESULTS OF HELMET SHELL
TESTING

The developed riot-police-helmet-shells were impact-
ed at three different zones namely; helmet top, hel-
met side and helmet back with impact energies of
25.6 J approximately. Testing conditions were kept
similar to the flat composite panel testing. Two differ-
ent categories of composite riot-police-helmet-shell
were developed. One was the single-layer riot-police-
helmet-shell developed from a single-layer of 5-8-28
angle-interlock
woven fabric. The
second variety of
riot-police-helmet-
shell was developed
from two layered of
5-8-28 angle-inter-
lock woven fabric
and double-fabric
layered riot-police-
helmet-shell. This
variety was pro-
duced by overlap-
ping two 5-8-28 lay-
ered fabric in the
vacuum  assisted
draping technique.

Fig. 4. Testing of riot-police-
helmet-shell

Impact energy of 25.6 J was used to test helmets
shells and impact tests were conducted at three dif-
ferent zones. The riot-police-helmet-shell categories
along with the impact zones can be seen in figure 3.

ENERGY ABSORPTION

The testing of Riot-police-helmet-shells were carried
out on the modified Instron testing machine in the
University of Manchester. The riot-police-helmet-
shells were impacted with approx. 25.6 J of impact
energy at different impact zones. The Low
impedance voltage mode system and Impulse data
acquisition system were used to extract results. The
average results for energy absorption for various
experiments are listed in table 1.

Figure 5 and table 1 show the energy absorption per-
formance (average values) at different impact zones
on riot-police-helmet-shells in which greater energy
absorption performance at the upper helmet zone as
related to the side and back zones. However, in both
varieties of riot-police-helmet-shell, the side zone of
helmets absorbs lesser impact energy with respect
helmet top and helmet back zones. It should be
noted, the helmet top zone has the maximum curva-
ture intensity. It seems that curvature intensity is also
influencing in energy absorption at the riot-police-hel-
met-shell top (upper) zone. In general riot-police-hel-
met-shell is a dome-shape structure. Dome-shape

Table 1
EXPERIMENTAL DATA FOR ENERGY ABSORPTION RATIO
Impact Energy Energy absorption
Type of riot-police-helmet-shell Zone energy (J) absorbed (J) ratio (%)
K E E/K

Single-layer riot-police-helmet-shell Back 25.64 16.40 63.96
Double-fabric layered riot-police-helmet-shell Back 25.62 18.19 70.97
Single-layer riot-police-helmet-shell Side 25.64 15.77 61.49
Double-fabric layered riot-police-helmet-shell Side 25.63 16.04 62.57
Single-layer riot-police-helmet-shell Top 25.61 17.07 66.65
Double-fabric layered riot-police-helmet-shell Top 25.58 18.36 71.76
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Fig. 5. Graphs of energy absorption of riot-police-helmet-

shells at various zones on: a — single-fabric-layered riot-

police-helmet-shells for 25.6 J energy; b — double-fabric-
layered riot-police-helmet-shells for 25.6 J energy

structures are normally used in construction due to
their inherent characteristics of supporting both in
tensile as well as in compressive loads. The double-
fabric layered riot-police-helmet-shells more or less
behaves like the same as single-fabric layered riot-
police-helmet-shells.

This can also be noted that in both the varieties of
helmets (single and double fabric layered) shows, top
impact zone as the better one as related to the other
two back and side zone. One more reason for this
phenomenon can be due to the fact that the top area
is at the farthest position from the shell edges and
also it has more fabric area to dissipate the energy till
the edges.

Double-fabric layered riot-police-helmet-shells fol-
lows the same track of results as in single-fabric lay-
ered riot-police-helmet-shells i.e. helmet top impact
location is much better than the other two locations.

PEAK TRANSMITTED FORCE

In table 2 it can be observed that peak transmitted
force is proportionate to the energy impacted. Low
impedance voltage mode system was used for mea-
surement of peak transmitted force.

The above table shows that the top zone of riot-
police-helmet-shell transmits singinificantly less peak
force. For double-fabric layered helmets, the top of
riot-police-helmet-shell also transmits significantly
less force as compared to the other two zones. In
table 2, double-fabric layered helmets at a similar
impact energy of 25.6 Joules transmits less force to
the headform than the single-fabric layered riot-
police-helmet-shells. Moreover, the double riot-
police-helmet-shells have more material at the
impacted sites as compared to the single-layer riot-
police-helmet-shells. If these results are normalised
with respect to the thickness, the double-riot-police-
helmet-shells will show less force is transmitted com-
pared with the single-fabric layered hemet shells.

Force attenuated factor (FAF)

Force attenuation factor for various impact zones on
riot-police-helmet-shells can be analysed in table 2 in
which shows no substantial difference in the FAF at
the side zone and back zone of helmets. However,
force blocking effectiveness upper zone of riot-police-
helmet-shell is always greater than at the counter

Table 2
EXPERIMENTAL DATA FOR FAF AT VARIOUS RIOT-POLICE-HELMET-SHELL'S ZONES
. . Impact Force on headform Transmitted Attenuation

Type of riot-police-helmet-| ., ' energy without specimen force factor

shell s

E (J) Ftrans (kN) F (kN) fatt (%)

Single-layer riot-police-hel- | g 25.64 19.843 18.354 7.503
met-shell
Double-fabric layered riot- | g, 25.62 19.843 17.956 9.510
police-helmet-shell
Single-layer riot-police-hel- | - g 25.64 19.666 18.148 7.720
met-shell
Double-fabric layered riot- | g 25.63 19.666 17.915 8.905
police-helmet-shell
Single-layer riot-police-hel- | ¢, 25.61 20.381 18.028 11.544
met-shell
Double-fabric layered riot- Top 25.58 20.381 17.431 14.473
police-helmet-shell
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Fig. 6. Force attenuation factor at different zones on
riot-police-helmet-shells: a — single-fabric layered
riot-police-helmet-shells; b — double-fabric layered

riot-police-helmet-shells

parts as can be seen in figure 6. The reason behind
this phenomenon is the greater distance from the
riot-police-helmet-shell edges and also due to the
continuous fibre reinforcement. Further, the highest
curvature intensity of the helmet top impact zone
seems to have an influence on the force attenuation
factor and less force is transmitted in the high curva-
ture region of riot-police-helmet-shell.

The double-fabric layered riot-police-helmet-shell
also behaves in the same way as the single-fabric
layered riot-police-helmet-shells with a higher force
percentage attenuation factor due to the greater
amount of fabric in these riot-police-helmet-shells as
can be seen in figure 6. Moreover, double-fabric lay-
ered riot-police-helmet-shells show a greater force
attenuation factor as compared to the single-layer
riot-police-helmet-shells with similar 25.5 J impacts.

CONCLUSION

In this manuscript experimental result has been
described. Developed single and double fabric lay-
ered (continuously textile reinforced) riot-police-hel-
met-shells were impacted at various zones with
25.5 J energy; force blocking effectiveness at various
zones were calculated and analysed. Furthermore,
energy absorption and force blocking effectiveness of
double fabric layered riot helmet shell has been com-
pared for different impact locations.

Impact performance of the produced riot-police-hel-
met-shells has an influence on the impact zone.
Least vulnerable position among the three zones was
found out to be the helmet upper zone. This seems to
be due to the fact that continuously fibre reinforced
riot helmet shell's upper area is at the greater dis-
tance from the shell edges and has more chance to
distribute the impact force and impact energy to a
greater distance as compared to the side and back
impacted areas. Moreover, the upper helmet zone
needs higher impact energy to collapse and for this
purpose less force will be communicated to the brain.
It can be concluded that in double-fabric layered riot-
police-helmet-shells, top/upper position is also the
least threatening impact position as compared to the
side and back area of the helmet shells.
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Research on double-faced jacquard fabric with compound full-backed
structure of three wefts
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ABSTRACT - REZUMAT

Research on double-faced jacquard fabric with compound full-backed structure of three wefts

Weft-backed structures with compound weft colours can express the mixed colour effect. However, this structure is not
suitable for jacquard fabrics with a double-faced shading effect in the traditional single layer design mode. Taking
twenty-thread sateen with a step number (S) of 7 as an example, this paper investigates a design method for compound
full-backed structure with three shaded-weave databases (SWDs) by selecting the primary weaves (PWs), designing the
compound full-backed technical points and establishing the compound structure database with three SWDs. With this
design method, a double-faced shading effect in combination with non-backed and full-backed effects on different sides
of the jacquard fabric at the same position is generated. The fabric colour card was produced with three SWDs and three
sets of different coloured wefts, and their colour values were measured, followed by an analysis of the compound
structures on the reverse side, lightness, colour purity and colour difference (AE*,,) of the specimens. The results
showed that the three covering effects on the reverse side, partly covered, critical position and totally covered, could be
adjusted by controlling the step number and the transition direction of PW-C. For the specimens on the edges of the
fabric colour card, their lightness and colour purity values showed a uniform transition effect along with the shading
process; their colour differences ranged from 1.23 to 3.69, both in the range of 2—5, and showed a trace or slight colour
difference between two adjacent fabric specimens, indicating that the colour shading effect with the three SWDs is stable.

Keywords: weft-backed structure, compound full-backed structure, double-faced, shading effect, colour rendering law

Studiu privind tesatura jacquard cu doua fete cu structura compusa — semitripla de batatura

Structurile semiduble de bataturad, in combinatie cu bataturi colorate pot exprima efectul de amestec de culoare. Cu
foate acestea, aceasta structurd nu este adecvatd pentru tesaturile jacquard cu efect de umbrire cu fatd dubla,
proiectata traditional, cu un singur strat. Luédnd ca exemplu un raport de douédzeci de fire cu legaturd atlas cu un salt (S)
de 7, aceasta lucrare investigheaza o metoda de proiectare pentru structura compusa, semitripld de batatura cu trei
baze de date cu legaturi cu efect de umbrire (SWD), prin selectarea legaturilor de baza (PW), proiectand puncte tehnice
de legare completa a sistemelor de fire si stabilirea bazei de date a structurii compuse cu trei SWD-uri. Cu aceasta
metoda de proiectare, se genereaza un efect de umbrire cu doud fete in combinatie cu efecte de nelegare si legare
completa a sistemelor de fire, pe diferite parti ale tesaturii jacquard, in aceeasi pozitie. Grila de culori a tesaturii a fost
produsa cu trei SWD-uri si trei seturi de bétaturi diferit colorate, iar valorile tonurilor de culoare au fost médsurate, fiind
urmata de o analiza a structurilor compuse, pe partea din spate, luminozitate, puritatea culorii si diferenta de culoare
(/\E*ab) a probelor. Rezultatele au arétat cé cele trei efecte de acoperire pe partea din spate, partial acoperita, pozitie
criticd si total acoperita, ar putea fi ajustate prin controlul saltului si directia de trecere/legare a PW-C. Pentru probele
de pe marginile grilei de culoare ale tesaturii, valorile lor de luminozitate si puritate a culorii au aratat un efect de trecere
uniform, impreund cu procesul de umbrire; diferentele lor de culoare au variat intre 1,23-3,69, ambele in intervalul 2-5
si au ardtat o urma sau o usoara diferenta de culoare intre doua probe de feséturi adiacente, indicand faptul ca efectul
de umbrire a culorii cu cele trei SWD-uri este stabil.

Cuvinte-cheie: structurd semidubla de batatura, structurd compuséa cu legare completa a sistemelor de fire, doua fete,
efect de umbrire, lege de redare a culorilor

INTRODUCTION

Double-faced jacquard fabric is a special woven fab-
ric that can express the patterning and colour effects
on both the face and reverse sides of the fabric.
Among the structures woven by warp and weft yarns,
five types of structures can form a double-faced
effect [1-3], which are single-layer structure woven
by one set of warps and one set of wefts, weft-backed
structure woven by one set of warps and two or more
sets of wefts, warp-backed structure woven by one
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set of wefts and two or more sets of warps, double-
layer structure woven by two sets of warps and wefts,
and multi-layer structure woven by multiple sets of
warps and wefts, respectively.

Weft-backed jacquard fabric, a typical product of the
Chinese traditional woven fabric industry, has an
exquisite patterning woven effect with the weft-
backed structure that is composed of one set of
warps and two or more sets of colour wefts [4]. The
main feature of the weft-backed structure is that the
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weft yarns are arranged in
an overlapping manner in
the compound structure
combined by several single
weaves; thus, the patterning
and colour effects are tex-
tured by one or several sets e
of wefts, and the remaining
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wetft colours in the same shead

compound weft colour

thus, the more the weft
groups, the richer the woven
pattern effect [5], but corre-
spondingly, the more difficult
the design process. Moreover, this structure has only
one set of warps, and it is necessary to consider both
sides when designing fabrics with a double-faced
effect. Therefore, weft-backed jacquard fabric mostly
has a single-faced effect, which leads to the under-
utilization of the colour information of the woven
yarns [6]. The shaded-weave structure has been
used as an optimum solution for structural barriers to
colour expression [7], which can achieve a double-
faced shading effect. By increasing or decreasing the
interlacing points by a certain rule, a series of waves
shading from weft face weave to warp face weave or
from warp face weave to weft face weave, are gath-
ered in a shaded weave database (SWD) [8, 9]. By
combining several SWDs, a compound structure is
created with high reliability to realize a smooth colour
shading effect.

In general, the patterning effect of weft-backed fabric

is formed by long weft floats. To make the pattern

more visible against the ground, its ground weave is
normally woven by a plain weave or regular satin
weave with a coloured warp. The ground structure of
weft-backed fabric has three colour effects-single
weft colour, compound weft colours, and compound

weft colours in the same shed [4, 10, 11]:

* In a weft-backed structure with a single weft colour,
a weft with more weft floats serves as the fabric
surface, whereas the wefts with fewer weft floats
are totally covered and have no influence on the
colour effect of the surface wefts. Thus, the colour
information of only one group of wefts is shown on
the surface layer of the fabric (figure 1).

* In a weft-backed structure with compound weft
colours, two or more sets of coloured wefts are
interwoven with one set of warp yarns, forming the
fabric surface to cover the remaining wefts that are
backed on the reverse side. Thus, a mixed colour
effect with two or more coloured wefts is generated
on the surface layer (figure 1).

* In a weft-backed structure with compound weft
colours in the same shed, the surface weave is
woven by two or more wefts in the same shed; in
other words, the weaves of the compound structure
are precisely the same. Therefore, any weft yarns
may be visible on the surface layer (figure 1), and
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Fig. 1. Three weft-backed structures with three wefts
(the arrangement ratio is 1:1:1 in the weft direction)

a shot-effect can be expressed on the fabric sur-
face. However, the coverage degree of the woven
yarns and the colour effect are difficult to deter-

mine.
Among the three compound structures, the weft-

backed structure with compound weft colours has the
most abundant changes. When applying shaded
weaves on this structure with three wefts, a com-
pound shading effect with two different colour wefts
on one side and a single colour shading effect with
another weft on the other side can be realized on the
same position of the double-faced jacquard fabric;
at the same time, the structural features of the weft-
backed structure are retained. Thus, based on the
weft-backed structure with compound weft colours, a
novel compound structure with SWDs is proposed
with details for the compound structure design, colour
rending characteristics and coverage relationship of
the three wefts.

DESIGN OF A COMPOUND FULL-BACKED
STRUCTURE WITH THREE WEFTS

According to the compound structure design princi-
ple, interwoven yarns arranged in the same direction
have three relationships-full-backed, non-backed and
partial-backed [12, 13] (figure 2), referring to the
“backed” degree between the yarns in the same posi-
tion and the same side of a fabric:

* In a full-backed structure, the weft yarns overlap
each other and the surface wefts cover the inner
wefts totally. Full-backed technical points have to
be set up to ensure the effectiveness of single
colour shading effect with the full-backed structure
[14]. As for the full-backed structure with double-
faced shading effect, the surface weave and the
inner weave are changed at the same time along
with the colour shading process. Thus, it is not
need to design full-backed technical points.

 In the non-backed structure, all wefts are visible on
the surface layer, and all of them are served as the
fabric surface. There is no overlapping effect
between the juxtaposed wefts. In the colour shad-
ing design process, full-colour points are the key to
prevent the wefts from overlapping [12].
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opposite configuration to satisfy
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Fig. 2. Three “backed” structures

* In a partial-backed structure, the effects of full-
backed and non-backed exist simultaneously. Half-
backed structure produced on the basis of a partial-
backed structure is characterized in that half of the
wefts are covered by its adjacent wefts [15], and
half-backed points are designed to produce the
half-backed effect.

The structure based on the weft-backed structure
with compound weft colours, named a “compound
full-backed structure” is created by the combination
of three or more groups of SWDs that are derived
from the primary weaves (PWSs) in a way that increas-
es or decreases the interlacing points [13]. A basic
weave (BW) is a weave of a SWD. With this struc-
ture, two or more sets of different coloured wefts
shading on the surface layer can completely cover
the other weft yarns (a group or more groups). When
the covered weft yarns are shading on the reverse
side of the fabric at the same time, the compound full-
backed structure with a double-faced shading effect
will be created.

Design principle

The design idea of a compound full-backed structure
with three wefts is that the two sets of colour wefts
(their corresponding weaves are PW-A and PW-B)
are juxtaposed with each other and totally cover the
remaining set of wefts (the corresponding weave is
PW-C), meanwhile, the two juxtaposing wefts are
shading on one side and the remaining wefts are
shading on the other side (figure 3).Thus, there is a
“covering” relationship between the covered wefts

Weft A Weft B

| |

Surface layer

Inner layer

Fig. 3. Structural model of the three wefts
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the requirement of a no-covering
colour effect (figure 4); what is
more, some kinds of technical
compound full-backed points are necessary for the
PWs to prevent the overlapping of the juxtaposed
wefts. On the design process of the SWDs based on
the PWs, the process of increasing or decreasing the
interlacing points to control the float length, thereby
making the most use of the colour information of the

woven yarns.
it

11

i

|
B
"
11
i1
Compound full-backed
structure

||

111

Initial state

Fig. 4. Compound structure with three wefts (the
arrangement ratio is 1:1:1 in the weft direction)

Design method

Selection of PWs

PW-A, PW-B and PW-C are the three PWs of the

compound full-backed structure with three wefts. As

mentioned above in the design principle, the combi-
nation of PW-A and PW-B should cover PW-C in the
compound structure; therefore, the design method of

PW-C is moving the warp points of PW-A one weft

down along the weft direction, and then superimpose

the warp points on PW-B (figure 5). Clearly, the num-
ber of the warp points of PW-C is larger than that of

PW-A and PW-B.

The selection of the three PWs for the SWDs mainly

depends on three design methods:

» Separating the odd and even wefts of a regular
sateen weave. A regular sateen weave is an ideal
choice for a PW among the three elementary
weaves (plain weave, twill weave and satin weave)
because of its uniform distribution of interlacing
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Fig. 6. Displacement of the starting points of PWs

points and its large expansibility with a high weave
repeat (between 5 and 48) [16]. These advantages
of a sateen weave can optimize the colour effects
of the fabric surface because there are no apparent
slanting lines to disturb the colour mixing effects.

e Shifting the starting points of PWs. PW-B is
designed by the displacement of the starting point
of PW-A in a point-by-point way; therefore, PW-A
and PW-B have the same weave repeat and step
number but with different starting points. As shown
in figure 6, the same two sets of eight-thread
sateen with the starting point of (1,1) were
arranged with the combination method of 1-and-1
along the weft direction. One group remained
unchanged, and the other group was shifted to the
right point by point. This process generated eight
combination effects, in which the starting points of
(1,6) and (1, 7) (the compound structures in the red
frames) had an optimal uniform distribution of inter-
lacing points. With this method, the starting point of
PW-Awas (1, 1) and that of PW-B could be (1,6) or
(1,7).

» Using the formula to calculate the starting position
of PW-B. PW-A with the parameters of weave
repeat (R), starting point position (N;,) and step
number (S) is fixed; the starting point position of
PW-B (N,p) is calculated with equation 1 or 2 to
make the distance between the interlacing points
on any weft with its adjacent wefts as equal as pos-
sible. In figure 7, D1 and D2 are the distance of
three adjacent warp points, the closer D1 and D2
are, the more uniform the interlacing points are dis-
tributed. In this study, taking twenty-thread sateen
as the PW, the starting point of PW-A was (1,1),
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and that of PW-B was (1,4) with the formula
method; after this, PW-C was designed based on
PW-A and PW-B (figure 8).

R— Ny, —1 R+S
N1B=++N2A+1= +1 (S<RI2)
(1)
Nog—Nyp—2
Ny = 2= i +2=S;2(S>R/2) )

2

where Ny =1, Noy=N,,+S; N,, and N,g are the
starting positions of PW-A and PW-B, respectively;
N, , is the position of the second warp point of PW-B;
R is the number of weave repeats; and S is the step
number. The digit after the decimal point can be dis-
carded or rounded off if the fraction is not an integer
according to the length of D, and D,.

Design of the compound full-backed technical points
For the PWs, the compound full-backed point is the
key factor in the establishment of a compound full-
backed structure, as follows: the technical points of

T i
HEs EiREE,

| H:‘ 1 &-1[ :hll
o] g = = I
D1 D2 D2 D1 D1 D2 D2 D1

i
R
B

L1

oitas

=

i
._._H::H_‘
i

i

Eight-thread sateen (S=3) Eight-thread sateen (S=5)

ﬂl

Fig. 7. Starting points of PWs
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Fig. 8. PWs and compound full-backed technical points

PW-A are to reverse the interlacing points of PW-B;
similarly, that of PW-B are to reverse the interlacing
points of PW-A. J is the number of the compound full-
backed points of a weft, and J = 1 here.

Design of SWDs

An SWD contains information on the design process
of the derived weaves based on the PWs. In addition
to the PW, two other key design factors are the
increasing number at a time (coded as N) and the
transition direction of the interlacing points, which
separately determine the capacity and the structural
balance of an SWD. The capacity of an SWD is
maximal when N=1; thus, the variation between the
shaded weaves is minimal; when N=R, the capacity
of an SWD is minimal, and the variation between the
shaded weaves is maximal [16]. Because the pat-
terning and colour effects of the weft-backed

jacquard fabric are woven by weft floats, continuous
weft floats can make the woven effect more delicate;
thus, the horizontal transition, in which the interlacing
points are reinforced continuously in the weft direc-
tion [8], is adopted in this study to ensure the effec-
tiveness of a compound full-backed structure. After
the basic parameters are confined, three SWDs
based on the above three PWs (R=20) were
designed by increasing the warp interlacing points
(N=R) in the coloured area of figure 8. Meanwhile,
the compound full-backed points must be skipped in
the increasing process for PW-A and PW-B. Figure 9
is the minimal SWD that is named by the number of
warp points of the PWs.

To ensure the “backing” effect of the combination pro-
cess of the three SWDs, two demands should be
met: the arrangement ratio of the three weft yarns

11c 12¢c 13c 14c

Fig. 9. Three minimal SWDs
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should be 1:1:1, and the weft float length of PW-C
should be shorter than that of PW-A and PW-B (i.e.,
the warp points of PW-C are more than those of
PW-A and PW-B). Based on these foundations, the
database of the compound full-backed structure has
three combinations: i) one set of SWD is shading
from weft-faced weave to warp-faced weave while
the other two sets are kept unchanged; ii) two sets of
SWDs are shading and the rest set is kept
unchanged; iii) all three SWDs are changed simulta-
neously. The capacity of the compound full-backed
structure database will be as shown below:

L2n-M+NH)M-1)+ZX(h-M+1)]  (3)

where n is the number of BW-A or BW-B, n = 18 here;
M=1,23,...,n. So the capacity is 2109.

EXPERIMENTATION AND DISCUSSION

Weaving of fabric colour card

Taking the simultaneous shading effect of the three
wefts as an example, the initial position of the com-
pound full-backed structure database is 1a-1b-2c
(the combination of three BWs), and the correspond-
ing warp points are (1, 1, 2). According to the afore-
mentioned analysis, only the combination of 1a (BW
of SWD-A), 1b (BW of SWD-B) and 2c (BW of
SWD-C) is effective when the PW-B is unchanged,
and the colour level is 1. Similarly, the compound
structure has 2 colour levels (1a-1b-3c and
2a—2b-3c) when the number of warp points of PW-C
is 3 (3c). The remaining points can be determined in
the same manner. Equation 4 is the capacity of the
compound full-backed structure database with the
three SWDs that changed simultaneously.

1+2+3++(R-J-1) 4)

According to equation 4, the capacity of the three
SWDs that changed simultaneously is 171.
Meanwhile, its fabric colour card was produced and
the weaving specifications were listed in table 1. Red
and blue weft yarns were woven on the face side,
and yellow weft yarns were woven on the reverse
side. Figure 10 shows the expanded effect of the fab-
ric colour card; the lines with arrows are the shading
direction (dark to light) of the specimens.

Table 1
WEAVING SPECIFICATIONS
Parameters Warp Weft
Fineness (D) 50 70
Density (ends/cm) 114 105
red (weft A)
Colour white blue (weft B)
yellow (weft C)
Material 100% polyester | 100% polyester
Weave three SWDs of 20-thread sateen
Specimens size (cm) 3.5%x3.5
Specimens quantity 171x2 = 342
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Reverse side

Face side

Fig. 10. Fabric colour card with three SWDs

Analysis of the compound full-backed structure

The colour card has the following characteristics

through visual observation.

» Along the vertical direction, the surface waves in
the same column are the same, and the backing
weaves with one SWD (SWD-C) are transitioned
from the weft-faced weave to the warp-faced
weave with the colour shading from light to dark.

» Along the horizontal direction, the backing weaves
are the same in the same line, and the surface
waves with two SWDs (SWD-A and SWD-B) are
transitioned from the weft-faced weave to the warp-
faced weave with the colour shading from dark to
light.

» Along the diagonal direction with three SWDs
(SWD-A, SWD-B and SWD-C), the surface weaves
are transitioned from the weft-faced weave to the
warp-faced weave, and the backing weaves are
transitioned from the warp-faced weave to the weft-
faced weave; correspondingly, the colour of the
face side shading changes from dark to light and
that of the reverse side shading changes from light
to dark.

» The specimens on the reverse side of the colour
card are the interlacing of white warps not only with
yellow wefts but also with red and blue wefts,
exhibiting a complicated colour effect.

There are three covering effects between the three
coloured wefts on the reverse side, namely, partly
covered, critical position and totally covered (figure
11). In a partly covered effect, the yellow wefts cover
only part of the red and blue wefts simultaneously;
thus, the three coloured wefts are visible on the
reverse side at the same time. In the critical position,
the red and blue wefts begin to become visible on the
surface layer of the reverse side so that the yellow
wefts cannot cover the red and blue wefts simultane-
ously. In a totally covered effect, the yellow wefts
completely cover the red and blue wefts at the same
time and serve as the fabric surface of the reverse
side. Figure 12 shows the statistics of the coverage
degree on the reverse side of the colour card.

Viewed from the reverse side of the colour card, the

three abovementioned coverage effects are closely

related to the float length of the coloured weft yarns.

When the weft floats of two adjacent yellow wefts (Y,

and Y,) are not overlapped (figure 13), according to

2021. vol. 72. no. 3



M ! 2
o 'Q

L AP

Tt

Totally covered
effect

Aarsrhs
A
Critical position

Partly covered
effect

Fig. 11. Three coverage effects on the reverse side
of the colour card

the design principle of the weft-backed structure, the
yellow weft can separately cover either the adjacent
blue weft (B) or the red weft (R), but because the
arrangement ratio of the three wefts is 1:1:1 and the
specifications are the same, the yellow weft cannot
completely cover the blue and red wefts that are jux-
taposed in the compound structure at the same time.
Therefore, the yellow wefts can cover only parts of

the adjacent blue and red wefts at once. The critical
position is the transition position between the partly
covered effect and the totally covered effect. When
the weft floats of two adjacent yellow wefts have one
weft overlapping point, as shown in figure 13, Y, can
cross B, under the action of the beating force and
then cover R,, which can also be covered by Y, to
this end, the weft points of R, can be covered by Y,
and Y, at the same time. However, W, which is in
the warp bundles of W,~W,, (gathered together by
the weft floats of Y,) and W,,—W,4 (gathered togeth-
er by the wetft floats of Y,) at the same time, will be
pulled simultaneously into their respective warp bun-
dles under the action of the tension of the weft floats;
in this scenario, the red weft point on W, is not com-
pletely covered and is partially exposed. When the
overlapping weft points of two adjacent yellow wefts
are more than the weft points of the red wefts, a total-
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Fig. 13. The reverse side of the compound full-backed structures
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Table 2

OVERLAPPING ANALYSIS OF PW-C (PART OF THE COMPOUND STRUCTURE)
nusrtr(\el.!»)er ":jti?gcat?g;g Interlacing number m?:ft':er "&ti?;?t?g;g Interlacing number
3 T 3 18 | A EEmmAESNEESEEEEEEE
7 Ml | 7 14| e maBERREEE
9 . 10 | el 9 12 | e e nnnaaa
1 T o | e———
13 14 | EAEAEsssemR T | 13 i i
17 18 | HSSENSEEEEEEE=EET | 17 .

ly covered effect is generated. W,, is shifted to the
left side under the gathering effect of the weft floats
of Y, and the red weft point on R, can be covered by
both Y, and Y,. Based upon the interaction of all of
these factors, the red weft point can be totally cov-
ered (figure 13). The longer the overlapping length of
the yellow weft floats, the better the coverage effect.
Based on the above analysis, the location of the crit-
ical position determines the number of partly covered
effects and totally covered effects; which is in turn
determined by the increasing number of interlacing
points at the overlapping adjacent weft yarns of
PW-C. In the case in which the repeat weave and the
starting point of PW-C are fixed, the three effects can
be freely controlled by regulating the step number
and the transition direction of PW-C. For a 20-thread
sateen weave, six effective step numbers may occur
in the weft direction, namely, 3, 7, 9, 11, 13 and 17.
As shown in table 2, when the transition direction of
PW-C is right, to reach a totally covered effect, the
increasing number of interlacing points is 4, 8, 10, 12,
14 and 18; therefore, the larger the step number of
PW-C, the smaller the totally covered effect and the
greater the partly covered effect. When the transition
direction of PW-C is left, the increasing number of
interlacing points is 18, 14, 12, 10, 8 and 4; thus, the
larger the step number of PW-C, the greater the total-
ly covered effect and the less the partly covered
effect. In the process of fabric design, the step num-
ber and the transition direction of PW-C can be flexi-
bly selected according to the design effect, which in
turn affects the parameters of PW-A and PW-B.

Analysis of the colour rendering law

The specimens at the edge of the colour card (on the
lines of AB, BC, AC, AB’, B'C’ and AC’) were mea-
sured two times using X-rite Colour i7 under a tem-
perature of approximately 25°C, a humidity of 65%
and the following settings [17—20]: D65, 17 mm aper-
ture, and CIE 10° supplementary standard observer
to collect the colour values (L, a*, b", C). Uniform and
smooth transition of the SWDs is necessary for
studying the colour shading effect of woven fabrics
with the compound full-backed structure. The colour
shading effect of the compound structures is anal-
ysed in terms of the colour values.
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As shown in figure 14, for the face side of the colour
card, the L™ value of AB with unchanged surface
weaves was relatively stable, and that of BC with two
sets of SWDs (SWD-A and SWD-B) and AC with
three sets of SWDs (SWD-A, SWD-B and SWD-C)
showed a steady upward trend, demonstrating that
the L* values on the face side of the specimens are
consistent with visual observation. For the reverse
side of the colour card, the L* values of AB’ with a set
of SWD (SWD-C) increased slightly because the L* of
the warp yarn (90.20) is very close to that of the yel-
low weft yarn (83.30), so the L" values of AB’ do not
change significantly along with the shading process,
but the overall trend is consistent with the visual
observation. The L" values of B'C’ with unchanged
weaves had a balanced downward trend, and that of
A'C’ with three sets of SWDs steadily declined first
and then increased gradually. Considering that the
colour effects on the reverse side of the colour card
are slightly complicated, the analysis of their L val-
ues cannot accurately reflect the shading effect in
detail; thus, colour purity and colour difference were
further studied.
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Fig. 14. L" values of the fabric specimens

The length of the weft floats along with the shading
weaves causes the change in the colour purity. In fig-
ure 15, the R? of AB was 0.078, which is close to 0,
indicating that the fitted line was nearly parallel to the
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Fig. 15. Colour purity of the specimens

X-axis, so the colour purity was almost constant; the
RZ2 values of BC, AC, AB’, B'C’ and AC’ were 0.990,
0.984, 0.994, 0.938, 0.947, respectively, all greater
than 0.7 and close to 1, showing good linearity and
indicating that the colour purity exhibited a substan-
tially uniform change.

The colour differences (equation 5) [18] of the speci-
mens with three SWDs were calculated by comparing
the colour values of two adjacent fabric specimens
with each edge of the colour card:

AE%, = ST (AL"2 + Aa"2 +Ab™2) (5

where AE*ab is the colour difference of the fabric spec-
imens, n — the number of specimens, and AL* = L} —
L}, Aa" = @} — aj,4, and Ab™ = b} — bl4.

In the evaluation of the colour mixing effect of the
woven fabrics, AE}, in the range of 2-5 is generally
supposed to indicate a trace or slight colour differ-
ence [21]. As illustrated in tables 3 and 4, the calcu-
lation results showed that the average colour differ-
ences of AB, BC, AC, AB’, B'C’, and AC’ are 2.54,
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3.15, 3.32, 3.03, 1.23 and 3.69, respectively, all in the
range of 2-5, indicating that the colour shading effect
was adequate. In addition, the colour difference of
the specimens with three sets of SWDs was the high-
est (3.32 of AC and 3.69 of AC’), followed by those
with two sets and one set of SWD (3.15 of BC and
3.03 of AB’), and that of the unchanged weaves (2.54
of AB and 1.23 of B’C’) was the smallest.

APPLICATION DESIGN

With digital jacquard design technology under lay-
ered-combination design mode, a compound full-
backed structure can produce double-faced shading
effect fabrics with three coloured wefts. For the face
side of the fabric, there is one or two sets of weft
colours shaded into warp colour, or into each other.
For the reverse side of the same position of the fab-
ric, along with the shading process of the rest set of
wefts, three effects which are partly covered effect,
totally covered effect and these two effects existing at
the same time can be generated. For a compound
full-backed structure, the effects on the face and
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Table 3

LIGHTNESS DIFFERENCES AND AVERAGE COLOUR DIFFERENCES ON THE FACE SIDE OF THE FABRIC
SPECIMENS
AB BC AC
Number
AL” Aa* Ab* AL” Aa* Ab* AL” Aa* Ab*
1 0.39 0.21 0.55 -2.87 -2.16 —7.91 -3.13 -1.79 -7.18
2 0.15 0.34 0.88 -1.03 2.53 214 -1.81 1.96 -0.9
3 0.04 0.24 -0.27 -1.13 3.71 3.41 -0.54 3.45 2.81
4 -0.17 -0.93 -1.86 -1.57 0.72 —-0.06 0.06 0.61 2.79
5 -0.16 -1.99 -2.78 -1.07 0.19 —-0.68 -1.05 0.53 -1.07
6 0.35 1.82 2.47 -1.77 1.62 0.01 -0.96 1.43 1
7 -0.05 -1.49 —2.26 -0.28 0.4 0.9 -3.75 3.33 -2.78
8 0.06 0.09 -0.04 -3.16 1.93 -1.52 -3.31 1.27 -0.95
9 -0.01 1.93 2.69 —2.84 1.33 -1.11 —2.04 1.54 -0.7
10 -0.36 0.39 0.5 -1.94 0.88 -0.93 -1.34 0.01 1.01
11 0.08 1.61 1.5 -1.12 0.46 -0.04 -1.32 0.68 -0.12
12 —-0.51 -1.05 -0.95 -2.05 1.13 -1.29 -1.75 0.56 -0.63
13 0.54 4.41 6.5 —4.4 2.36 -1.47 —4.45 2.22 -0.61
14 -0.08 -1.93 -2.35 -2.36 1.54 0.04 -2.53 1.82 0.39
15 -0.47 1.29 1.8 -1.92 1.29 -0.18 -3.12 1.57 -0.82
16 -0.27 -3.93 —6.06 -2.17 1.2 -0.24 -1.76 1.35 0.34
17 -0.11 0.75 1.46 -3.15 1.48 -0.39 -3.05 1.9 0.21
AVG of AE;, 2.54 3.15 3.32
Table 4
LIGHTNESS DIFFERENCES AND AVERAGE COLOUR DIFFERENCES ON THE REVERSE SIDE OF THE
FABRIC SPECIMENS
A'B’ B’C’ AC’
Number
AL* Aa” Ab* AL” Aa* Ab* AL” Aa* Ab*
1 -0.55 0.7 —2.85 0.74 —-0.01 0.77 2.46 -0.2 2.22
2 -0.54 0.63 -2.79 0.73 -0.51 1 2.03 -1.09 0.06
3 0.36 1.03 -3.68 1.22 -0.33 1.65 2.99 -1.13 -2.09
4 0.02 0.72 —4.25 0.53 -0.4 1.07 1.15 -0.14 —4.17
5 0.31 0.75 —4.04 2.16 -0.49 1.61 3.8 -0.37 -0.22
6 -0.94 0.61 -3.05 1.58 -0.78 -0.22 1.72 -1.15 -2.04
7 -0.56 0.98 -3.03 0.48 -0.49 0.31 2.99 -2.85 0.65
8 0.37 0.38 -2.2 0.47 -0.29 0.83 1.07 -0.41 -1.46
9 0.42 0.21 -2.21 0.38 -0.17 0.52 1.29 -0.48 -1.14
10 -0.51 0.22 -2.06 0.71 -0.72 0.84 -2.07 0.51 -5.6
11 0.61 0.28 -3.87 0.95 -1.45 0.81 1.13 -1.19 -1.79
12 -0.11 0.36 —-4.17 0.77 —-0.56 —-0.53 -0.58 1.63 —4.43
13 -0.63 -0.13 -2.32 0.1 0.08 0.05 -1.73 2.73 -2.24
14 -0.03 0.45 -1.97 -0.02 -0.29 0.37 -2.02 1.44 -3.9
15 0.35 0.21 -2.85 0.53 -0.69 0.88 -0.95 0.58 -3.7
16 -0.19 0.37 -2.31 0.03 -0.41 0.3 -1.08 0.77 -3.69
17 0.14 0.27 -2.34 0.66 -0.16 1.87 -1.49 1.48 —4.35
AVG of AE}, 3.03 1.23 3.69
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Reverse side
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Fig. 16. Double-faced jacquard fabric with a compound
full-backed structure with three wefts

reverse sides can also be reversed on the jacquard
fabrics based on the structure features. What calls for
special attention in the design process is that the float
length of the surface weaves should always be
longer than that of the backing weaves. With this
structure, double-faced fabrics can be mass pro-
duced and have no limitation on the subject of design
patterns.

CONCLUSIONS

The traditional jacquard design method has great lim-
itations in structural design when designing double-
faced weft-backed fabric with three sets of wefts. A
compound full-backed structure based on the weft-
backed structure with compound weft colour effects

is employed for its possibility of creating double-faced
weft-backed fabric. The main features of the combi-
nation of the non-backed effect on one side and full-
backed effect on the other side with the composition
of the three SWDs are applied when designing a dou-
ble-faced fabric with three wefts. By reasonably con-
figuring of the PWs and designing compound full-
backed technical points, colour shading effects are
generated in which two sets of wefts produce shad-
ing effect on one side totally covering the remaining
set of weft yarns that are producing shading effect on
the other side of the fabric. In addition, the experi-
mental results show that a uniform colour shading
effect can be realized with three SWDs, and the cov-
ering effect on the reverse side of the jacquard fabric
can be controlled by changing the parameters (the
step number and the transition direction) of the PWs.
The design method described in this study further
perfects the digitization of the weft-backed structure
and provides a reference for the innovation of struc-
tural design and colour design of double-faced weft-
backed fabrics.
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ABSTRACT - REZUMAT

Predicting financial distress in the Indian textile sector

The purpose of this paper is to predict the financial distress of companies of the Indian textile sector using Altman Z
score. The analysis conducted on 161 listed textile companies in India for a period of 10 years from 2009 to 2018. All
the listed companies are categorized into large, medium, and small using the median split method based on the size of
total assets. Kruskal Wallis test is applied to test whether the mean z-score is different for each category of companies.
This research study shows that majority of the companies in the Indian textile sector are facing financial distress. Further,
it shows that the z score of small, medium, and large-scale textile companies in India is significantly different.

Keywords: textile sector, performance, Altman Z score, bankruptcy, discriminant analysis, financial investment,
customer

Predictia distresului financiar in cazul sectorului textil din India

Obiectivul acestui articol de cercetare este de a previziona distresul financiar al companiilor din sectorul textil indian
folosind modelul Scorului Z a lui Altman. Analiza a fost efectuata la nivelul a 161 de companii din sectorul textil, listate
pe piata bursiera din India pentru o perioadé de 10 ani, respectiv din 2009 pana in 2018. Toate companiile listate sunt
clasificate in mari, medii si mici, utilizdnd metoda divizérii mediane bazatd pe méarimea activelor totale. Testul Kruskal
Wallis este aplicat pentru a testa daca scorul mediu Z este diferit pentru fiecare categorie de companii. Acest studiu de
cercetare demonstreaza cd majoritatea companiilor din sectorul textil indian se confrunta cu probleme financiare. Mai
mult, aratéd c& scorul Z al companiilor mici, mijlocii si mari din sectorul textil din India, este semnificativ diferit.

Cuvinte cheie: sectorul textil, performanta, scor Altman Z, faliment, analiza discriminanta, investitie financiara,

consumator

INTRODUCTION

The textile sector is one of the oldest sectors in India
and the contribution of the sector in the Indian econ-
omy is remarkable. It employs more than 45 million
skilled and unskilled labour. The industry contributes
2% to GDP of the economy and 15% to export earn-
ings of India in the fiscal year ended 2017-18.
However, the recent insolvency cases registered with
NCTL of textile companies like Alok Industries Ltd.,
Reid and Taylor India Ltd., Mandhana Industries, and
Provogue India Ltd. are indeed alarming, and it
becomes important to know the risk involved in the
sector. Alok Industries alone has defaulted on a loan
of as high as Rs. 29,500 crores (based on Indian
numbering system). The overall sector also saw a
major hit due to GST implementation and demoneti-
zation. The current study is an attempt to predict the
bankruptcy of 161 listed companies in the Indian tex-
tile sector. It further attempts to find the relationship
of selected financial ratios and Z score.

Financial distress is the inability of the company to
fulfil its debt obligations which ultimately can lead to
bankruptcy. If the financial distress can be predicted

industria textila

in advance using such models, then huge losses can
be avoided by taking appropriate steps. With the use
of business failure prediction models, companies
have got warning signals and can lower their
chances of going into bankruptcy.

The Z-Score bankruptcy model was developed by
Edward Altman in 1968 [1]. Altman tested the predic-
tive power of 22 financial ratios using multiple dis-
criminant analysis and finalized five specific ratios to
predict the financial distress of the companies. The
ratios like Profitability ratio, Liquidity ratio,
Productivity ratio, leverage ratio, and asset turnover
ratio were found to have the greatest predictive
power to forecast bankruptcy.

The z score is computed using the following equa-
tion:

Z=12x1+1.4x2 + 3.3x3 + 0.6x4 + 0.999x5 (1)

where x1 is Working Capital/Total Assets, x2 -
Retained Earnings/Total Assets, x3 — Earnings before
Interest and Taxes/Total Assets; x4 — Market
Capitalization/Total Liabilities; x5 — Sales/Total
Assets.
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LITERATURE REVIEW

The empirical research on bankruptcy prediction is
varied and large. Beaver used a univariate discrimi-
nant analysis to study the ratios of bankrupt and non-
bankrupt firms [2]. After his initial work, many
bankruptcy prediction models are developed and
tested by researchers. The most renowned research
in this area is proposed by Altman [1]. He employed
multiple discriminant analysis (MDA) to identify
bankruptcy prediction ratios. Moreover, contagion
represents an unpredictable propagation of shocks
[3]. Some other researchers [4] highlighted the fact
that volatility does not diverge to infinity, but it is is
influenced differently considering high positive or
high negative stock market returns. Later, a similar
technique was used by researchers such as: Grice
and Ingram [5], Agarwal and Taffler [6], but also
Batchelor [7]. Moreover, Ullal et al. [8] suggested that
Indian customers are more emotional. Significant
work in MDA is also done by Springate [9] and Fulmer
et al. [10] who developed their bankruptcy models.
On the other hand, Ohlson [11] argued that assump-
tions about multivariate normality and independence
of predictor variables of MDA are restrictive. Thus, he
proposed a new model based on logit Regression
analysis taking into consideration nine accounting
ratios. Similar work is done by Campbell et al. [12],
Sun et al. [13], Jones et al. [14]. Zmijewski [15] used
a probit analysis to develop a bankruptcy prediction
model. The difference between logit and probit anal-
ysis is that the later assume normal distribution of
independent variables in the model. His model was
further tested by authors like Wu et al. [16]. For
instance, Meher et al. [17] suggested that due to the
global financial crisis of 2008 the whole banking sec-
tor of India was under deep stress because of Non-
Performing Assets (NPA). Mehdiabadi et al. [18]
argued that global economy is constantly changing
so it is very important to consider innovation and
technological development as main factors in order
to achieve a sustainable growth. Moreover, Meher et
al. [19] suggested that considering the ongoing
dynamics it is more preferable for India, which is an
emerging country, to be an active part of the digitiza-
tion process. In the Asian context in general and
Indian context, many researchers have applied the
Altman Z score and other models to predict bankrupt-
cy of varied sectors. Bandyopadhyay [20] evaluated
the default probability of Indian corporate bonds
using logit analysis. Mishra [21] performed the credit
risk evaluation of BSE 200 companies and found that
63.6 percent of the original grouped companies are
correctly classified using the Z score model.
Patanwala [22] examined the financial distress
among the major players in the FMCG sector using
Altman’s Z-Score. Sanesh [23] assessed the Altman
Z-score of NIFTY 50 companies excluding banks and
financial companies. It was found that most compa-
nies are in a safe zone and 9 companies are in the
grey zone and 5 companies are in danger zone.
Malik et al. [24] analysed the Textile sector of
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Pakistan using a z score. The study concluded that
the textile industry of Pakistan failed to survive in the
international market during the crisis period
(2007-2009) and in the recovery period (2010-2012),
financial health was found to be comparatively better.
Archana [25] predicted the z-score of selected retail
firms in India. Rim and Roy [7] applied the Altman Z
score to evaluate Lebanon companies and found that
it is a sound tool to predict financial distress.
Batchelor [8] tested the efficacy of Altman Z-score
and concluded that manipulating variables of the
Altman Z-score yields better results. Altman [26] test-
ed the prediction accuracy of the original Altman Z
score in the international context and concluded that
the model works well in most of the countries.

In the backdrop of such findings in the literature, the
current study has emphasized on Altman Z score
over the other bankruptcy models. Further, very few
studies are conducted on the textile sector in gener-
al and the Indian textile sector in specific. Thus, the
current study attempts to predict bankruptcy in the
Indian textile sector.

RESEARCH ANALYSIS

In the financial domain, where wealth multiplication is
involved, the most vulnerable players are the
investors. Corporate bankruptcy is the biggest dan-
ger to investor’s wealth. Bankruptcy can wipe out the
entire equity capital of a firm and can significantly
impact its stock prices. In the recent past, giant play-
ers in the Indian textile sector have reported financial
distress impacting various stakeholders like
investors, employees, and practitioners. Therefore, it
becomes important to review the financial perfor-
mance of the traditional textile sector of the economy.
To assess the likelihood of bankruptcy of a company,
the Altman Z Score model can be employed. This
paper attempts to study the probability of failure of
selected textile firms. The study further analysis if
there is any difference in the bankruptcy score of
small, medium, and large-scale companies. Given
the volatile sales and earnings of textile manufactur-
ers, there is an indispensable need to assess the
financial position of the Indian textile sector. As per
the financial stability report of RBI, June 2019, the
textile sector has recorded the stressed advance
ratio of 16.1%, which means that the textile industry
is significantly contributing to stress assets of banks.
The main objectives of this empirical study are the
following:

1. To predict the Z score of selected textile compa-
nies in India using the Altman Z score model.

2. To examine the strength of financial ratios for
measuring Z score values.

3. To examine if there exists any significant differ-
ence in z scores of selected companies based on
their size.

The hypotheses of this empirical study are the fol-

lowing:
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HO1: There is no significant impact of selected finan-
cial ratios on the z score of selected textile compa-
nies in India.

HO2: There is no significant difference in the z score
of selected textile companies in India based on their
size.

RESEARCH METHODOLOGY

The table 2 shows that the mean z score value of the
textile sector is less than 1.8, therefore it can be said
that the overall textile sector is facing distress.

The mean values of the ratios X2 and X3 are the
lowest. Thus, Retained Earnings/Total Assets and
EBIT/ Total assets are the key ratios which are

This study is based on the sec- 140

ondary financial data of textile
companies extracted from the
database of Ace analyser and the
annual reports of the selected
companies. The study is based
on the panel data of selected
financial ratios of 161 companies
for 10-year period from 2009 to

120

100

2019 comprising 1,771 data
points.

The following tools are used for
the analysis of the data:

(i

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

M Financially distressed companies

B Companies in gray area

Financially strong companies

» Altman Z score Model (1968) is
used to predict financial dis-
tress of selected companies.

» Correlation and Regression

Fig. 1. Z-score Results

analysis is used to examine the Table 1
str(_angth of selegted financial Z.SCORE RESULTS

ratios for measuring z scores

values. Financially |[Companies in the| Financially

« Median Split is used to catego- distressed grey area strong
X i ) - Year . ; Total
rize firms into large, medium, companies |(Z score between| companies
and small scale based on their (Z score <1.8) 1.8 and 3) (Z score > 3)
total assets. 2009 125 29 7 161

* Levene Statistics is used to test 2010 109 37 15 161
Fhe homogerlleity of variances 2011 17 35 9 161
in z score values.

* Kruskal-Wallis is used to test 2012 129 23 9 161
the significant difference in Z 2013 119 34 8 161
score values based on the size 2014 110 43 8 161
of the firm. 2015 13 39 9 161

201 104 4 12 161

DATA ANALYSIS AND 016 0 > 6

INTERPRETATION 2017 108 38 15 161

This section deals with the data 2018 115 29 7 161

analysis and interpretation. 10-year 118 37 6 161

Figure 1 and table 1 show that on Average

an average 118 out of 161 com-

panies analysed are financially Table 2

distressed. 37 companies are in

the grey area and only 6 compa- DESCRIPTIVE STATISTICS

nies a.re financially strong. The Indicators N Minimum | Maximum | Mean Std. deviation

analysis shows that only 3.72%

of the selected textile firms are Z_score 1771 -9.91 43.39 1.3495 1.69469

financially strong. The recent X1 1771 —6.46 1.00 0.1087 0.38885

government initiatives such as X2 1771 -1.40 8.76 0.0093 0.24568

“Make in India”, special package X3 1771 |  -1.03 9.08 | 0.0556 0.24867

to boost exports, technology up- X4 1771 | 0.00 2239 | 0.3137 1.00934

gradation fund scheme could

prove favourable for the sector X5 1771 -0.34 6.58 0.8353 0.60075

and can improve the financial Valid N 1771 ) ) ) )

viability of the textile sector soon. (listwise)
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Table 3

CORRELATION ANALYSIS
Indicators z_score X1 X2 X3 X4 X5
Pearson Correlation 1 0.493™ 0.801™ 0.800" 0.413" 0.472"
z_score | Sig. (2-tailed) - 0.000 0.000 0.000 0.000 0.000
N 1771 1771 1771 1771 1771 1771

Note: ** Correlation is significant at the 0.01 level (2-tailed).

contributing to the lower z-score value of the textile
sector.

Table 3 shows that p-values of all variables are less
than 0.05, therefore the null hypothesis is rejected,
and the selected financial ratio has a significant pos-
itive relation with z score.

Tables 4 and 5 show that the p-value of all selected
variables is less than 0.05, therefore the null hypoth-

Table 4

REGRESSION ANALYSIS MODEL SUMMARY

Adjusted | Std. error of
Model R R Square R Square | the estimate
1 1.0002 1.000 1.000 0.00000

Note: Predictors: (Constant), X5, X4, X2, X1, X3.

statistically significant differences between two or
more groups of an independent variable. Table 7
shows the SPSS output of Kruskal Wallis test.

It is evidence from tables 7 and 8 the p-value is less
than 0.05, the null hypothesis is rejected and there
exists a significant difference in z-score values based
on the size of the company. Since the result of the
test is significant, a post hoc test is conducted, and
the results of the test are given in the table 8.

Table 9 shows that z score values of small & large
firms and Small & Medium firms have a statistically
significant difference, whereas there is no significant
difference in z score values of Large & Medium firms.
Each row tests the null hypothesis that the Sample 1
and Sample 2 distributions are the same. Asymptotic

Table 5
COEFFICIENTS
Unstandardized coefficients | Standardized coefficients
Model t Sig.
B Std. error Beta
(Constant) —9.442E-012 0.000 - —-0.003 0.998
X1 1.200 0.000 0.275 236273753.564 0.000
X2 1.400 0.000 0.203 29616750.193 0.000
X3 3.300 0.000 0.484 71786600.220 0.000
X4 0.600 0.000 0.357 375230591.446 0.000
X5 0.999 0.000 0.354 346256603.116 0.000
Note: Dependent Variable: z_score.
esis is rejected and all selected financial ratios have Table 7
a significant impact on z score values.
It is evidence from table 6 the results of Levene KRUSKAL WALLIS TEST RANKS
statistics shows that the p-value is less than 0.05, Indicator Catedo N Mean rank
therefore the null hypothesis is rejected and the gory
assumption of homogeneity of variances of one-way Large 616 911.73
ANOVA is violated. Hence, ANOVA cannot be applied Medium 583 921.95
to test the significant difference in z score values. z-score Small 572 82165
Total 1771 -
Table 6
HOMOGENEITY OF VARIANCES
Table 8
Levene statistic df1 df2 Sig.
11.952 2 1768 0.000 TEST STATISTICS
Particulars z_score
The appropriate non-parametric alternate to ANOVA Chi-Square 13.503
for such data with heterogeneity in variances is the of 5
Kruskal-Wallis test which is a rank-based nonpara- .
metric test that can be used to determine if there are Asymp. Sig. 0.001

4
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Table 9

POST HOC TEST
Sample 1 — Sample 2 Test statistic Std. error Std. test statistic Sig. Adj. Sig.
Small-Large 90.081 29.689 3.034 0.002 0.007
Small-Medium 100.300 30.091 3.333 0.001 0.003
Large-Medium -10.219 29.543 —0.346 0.729 1.000
Table 10 have a significant impact on Z score values. It
means that these ratios have significant power to
CATEGORY WISE DESCRIPTIVE STATISTICS predict bankruptcy.
OF Z SCORE » Kruskal and Wallis test show that there exists a sig-
Category Median N nificant difference in Z score values of Large,
Large 1.3756 616 Medium, and Small-scale companies. The small-
Medium 13793 583 scale companies have a lower z score compared to
Small 12072 572 large and me@um companles. whlgh means that
these companies have higher financial distress.
Total 1.3400 17 This study shows that majority of the companies in

significances (2-sided testes) are displayed. The sig-
nificance level is 0.05.

From table 10, it can be seen that small companies
have a lower average z score compared to large and
medium companies.

FINDING AND CONCLUSIONS

The study analysed the selected financial ratios and

Z score values of listed textile companies in India.

The following aspects represent the most important

findings of this empirical study:

* Based on a 10-year average z score, only 3.72% of
the selected companies are financially strong and
most of the companies are in danger zone.

* The results of descriptive statistics show that the
two ratios i.e., Retained Earnings/Total Assets and
EBIT/Total assets contribute to the lower z-score
value of the textile sector.

* The correlation and regression output show that
selected five financial ratios of the Altman Model

the Indian textile sector are facing financial distress.
Altman Z score model has the predictive power to
predict the financial unsoundness before the compa-
ny realizes or declares bankruptcy. It is therefore rec-
ommended to all stakeholders in general and
investors to employ the Z score model before invest-
ing.

This research will enable the researchers to under-
stand the bankruptcy profile of the Indian textile sec-
tor and the role played by different financial indicators
in causing bankruptcy. Furthermore, the findings of
this study will also help the investors and practition-
ers associated with the textile industry to adopt more
specific techniques to predict bankruptcy.

The current research has applied only Altman Z
score to predict bankruptcy. Further studies can be
done in the textile sector using logit and probit analy-
sis or other bankruptcy models. Also, a comprehen-
sive study can be conducted comparing the financial
distress of varied sectors in the Indian context.
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ABSTRACT - REZUMAT

Competency framework validation: application in textile industry

Previous research on the subject has reported that competency-based management has a constructive impact on
organizational and employees’ performance. One way of presenting human resource competencies is through a formal
framework. This study is part of a project to validate a scientifically developed competency framework and assesses the
prospects of its application in specific industrial sectors of Pakistan. This methodological work was carried out with
background learning in the first phase and a survey was conducted in second phase involving practitioners and experts
from the textile industry. Their responses were used to validate the face and content of the framework. Participants were
given a presentation on the methodology followed in developing the competency framework and provided a
questionnaire for feedback. Out of 75 participants from the textile industry, the majority were from human resource,
sales, marketing, information technology, finance, operations, engineering, quality and logistics at managerial level.
Participants validated the framework design and contents without suggesting any changes. This study gave confidence
about the framework, its development methodology, its format and presentation before bringing in practice.

Keywords: competence, framework, methodological study, survey, practitioners and experts in textile, validation

Validarea cadrului competentelor: aplicarea acestuia in domeniul textil

Cercetérile anterioare asupra acestui subiect au ardtat cd managementul bazat pe competente are un impact constructiv
asupra performantei organizationale si a angajatilor. O modalitate de prezentare a competentelor resurselor umane se
realizeaza pe baza unui cadru formal. Acest studiu face parte dintr-un proiect de validare a unui cadru de competente
dezvoltat stiintific si evalueaza perspectivele aplicérii acestuia in sectoarele industriale specifice din Pakistan. Aceasta
lucrare metodologicéa a fost realizaté in prima fazd pe baza documentarii si in a doua faza printr-un sondaj implicand
practicieni si experti din industria textild. Raspunsurile lor au fost utilizate pentru a valida aspectul si continutul cadrului
competentelor. Participantilor Ii s-a prezentat metodologia urmaté in dezvoltarea cadrului competentelor si acestia au
furnizat date intr-un chestionar pentru feedback. Din cei 75 de participanti din industria textila, majoritatea provine din
resurse umane, vanzdri, marketing, tehnologia informatiei, finante, operatiuni, inginerie, calitate si logistica la nivel
managerial. Participantii au validat aspectul si continutul cadrului, fard a sugera modificéri. Acest studiu a oferit incredere
in acest cadru, in metodologia sa de dezvoltare, formatul si prezentarea acestuia inainte de a fi pus in practica.

Cuvinte-cheie: competentd, cadru, studiu metodologic, sondaj, practicieni si experti in textile, validare

INTRODUCTION

Though the term organizational capability and com-
petence (or competency) is new and fashionable [1],
the concept is old. Competency-based management
has reported a positive influence on organizational
and employees’ performance [2]. Competencies are,
therefore, essential for meeting performance stan-
dards and achieving important results in an explicit
work role in any organization [3]. However, a mere
listing of competencies has more value for its users if

lack of methodological rigor in the development of

such systems, and psychometric issues [6]. This

challenge could be met:

 If the framework is developed based on some
established work regarding jobs’ classification,
roles and functions.

« If the framework is formalized by involving a group
of experts from various professions.

* If scientific methods are used to reduce subjec-
tivity.

The development of competency frameworks starts

similar competencies are grouped to form a frame-
work [4]. The practice of competency frameworks
may appeal to scholars and practitioners to serve as
the foundation for many human resource develop-
ment activities. Among its advantages is that the
employees know precisely which competencies are
required for success and how they will be evaluated
[5]. Unfortunately, the use of competency frameworks
is often hindered because of conceptual ambiguity, a
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with the identification of required competencies and
excerpts from literature, study of the documents and
conversing. The process is furthered by acquiring
consensus from the experts for validity [7].

There are a variety of competency frameworks avail-
able mostly developed to cater to particular needs or
are job-specific and perceived as knowledge-specific
and task-specific [8]. Some generic frameworks are
moreover presented with varied shapes and formats
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from having no structure or just a collection of com-
petencies or structured by the relationship among the
containing competencies [9].

The need for a framework exists, which is generic
and could be utilized without significant modifications
as the core competencies remain the same in any
managerial position across organizations and coun-
tries [10]. This generic framework could be imple-
mented in any industrial or business sector.
Competency frameworks ideally should be validated
before being put into use to provide a sound platform
upon which various HR applications may be based
[11]. This study was conducted to validate the frame-
work for its outlook and presentation. Also, the frame-
work was validated for having relevant content and
the likelihood of its usefulness in the textile sector of
Pakistan at various stages of the human resource
lifespan.

The results of the study are promising in a manner
that the face and content validity of the framework in
subject is established. The presentation and arrange-
ment of information in the framework make it prag-
matic to apply. The framework is accepted to be
appropriate for application in the textile industry for
recruitment, performance evaluation, training need
analysis and career planning.

METHODOLOGY

In this study, methodology employing a questionnaire
was used to validate a recently developed compe-
tency framework. The subjects were professionals
working in textile who could be benefited from the
application of the framework. Textile is one of the
major contributors of earning foreign exchange for
Pakistan. The industry has been facing incremental
changes and global competition requiring a commen-
surate set of managerial skills [12]. The key to the
success of any organization in present-day competi-
tion lies in its human resource proficient in identifying
distinctive and ingenious solutions to the challenges
[13]. The study was conducted in the industrial hub of
Karachi city inviting 75 managers and senior man-
agers working in the area of human resource, sales,
marketing, information technology, finance, opera-
tions, engineering, quality and logistics from the tex-
tile sector.

The participants were provided a questionnaire in two
parts. The first part comprising of five questions, was
to face validate the framework and asses its utiliza-
tion prospects. Participants were also to rate the
chances of competency framework utilization,
methodology undertaken, presentation of the frame-
work and its comprehensiveness in the textile sec-
tor’s perspective of Pakistan.

The second part compromising of ten questions were
about knowing how the framework contents are
appropriate in terms of their coverage of the subject.
The questions asked were related to the appropriate-
ness of job title, key roles, key performance indica-
tors, job responsibilities, and their linkage with com-
petencies, progressive levels and weight-ages of
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competencies. 25 professionals in five groups of five
each and in three sessions discussed the matter to
provide uninfluenced feedback of their own.

Inclusion criteria

The participants were required to fulfil the following
criteria: (i) must be currently employed and working
on a managerial position in the textile sector;
(i) should be a graduate, with an exception of diplo-
ma in apparel design; (iii) should have a minimum of
ten years of professional experience; (iv) should have
an official concern regarding selection and recruit-
ment, deployment and promotion, development plan-
ning of subordinates and/or performance evaluation.

Number of respondents per framework

Table 1 shows the qualification/ area of expertise with
a number of professionals working in the textile sec-
tor who participated in validation exercise. The num-
ber of participants shows that there are no less than
7 participants (cost accountancy and business man-
agement in finance taken together) to provide feed-
back for a framework of any particular job (frame-
work was available for eight jobs). For face validity,
researchers recommend to have at least seven to
ten people. For content validity, it should not be less
than 2 [14].

Table 1
AREA OF EXPERTISE FOR PROFESSIONALS WHO
PARTICIPATED
Sr. Education/Area of expertise in Nur:nl_aer of
no. participants
1 Business management, finance 8
Business management,
2 : 12
marketing
Business management, supply
3 ) 7
chain
4 | Cost accountancy 2
Engineering (mechanical,
5 . oo 7
electrical, textile*)
6 |Human resource management 13
7 | Information technology 10
8 | Science (physics and chemistry)
9 | Apparel design 7
Total 75

* Three of the textile engineers worked in production and two in
quality.

Sampling methodology

It was targeted to connect with as many profession-
als in textile as possible through HR and textile fora.
The number of such professionals living in Karachi
is a big population of unknown size. The sampling
technique based on Cochran’s formula was used to
determine the sample (number of participants) size
[15]. Cochran’s formula was applied:

_ Z%pq
ng==>"
e

(1)
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where ng is sample size, p — estimated proportion of
population which has the attribute (to attend), g =1 —p,
e — error or desired level of precision and Z — stan-
dard normal random variable.

It was assumed that 5% of the entire population
would attend (p). We will calculate the sample size
with 5% precision (e) and at 95% confidence level
(Z=1.96).

ny = [(1.96)2 x 0.05 x 0.95]/(0.05)? = 72.99 = 73
(2)

Administration of questionnaire

Details about the methodology and scientific tools
used in developing the competency framework were
briefed. The presentation was followed by a question-
answer session and collecting feedback on a ques-
tionnaire. This questionnaire was previously tested

for internal consistency based on 32 HR profession-
als’ feedback and calculating Cronbachavalue, which
came out to be 0.82.

Modus operandi of the session was also briefed and
instructions were given on the questionnaire. The
participants were additionally asked to solicit their
feedback considering questions: (i) do you have any
suggestions for improving the contents in terms of
information or format? (ii) do you have any new
item/information which you would like to add? No
suggestions came forward requiring any review or
change in the framework and its contents. The whole
methodology is presented in figure 1.

Face validity

355 out of 375 possible responses (98.40%) are on
higher side as shown in table 2 and plotted in fig-
ure 2, thus validating its outlook and presentation.

Competency
framework
e Criteria met
ing invitati included e S
Ma:::%ﬁ;n:‘l;:l;?: ® Screening e Dividingin === Dividing in groups
Stat | = Two part working in textile for inclusion 3 sessions of Sisessions
questionnaire for
validation Aot
e S Not included Y
Hypothesis: 3 Briefing about
m szgsoions are - ?g?:e:l?uﬁ:.l K Data related to first D:;a!::“;:fj the framework
equal CVI calculated 5 questions plotted = i Q/A session

Fig. 1. Methodology followed for this study

Table 2
RESPONSES AGAINST THE FIRST FIVE QUESTIONS
Questions Given choices Number of
responses
Yes, very strong 53
) Can consider 21
Question 1
Do not know 0
Probably not 1
Recruitment 9
) Performance evaluation 49
Question 2 — -
Training needs analysis 14
Other 3
Very high 61
) High 13
Question 3
Moderate 1
Low 0
Quite comprehensive 41
) Detailed and connected 34
Question 4 — -
Subject information 0
Need more information 0
Very appropriate 62
. Easy to comprehend 12
Question 5
Reasonable 1
May improve 0
industria textila J
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Fig. 2. Responses against first five questions
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tively, show the respondents’ feedback data and the

calculation of CVI.

Content validity

Each session was independent

Average of the item-level content validity index

with a mix of professionals. The data, Scale Level

(S-CVI/Avg) was calculated for each question asked.

Content Validity Index (S-CVI), were discrete values.
It was appropriate to evaluate that all sessions

An S-CVI reaching 90% qualifies the instrument to be

content valid [28]. Table 3 for sessions 1 to 3 respec-

Table 3

AVERAGE OF THE ITEM-LEVEL CONTENT VALIDITY INDEX
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Table 4

U STATISTICS FOR ALL THREE SESSIONS AT 5% SIGNIFICANCE LEVEL
. . . Sum n(n+1) _ n(n+1) Critical U

Sessions in comparison of ranks R > U=R- at p<0.5 Comment

Session 1 | Session 2 245 15 9.5 2 Populations are not
significantly different

Session 1 Session 3 23.5 15 8.5 2 Eopqlatlons are not
significantly different

Session2 | Session 3 26.5 15 115 2 Populations are not
significantly different

belong to a similar population. We used Mann &

Whitney statistics ‘U’ to evaluate if all three sessions

provided a similar response. Hypothesis created

were as follows.

Hy: Distributions of both populations, to whom S-CVls
of any two sessions belong, are equal.

H,: Distributions are not equal.

Table 4 illustrates the critical values of U to find out

the difference being significant or not. The values of

U lie in the acceptance region, so there is no evi-

dence to reject the H, hence all three sessions gave

the same response.

RESULT AND DISCUSSION

Establishing face and content validity is a systematic
process. The participants were briefed about the
competency framework and its development method-
ology. The first question was to evaluate the accept-
ability chances of the competency framework in the
textile sector of Pakistan. The second question iden-
tifies the areas of implementation and further
research. The third question evaluates the confi-
dence on the framework development. Last two
questions were to face validate the framework.
Table 5 further elaborates and analyses the collected
data; the average face validation score is 99%.

The last ten questions were to assess the content
validity of the framework on a 5-point rating scale. 75
participants were distributed in 3 sessions so that
they can be presented the competency framework
for replying to the questionnaire. Each session was

further divided into a group of 5 to facilitate any dis-
cussion. I-CVI for each question was calculated and
then S-CVI. With S-CVI from 0.92 to 1.00, the instru-
ment had good content validity. The results indicate
that the framework developed and presented for this
study is a reliable instrument for adopting in human
resource life cycle within the textile sector of
Pakistan. It was further tested that S-CVI responses
of different sessions are not significantly different.

CONCLUSION

Human resource competencies are essential for
meeting performance standards and achieving
important results. Competencies are easy to apply if
these are presented in a scientifically designed
framework involving experts from various profession-
al disciplines. Practitioners of the industry, where the
framework is planned to be implemented, should val-
idate the outlook and contents of the framework.
Feedback of the practitioners from different profes-
sions working in the textile sector provided enough
evidence that the framework in focus ranks on the
higher side in terms of presentation. Approximately,
99% respondents ranked it on two higher choices.
The framework stands a good chance of implemen-
tation at various human resource stages. The calcu-
lated content validation index for each item of the
framework and average of all ranging from 0.92 to
1.00, qualify the entrails of this instrument.

The following inferences were also apparent from the
study: Firstly, the validation provided a stable and

Table 5
ANALYSIS OF THE RESPONSES AGAINST FIRST FIVE QUESTIONS
. Total of First Two Choices o
Question Content Purpose out of 75 Yoage

5 Comprehensiveness of | .o \qigity 74 98.66
the Framework

4 | Presentation of the Face Validity 75 100.00
Framework
Confidence on the devel- | Confidence on the Framework

3 74 98.66
opment methodology contents

5 Freferred arga(s) of For further research Performance .evaluatl'on, training 96.00
implementation needs analysis, recruitment (72)
Support of generic Specific industry supports the idea

1 : 74 98.66
Framework of a generic Framework or not
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appropriate presentation of the framework related to
generic competencies specifically in the textile sec-
tor. Secondly, it gives professionals a better idea of
what competencies they should look for when deal-
ing with the human resource at various stages.
Hence, the findings will help improve professional
development opportunities essential for overcoming
the perceived deficiency in human resource manage-
ment areas.

These findings could further be verified in settings
like other industries or trades, larger geography, more
diverse and assorted groups.

This study limits the validation to face and content;
further research can validate the framework while
applying to areas of human resource management
for example, recruitment, performance evaluation,
career development, training needs identification,
promotion and deployment.
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ABSTRACT - REZUMAT

How does occupational stress affect individuals employed in textiles? An exploratory study from Pakistan

Occupational stress among the employees has become a major concern for the organizations without exemption for the
textile and clothing industry, a major manufacturing industry of the developing countries. In Pakistan, it contributes 8.5%
to the GDP and is a source of employment for 30% of the workforce. This research aims at exploring the effects of job
stress amongst the individuals employed in textiles. For the purpose, data was collected from 1212 textile industry
employees. Deployment of exploratory factor analysis (EFA) on the information collected resulted four stress impact
factors, namely psychological, behavioural, performance and effectiveness, and physical. The factors described an
overall accumulative variance of 60.87%, with psychological as the most significant, explaining 40% of the total. Results
of this work disclose that how Occupational Stress affect the employees of textile and clothing industry. There is a need
to understand the complexity of stress phenomenon so that the stress management intervention strategies could be
designed and implemented accordingly. Findings of this research may be helpful in unfolding the complexity of stress
phenomenon and these can be used as a guideline for the design and promotion of more acceptable and viable
approaches or strategies for real-time benefits realization at individual and organizational level in terms of higher job
satisfaction, motivation and productivity.

Keywords: behavioural, effects, employees, exploratory factor analysis, job stress, performance and effectiveness,
physical, psychological, textile industry

Cum influenteaza stresul profesional persoanele angajate in domeniul textil? Un studiu explorator
din Pakistan

Stresul profesional in réndul angajatilor a devenit o preocupare majord pentru organizatiile din industria textila si de
imbracédminte, o industrie importanté in tarile in curs de dezvoltare. In Pakistan, aceasta reprezinta 8,5% din PIB si o
sursa de ocupare a fortei de muncéa pentru 30% din populatie. Aceasta cercetare vizeaza analiza influentei stresului la
locul de muncé in randul persoanelor angajate in industria textild. In acest scop, au fost colectate date de la 1212
angajati din industria textila. Implementarea analizei factorilor exploratori (EFA) asupra informatiilor colectate a avut ca
rezultat patru factori de impact asupra stresului, si anume cel psihologic, cel comportamental, cel de performanta si
eficienta si cel fizic. Factorii au descris o variantd cumulativa globald de 60,87%, factorul psihologic fiind cel mai
semnificativ, cu 40% din total. Rezultatele acestei lucrari dezvaluie modul in care stresul profesional afecteazéa angajatii
din industria textild si de imbracdminte. Este necesar sé se infeleaga complexitatea fenomenului, astfel incéat strategiile
de interventie in gestionarea stresului s& poata fi proiectate si implementate in consecinta. Rezultatele acestei cercetéri
pot fi utile pentru a dezvolta complexitatea fenomenului si acestea pot fi folosite ca ghid pentru proiectarea si
promovarea unor abordari sau strategii acceptabile si viabile, pentru realizarea beneficiilor in timp real la nivel individual
si organizational, in termeni de satisfactie profesionala, motivatie si productivitate.

Cuvinte-cheie: comportamental, efecte, angajati, analiza factorilor exploratori, stresul la locul de muncd, performanta
si eficienta, fizic, psihologic, industria textila

INTRODUCTION

There is no worldwide harmony upon the definition of
stress. According to McEwen [1], “Stress is a word
used to describe experiences that are challenging
emotionally and physiologically”. Opposing the vision
of stress as a disturbing stimulus, other definitions
give a sight into which organism are confronted and
as to how stress is reacted by human being. Stress
responses are constantly tracked by healing course
of actions, which might be negotiated when stresses
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are dangerous, long-lasting, or unacquainted [2, 3].
For that reason, stressful occasions emerge to mount
up from the beginning of life, and this collective hard-
ship might have an intense effect on a broad spec-
trum of health upshots [4]. In the decade of 1980,
occupational stress was recognized amongst the ten
foremost occupational health issues in the United
States and probable all through the Western devel-
oped countries. Thereupon, researchers started
designing a prevention plan to deal with that was
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called a pandemic of stress [5]. It is a collectively
agreed fact that effective use of HR is vital for the
successful accomplishment of organizational objec-
tives in terms of optimized work performance where
human is the fundamental constituent of any system
that controls executions throughout and ultimately
responsible for achieving benefits in terms of repute
of the organization, profit, productivity, quality etc.
Organizational work performance is linked with stabili-
ty of the human resource whose wellness is coupled
with the effective occupational stress management [6].
Job-related stress is an international issue. In the
year 2017-2018 in Great Britain, according to the
HSE-2019 report cited by Ahmad et al., job-stress
related infirmities were established as major reasons
for 44% of the occupational ill-health cases which lost
around 57% working days [7, 8]. In a study on the
textile industry employees, 70% reported in the range
of moderate through severe stress levels [7] while
86% in another study which was carried only on the
managers [9]. Addressing stress related issue of the
employees of any organization is vital. This research
aims at investigating the effects or impacts of job-
related stress amongst the individuals employed in
textiles at Pakistan.

The textile and clothing industry is considered as the
biggest export-oriented manufacturing sector of
Pakistan. The textile industry is believed to be very
acute and central player in the country’s economy.
This sector gives 8.5% to the GDP and a source of
employment to about 30% of 49 million workforce of
the country. It adds up above 50% in the nation’s
entire out country sales. Within Asian countries,
Pakistan is fourth largest cotton producer and the 8th
leading exporter of textiles [10]. Like other sectors,
competitiveness is considered as one of the main
challenges being faced by the textile sector as well.
In fact, effective and optimal use of the human
resource is the fundamental variable that directly
affects productivity and quality. In this respect, top
management put high pressure on their employees
which is likely to produce stress. Currently markets
are becoming more competitive and globally well-
connected where work stress is becoming a more
prominent among the employees and its manage-
ment is becoming more challenging.

LITERATURE REVIEW

Occupational stress is accepted as a real well-being
problem for individuals, companies, and the society
at large. It is clear that WMSDs (work-related muscu-
loskeletal disorders) are the outcomes of the inter-
face of manifold stressors linked with the work itself,
the work organization, the work environment and
other personal factors [11, 12]. It impacts the human
body unfavourably and negatively affects the organi-
zational and individual performance [13, 14]. Reduction
in efficacy, capacity to work as per plans, enthusi-
asm; dearth of creativity, lack of compassion for the
organization, and augmented happening of “per-
ceived contract breach” are also among the conse-
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quences of stress [15—18]. Job stress linked with dis-
agreement and intense work-load is substantiated to
be considerably and adversely related with almost
entire aspects of job satisfaction (career opportunities,
physical environment, job enrichment, management
style, job security and rewards) [19]. Subsistence of
negative inter-relationship has been observed in-
between workplace stress and the individuals’ job
performance [20]. As far as the well-being of the
employees is concerned, job-stress is an established
issue for the stakeholders. As stress affects all the
organizational functions, hereafter proper delibera-
tion is needed for its prevention and control [21].
Stress is a complex phenomenon so it is imperative
to comprehend all of its acquaintances. The earlier
stress-related reviews mainly speak about medical
services, sports, teaching, and occupations in gener-
al [15, 22-24]. The stress-related literature pertaining
to the textile industry is scarce, even the literature to
play with does not wrap up the entire sector [25].
Moreover, as mentioned earlier that little emphasis
has been given to explore stress phenomenon in
industrial environments in detail especially textile
sector organizations of developing countries like
Pakistan where deployment of efficient research
activities is indispensable [26]. Keeping in mind the
complexity of the stress and its management, in this
article, we have tried to address a very important
question that how stress impacts the individuals as
far as their psychological; behavioural; physical; and
performance and effectiveness conditions are con-
cerned. In this way, this research attempts to further
unfold work stress phenomenon that can help in
developing a better understanding of the process and
how it is linked with different demographic variables
so that more logical and effective intervention mech-
anisms could be designed and implemented.

MATERIALS AND METHODS

In order to explore the occupational-stress effect fac-
tors among the employees of textile and clothing
industry a self-designed research instrument was
used to obtain the opinions of the subjects of the
study. Thereafter, the data collected was analysed.

Study subjects

Overall, 1212 personnel were at random chosen for
the data collection. The personnel positioned at all
levels, in the four major sub-sectors of the textile and
clothing industry, explicitly: fibre and fabric manufac-
turing (spinning and weaving); socks manufacturing;
apparel manufacturing and home textiles, were cho-
sen to take part in the poll. Data was collected from
23 diverse organizations. Employees of these orga-
nizations, irrespective of their gender were qualified
to be the subjects of the study. For the purpose of col-
lecting an overall perspective of the employees of
textile organizations, personnel working at all levels
of the organizations were selected for this study. All
of them were from divergent branches of the compa-
nies under study.
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Opinion poll

So as to reach the desired objectives of this cross-
sectional study, data was gathered by making the use
of a survey which was the collection of variables
relating to the impacts of workplace stress. Prior to
commencing the poll, well-prepared staff educated all
the subjects about the intention behind the activity,
structure of the poll and how to record their respons-
es. While filling the survey, the trained research staff
remained reachable to answer back the questions of
participants. Also, every review was instantly ensured
for missing information and the subjects were insist-
ed for the same. Respondents were informed as the
surveys are anonymous and no specific information
will be shared with anyone at any stage of the
research and the information will be used only for
research purpose.

Instrument

A self-designed Instrument was used to attain the
study objective. It is the part of the instrument
designed for a big research project, though its devel-
opment is not the purview of this study, and has been
used by authors [27]. It was composed of 22 items
framed to explore the effects of workplace stress on
the individuals belonging to manufacturing sector
organizations. The opinions of the respondents were
taken on a 5-point Likert type scale ranging between
1 (signifying no impact) and 5 (signifying high
impact): 5 = Always, 4 = Often, 3 = Sometimes, 2 =
Seldom, 1 = Never. The respondents were required
to opt for any number of the scale as a response and
the responses were then summed to calculate the
impact score; where higher scores indicated higher
impact and vice versa. Assertions were typically like:
| suffer from frequent depression. The instrument
was instituted as the most consistent as had the
Cronbach’s alpha value 0.924.

Statistical procedures

Descriptive analyses besides Exploratory Factor
Analysis (EFA) utilizing Principal Component
Analysis as the Extraction Method and Oblimin with
Kaiser Normalization as the

was determined by means of computing the
Cronbach alpha coefficient [33]. Furthermore, two
descriptive statistics, arithmetic means, and standard
deviations were calculated for each factor. The
response score of individual items for each point of
the Likert scale was aggregated to determine a sum-
mary score. SPSS version 23.0, for Windows, was
employed to generate the results of the study.

RESULTS AND DISCUSSION

Exploratory Factor Analysis

Prior to deploying EFA, sample adequacy for the fac-
tor analysis of the information gathered for identifica-
tion of the effects of occupational stress was
assessed through the KMO measure of sample ade-
quacy and Bartlett’s test of sphericity. Bartlett’s test of
sphericity provided a value of zero that is acceptable
as it’s less than 0.05 while the KMO test shows value
0.946 which is also acceptable (table 1). The quality
of the correlation among the variables has been con-
cluded strong and hence data is appropriate for mul-
tivariate investigations such as factor analysis.

Table 1
KMO AND BARTLETT'S TEST
Indicator Value
Kaiser-Meyer-Olkin Measure of Sampling
0.946
Adequacy
Approx. Chi-Square | 11296.647
Bartlett’s Test
of Sphericity df 231
Sig. 0.000

After employing Principal Component Analysis as an
extraction method; rotating the component matrix by
employing Oblimin with Kaiser Normalization and uti-
lizing the factors’ retention principle based on the
Eigen value where the factors having value greater
than 1 are to be retained, four factors were identified
(table 2). Scree plot criterion recommended for reten-
tion of the factors also confirmed 4 factors (figure 1).

Rotation Method were used to

Scree plot

ascertain the effects of stress.
EFA has been widely used by the
researchers in exploring a set of
latent constructs underlying a
series of calculated variables, for
example, Bayraktar et al. used in
case of employee involvement
and rewarding [28-32]. Before
doing this, validation of the appro-
priateness of EFA as an explorato-
ry tool was determined by employ-
ing Bartlett’s test of sphericity in
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addition to the KMO (Kaiser- i
Meyer-Olkin) measure of sam-

T
4

T T T
L 7 8

Component number

T T T T T T T T T T T T
3 s a 10 11 12 13 14 15 186 17 18

pling adequacy. After identifica-
tion of the factors, their reliability
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Fig. 1. Scree Plot (N=1212)
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Table 2

EXPLORATORY FACTOR ANALYSIS
Item descrlg:f:bgilﬁ,esna\ll:ll::sé;l::atngeD)proportlon, Factor loading| Mean (SD)

Factor 1: Psychological (7.21; 40.08%; 0.87; 1.88 * 0.74)

1 | suffer from frequent depression 0.811 1.8 (1.0)

2 | often suffer from sleeplessness 0.806 2.0 (1.0)

3 | used to avoid people 0.803 1.9 (0.9)

4 | often suffer from anger/ hostility 0.706 1.9 (1.0)

5 | have had dizzy spells 0.697 1.7 (0.9)

6 | experience worsening relations with colleagues, family and friends 0.654 1.9 (1.0)

7 | often suffer from anxiety 0.591 2.0 (1.0)
Factor 2: Performance and Effectiveness (1.35; 7.52%; 0.79; 2.15 +/0.81)

1 My judgment is clouded or not as good as it was 0.846 2.2 (1.0)

2 | am ineffective in resolving family issues 0.775 2.0 (1.0)

3 Often, | am unable to complete the task as per schedule 0.762 2.2 (1.0)

4 Usually, | am unable to do all the things in a day that | must do 0.678 22(1.1)
Factor 3: Behavioural (1.33; 7.35%; 0.75; 2.26 +/+0.87)

1 | have become short tempered 0.862 24 (1.1)

2 | become very frustrated at having to wait in a queue 0.835 2.3(1.1)

3 | experience mood swings 0.491 2.1(1.0)
Factor 4: Physical Effects (1.06; 5.92%; 0.77; 2.15 +/0.76)

1 | have headaches —-0.806 2.1 (0.9)

2 | have felt tired —-0.802 2.4 (1.0)

3 Ilogvszért%r;iilgr;:);rgldlsgéersspasms/pains in my face, jaw, neck, chest, head, 0724 2.0 (1.0)

4 | lack physical energy -0.629 2.0 (1.0)

The items which did not load onto a specific factor
with an item loading of 0.30 or greater were not
taken. Altogether, there were 18 items which meet
the criteria. These four factors explain variation of
60.87% which is more than the requisite value of
60% variance. In the subsequent paragraphs, further
details of the factors selected have been described.

Factor 1: Seven items laden on the factor where all
speaks about the psychological impact thus the fac-
tor is termed as Psychological. All the items loaded
well on the factor while three loaded heavily, above
0.80. It is an important factor as more than half of the
entire variance (40.088%) is explained by this only
component or factor. Nevertheless, mean of the com-
ponent on the 5-point Likert type scale is 1.88 with
standard deviation 0.74 (table 2).

Factor 2: Four variables subsist into the factor and all
of them have significant loading. Since all the vari-
ables attributes to the impact of work-stress on the
performance and effectiveness of the personnel, so the
factor is termed as Performance and Effectiveness.
As shown in table 2, factor mean is 2.15 with a stan-
dard deviation 0.81.

Factor 3: The factor 3 is emerged by the variance
derivation of three variables on the factor having fac-
tor mean as 2.26 with standard deviation 0.87. All the
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variables speak about the behavioural effects of
stress so termed as Behavioural (table 2).

Factor 4: Four variables describe factor 4 and each is
heavily loaded (table 2). As each relates to the phys-
ical impact on the individuals and hence the factor is
titted as Physical. The factor mean is 2.15 with stan-
dard deviation 0.76 (table 2).

Reliability

Table 2 also shows statistics for the Cronbach alpha
coefficient of every factor. Factor 1 has the highest
reliability coefficient value (0.873) and all the remain-
ing factors have values greater than 0.70 represent-
ing good reliability levels and distinctive evenness
[33]. The reliability coefficients are in agreement with
other studies available in the literature [34].

Correlations among the components

The component correlation matrix shown in table 3
depicts that inter correlation among the factors
emerged from deployment of EFA. It is obvious that
the correlations are beyond 0.5 except two which are
slightly above 0.5. It depicts that each component
explores distinctive aspects.

Previous stress related literature mainly pertains to
other sectors and is rare on textile industry. Even the
available does not cover the sector as whole [25]. In
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the areas other than textile, for example, fatigue, loss
of focus, occupational lake of interest, obstruction of
alertness, and monotony were found as effects of
stress in radiographers at Ghana, [35]. A study on the
shift workers found adverse effects on employees’
mental health and mood states [36]. Rapid turn down
in global cognition came out as the effect of severe
stress among older African Americans [37]. Evidently,
numerous studies, in the past, were conducted to on
stress. Though, very little work is found about the
potential effects of stress at work and particularly in
textiles. The present study focuses on a single sector
where attempt has been made to find out the stress
impact factors in textile industry by capturing a broad-
er perspective by covering almost all types of textile
organizations, explicitly fiber and fabric manufacturer,
socks manufacturer, apparel manufacturer, and
home textiles.

Table 3
CORRELATION MATRIX
Factors 1 2 3 4
Psychological 1.000
Performance and 0533 | 1.000
effectiveness
Behavioural 0.413 | 0.325 | 1.000
Physical effects -0.516 | -0.476 | -0.394 | 1.000

CONCLUSIONS

This research aims at capturing an insight of job
stress phenomenon in terms of its effects.
Deployment of EFA for finding effects of job stress
concluded four factors: Psychological, Performance
and Effectiveness, Behavioural and Physical as key
effect areas. Factors described a 60.87% total vari-
ance where Psychological factor happened to be the
most significant factor in terms of variance explained.
However, more employees have reported having

behavioural impact followed by physical; and perfor-
mance and effectiveness impacts. Health outcomes,
namely anxiety, depression were identified as the
effects of stress in RMG at Bangladesh [25]. Both the
symptoms relate to the Psychological factor, the most
significant factor explored in the current examination.
The situation is much worrying and needs interces-
sions. This article contributes a comprehensive and
prioritized list of factors pertaining to the effects of job
stress among the individuals employed in textiles.
Findings of this work further highlight that work stress
is a multifarious phenomenon which is subjective to
number of internal as well as external factors; so
before devising some control or prevention strate-
gies, it should be investigated appropriately at some
earlier stage so that effectiveness of the interventions
might be enhanced. Findings of this work can be
used by the stakeholders in devising interventions
which, apart from controlling the phenomenon, may
lessen its effects on the individuals. For instance,
here Psychological has been emerged as the most
significant effect so the strategies can target this par-
ticular factor. In short, the strategies can be ‘findings
specific’. Future work might be done on finding the
relationship between different causes of job stress
and how a particular cause is linked with a specific
effect. This will help in developing and applying
stress controlling strategies in a more logical and
realistic way so that their effectiveness might be
increased. Such kind of studies can further help in
understanding the phenomenon that can ultimately
leads towards the development of more realistic
intervention models. In this way, challenges like
human variability, diversity and socio-technical com-
plexities of modern working systems can be
addressed in a better way.
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ABSTRACT - REZUMAT

Textile prostheses in abdominal and pelvic surgery

Textile prostheses have been used in abdominal surgery since ancient times. Industrial development of the last one
hundred years changed it from simple cloth to highly improved materials that are better integrated and provide superior
functional outcomes.

Understanding of the physicochemical properties of surgical meshes is essential for the rational choice of the optimal
device. This needs to be closely adapted to mechanical and biological conditions of the anatomical region that will be
placed in. The quality of the materials and the manufacturing technique are also of great importance, influencing both
the mechanical parameters and the integration of the prosthetic material. Although a hard-to-reach concept, the ideal
mesh should have high porosity, a monofilamentous structure and it should be composed of durable, non-carcinogenic,
non-allergenic, and highly biocompatible materials. These qualities will ensure a good integration of the prosthesis and
will make it easy to handle intraoperatively, resulting in a satisfactory clinical outcome.

Based on the above considerations, this article aims to bring to light useful manufacturing information regarding textile
prostheses used in surgical reconstructions, in order to support surgeons in making the correct and rational choice of
the prosthetic material, based on its physicochemical properties, thus avoiding postoperative complications.

Textile implants apply to various surgical fields such as abdominal or thoracic wall reconstruction, visceral defect repair,
pelvic floor stabilization or tissue replacement.

Postoperative complications of mesh use include chronic pain, infection, ulceration of the wound, adhesion formation,
intestinal obstruction, recurrence of parietal defect, rejection of the prosthesis, and mesh granuloma.

Keywords: surgical mesh, hernia, transobturatory tape procedure, mechanical properties, structural parameters

Protezele textile in chirurgia abdominala si pelviana

Protezele textile au fost utilizate in chirurgia abdominala inca din cele mai vechi timpuri. Dezvoltarea industriala din
ultimii o suté de ani a schimbat proteza textila de la o simpléd pdnzé la materiale extrem imbunététite, care sunt mai bine
integrate si ofera rezultate functionale superioare.

Intelegerea proprietétilor fizico-chimice ale plaselor chirurgicale este esentiald pentru alegerea rationald a dispozitivului
optim. Acest lucru trebuie adaptat indeaproape la conditile mecanice si biologice ale regiunii anatomice in care va fi
plasat. Calitatea materialelor si tehnica de fabricatie sunt, de asemenea, de o mare importanta, influenfand atat
parametrii mecanici, cét si integrarea materialului protetic. Desi este un concept greu accesibil, plasa chirurgicald ideala
ar trebui s& aiba o porozitate ridicata, o structurd monofilamentard si ar trebui sé fie compuséa din materiale durabile,
non-cancerigene, non-alergenice si extrem de biocompatibile. Aceste calitéti vor asigura o bund integrare a protezei si
vor facilita manipularea intraoperatorie, cu un rezultat clinic satisfacator.

Pe baza consideratiilor de mai sus, acest articol isi propune s& aduca la lumind informatii utile de fabricatie privind
protezele textile utilizate in reconstructiile chirurgicale, pentru a sprijini chirurgii in alegerea corecta si rationald a
materialului protetic, pe baza proprietéatilor sale fizico-chimice, evitdnd astfel complicatiile postoperatorii.

Implanturile textile se aplica in diverse domenii chirurgicale, cum ar fi reconstructia peretelui abdominal sau toracic,
repararea defectelor viscerale, stabilizarea planseului pelvin sau inlocuirea tesuturilor.

Complicatiile postoperatorii ale utilizarii plaselor includ durerea cronicd, infectia, ulceratia plagii, formarea aderentelor,
obstructia intestinald, recurenta defectului parietal, respingerea plasei si granulomul de fir.

Cuvinte-cheie: plasa chirurgicald, hernie, procedeul benzii transobturatoare, proprietati mecanice, parametri structurali

INTRODUCTION Praxagoras of Kos as surgical pathology which need-
ed immediate treatment [1]. As Hippocrates reveals,

Reconstructive surgery for inguinal hernias is one of traces of textile materials sutured with golden threads

the most frequent surgeries involving textile prosthe-
sis (meshes). Hernia has been first mentioned in his-
tory in the 161" century BC, when recognized by
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were found in Egyptian sarcophaguses.
Subsequently, there were used silver filigrees, repre-
senting the first mesh created by the ancient Greeks
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[2]. The term “prosthesis” actually comes from the
ancient Greek prostithémi, as prés means “near” or
“attachedv and tithémi means “to place” [3].
Theodore Billroth, a pioneer in modern prosthesis
production, suggested, in 1890, that textile materials
were the solution for parietal defects. Many types of
materials were used over time, but each of them
failed as complications or recurrences occurred,
amplifying the bias linked to surgical meshes. In
1995, Francis Usher turned his attention to synthetic
materials as Nylon, Orlon acrylic fibres, Dacron or
Teflon, which could solve issues related to complica-
tions or recurrences, but had their own inconve-
niences. Afterwards, he used polymeric materials
and created woven meshes initially, then knitted,
which proved remarkable qualities. In 1958, he pub-
lished his own surgical technique using a polypropy-
lene mesh and 30 years later the procedure became
very popular as “tension-free” mesh surgical repair,
known until today as Lichtenstein procedure.

A meta-analysis of 58 randomized trials, performed in
2002, proved the superiority of surgical meshes over
other tissue repair procedures used in hernia treat-
ment, regarding the recurrence rate (2.7% vs. 8.2%
in ventral hernias and a 50% to 75% decrease in
inguinal hernias recurrences) [4].

Nowadays, over 200 types of textile meshes are
available worldwide for tissue reinforcement surg-
eries of the abdominal wall, pelvic floor, diaphragm,
or thoracic wall [5]. A correct and rational choice of
the optimal textile prostheses in abdominal and
pelvic surgery is of great importance in reducing, as
much as possible, the risk of postoperative complica-
tions and poor clinical outcome.

CLASSIFICATION OF SURGICAL MESHES

Surgical meshes can be classified by the type, prop-
erties, and structure of the fibres that compose them.
Depending on the fibre type, meshes may be: bio-
logical (acellular collagen matrix from human, bovine
or porcine dermis, bovine pericardium or porcine
intestinal submucosa) or synthetic, which, in turn,
may be polymer (polypropylene — PP, polytetrafluo-
roethylene — PTFE, including the expanded form
ePTFE, polyester, polyethylene terephthalate — PET,
polyvinylidene fluoride — PVDF, polylactide — PLA,
polyglycolic acid — PGA, polycaprolactone — PCL,
polydioxanone — PDO, monocryl, hyaluronate),
metallic (titanium) or composite (multiple layers of
combined materials).

Regarding fibre properties, there are absorbable or
non-absorbable meshes.

According to the fibre structure, implantable textiles
could be monofilament or multifilament.

Another classification criterion is porosity.
Consequently, meshes are micro-porous, macro-
porous or submicron.

Finally, based on their density (weight), meshes may
be ultra-lightweight (<35 g/m2), light-weight
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(35-69 g/m?), standard (70-139 g/m?) or heavy-
weight (= 140 g/m?) [2, 6-8].

PROSTHETIC MATERIAL INTEGRATION

Any prosthetic material implantation is rapidly fol-
lowed by a complex series of events that mark the
beginning of tissue healing. This process occurs in
3 successive stages: inflammation, cellular prolifera-
tion, and tissue remodelling.

After implantation, the prosthetic material absorbs
proteins, creating a coagulum that contains albumin,
fibrinogen, plasminogen, complement factors,
immunoglobulin. The next stage is platelet aggrega-
tion and degranulation, with release of chemotactic
factors that will recruit neutrophils (thus starting the
acute inflammation process), monocytes, T lympho-
cytes, fibroblasts. The primary role of neutrophils is to
destroy bacteria and cellular debris. Also, cytokines
are released and play a role in angiogenesis and col-
lagen synthesis. After PMN cells destruction, compo-
nents that act like mediators and sustain inflammato-
ry process are released on the surface of the
implanted material [9].

Proliferation stage (days 4 to 12) is characterized by
granulation tissue formation. During this stage,
fibroblasts recruited by the chemotactic factors prolif-
erate. Components of the extracellular matrix are
synthesized and contribute to the structural integrity
of the conjunctive tissue. Stimulated by the
chemokines and by the growth factors, endothelial
cells proliferate, migrate, and take part in the angio-
genesis process. Angiogenesis requires ATP, oxygen
and nutrients and is an essential stage in the tissue
healing process. Regarding the prosthetic material-
tissue interaction, three histological aspects are of
major importance: the extent of tissue reaction, cellu-
lar density, and fibroblast activity. The optimum quan-
tity of fibroblasts required for an adequate healing is
reached 2 weeks after contact (aggression).
Additional recruitment of fibroblasts leads to inflam-
mation with associated fibrosis and more rapid inte-
gration of the prosthetic material. As a result, pain
and paresthesia may occur. The inflammatory process
may lead to adhesions and subsequent fistulas [9].
The last stage of tissue healing consists in extracel-
lular matrix reorganization. The thin fibres of imma-
ture collagen thicken and reorganize, transforming
into mature type 1 collagen. Myofibroblasts reduce in
size and produce tissue shrinkage, to reduce colla-
gen deposition. The retraction is accentuated by
cross-linking of the collagen fibres. There is a con-
stant turnover of collagen in the extracellular matrix,
both at the level of the tissues undergoing healing
and during the normal tissue homeostasis, which is
ensured by the balance between collagen production
and its degradation, under the action of collagenase,
a metalloproteinase whose activation is controlled by
cytokines and growth factors. This balance is the ulti-
mate determinant of tissue integrity and resistance [9].
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Prosthetic material integration is a progressive pro-
cess. It starts with the first stage of the tissue healing
process. Tissue resistance increases during the mat-
uration and remodelling stages (may last up to 12
months). The result is a rigid tissue with 70-80% of
the initial structure’s elasticity [9].

Latest research on parietal defects brought valuable
information regarding the structural and functional
parameters of surgical meshes that may influence
the immune response or may reduce fibrosis.

PHYSICOCHEMICAL PROPERTIES

The quality of the implanted material has an impact
on the benefit-risk balance of the surgery [5].
Understanding of the physicochemical properties of
surgical meshes is essential for the rational choice of
the optimal device [10].

Mechanical parameters

Tensile strength

Tensile strength is the maximum force that can be
applied to a mesh, without causing it to deteriorate or
break, accidents that could lead to an unsatisfactory
clinical outcome or complications such as recur-
rence. Thus, the material from which the mesh is
constructed must withstand the maximum tension
that can be generated at the level of the abdominal
wall. This was measured in multiple studies, having
individual variations and depending on the anatomi-
cal region (maximum 39 N/cm at the white line,
28 N/cm in the transverse direction, or 16 N/cm in the
groin region [11-14].

Elasticity

Elasticity is the property of a material to return to its
original shape and dimension, following the deforma-
tion produced by force acting on it.

The use of meshes for the surgical treatment of inci-
sional hernias increases the parietal elasticity, thus
decreasing the recurrence rate. At tensile strength of
16 N/cm, light meshes develop elasticity of 20-35%,
while heavy meshes reach halved values (4—15%).
At the same time, using a mesh with improper ten-
sion can lead to a change in its elasticity, having an
impact on the functional results, as well as generat-
ing complications such as pain, prolapse or recur-
rence, the latter being more frequent at the edges of
the mesh [15, 16].

Structural parameters

Porosity

Porosity is the main determinant of tissue reaction to
implanted material [6]. Cellular and bacterial prolifer-
ation depends to a large extent on the porosity, both
in terms of pore size and their shape change, occur-
ring through the tensioning of the mesh, having,
along with the mechanical, structural or mesh size
characteristics, a major influence on its integration
[15]. Porosity is generally defined as the percentage
of the mesh not covered by filaments. This notion
defines the “textile” porosity, while the effective
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porosity, a term introduced by Muhl et al., is repre-
sented by the percentage of the mesh not covered by
the fibrous bridges (formed by the confluence of the
granulomas) and is ensured by keeping a minimum
inter-filament distance. Studies showed that macro-
porous meshes with PTFE coating were correlated
with the lowest rate of inflammatory response, while
micro-porous meshes exhibited a larger inflammato-
ry response and were more frequently associated
with complications such as infection or pain [17].
Multiple classification attempts have resulted from
the difficulty of establishing the ideal size of the
pores, as this is influenced by the type of the com-
posing fibres, but also by the pore geometry [15, 18,
19]. Macro-porous meshes develop inflammatory
reaction, fistulas, calcification of small magnitude
compared to micro-porous ones and will have better
flexibility, by avoiding the formation of fibrosis
bridges. Micro-porous polypropylene meshes, are
more susceptible to bridging, leading to encapsula-
tion of the prosthetic material, resulting in a flat, rigid
scar. Also, the pore geometry can have an impact on
the integration of the meshes, the hexagonal pores
demonstrating the best tissue impregnation, followed
by the square and the rhomboid ones [20].

Density (weight)

The density of the prosthetic material depends on the
weight and quantity of fibres from which it is manu-
factured. Heavy meshes (generally > 100 g/m?) are
made of thick polymeric fibres, are micro-porous and
have high tension, while light meshes contain thinner
filaments, have large pores (> 1 mm) and, therefore,
a small amount of material, resulting in a low-intensi-
ty foreign body reaction, with higher mesh integration
and fewer complications [2]. Light meshes are also
more elastic and the new generation of ultra-light
composite (titanium/polypropylene) meshes offers
faster post-operative recovery, sometimes in
exchange for reduced tensile strength (12 N/cm), in
the case of the lightest ones in this category [6, 21].
Although it is generally considered an advantage, the
low weight can also have shortcomings, the
lightweight meshes being more elastic and flexible,
which can create problems in their intra-operative
handling. This may be solved by adding absorbable
filaments that will increase the weight and, conse-
quently, the manoeuvrability of the prosthetic material.

Composition

Synthetic meshes

The surgical meshes are made of monofilament or
multifilament yarns. Monofilament yarns provide sat-
isfactory support, but form a rigid and slightly foldable
mesh. By contrast, the meshes made of multifilament
yarn (twisted or braided) are softer and can be folded
more easily, but they present a higher risk of infec-
tion, leading to the erosion of the mesh in 20-30% of
cases. Bacterial adhesion and proliferation occur
mainly in the small spaces (<10 um) between the
yarns or between the filaments that compose the
yarns [22].The fibres that form the mesh are, in turn,
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made of various materials, so that the meshes can be
synthetic, biological or composite, absorbable or non-
absorbable [1], the ultimate goal being to ensure the
best biocompatibility, thus preventing complications
such as recurrence of hernia, abdominal pain, infec-
tion or seroma formation [23]. The most commonly
used non-absorbable synthetic materials are
polypropylene, polyester and expanded polytetrafluo-
roethylene (ePTFE).

Polypropylene is a widely used polymer due to its
special strength, comparable to that of steel.
Available polypropylene meshes, single- or multi-fila-
ment, are either coated — for intra-peritoneal use, or
uncoated — for extra-peritoneal mounting (figures 1
and 2). Both forms can cause complications, mainly
due to the weight of the mesh. These consist of an
intense inflammatory response, with the formation of
thick scars and mesh shrinkage (up to 30-50%),
which may eventually cause the recurrence of the
hernia. Lately, in an attempt to prevent these short-
comings, ultra-light meshes have been created,
which generate a less rigid abdominal wall-mesh
complex, with greater mobility and significantly
reduced pain [1]. In general, polypropylene is consid-
ered to be an inert material, stable and sufficiently
resistant over time, offering a suitable service life in
vivo [24].

Polyester meshes are multiflament meshes, made of
PET, which can generate resistant fibres [1,2]. These
meshes have advantages such as minimal adhesion,
reduced stiffness and contraction or better integration
and are available in multiple configurations for repair
of inguinal, ventral or hiatal parietal defects, mainly
by classical approach. In order to be intra-peritoneal
mounted, these meshes are coated with collagen,
which prevents adhesion to the intestines and com-
plications occurrence. The multiflament nature of the
fibres that compose them results in an increased sus-
ceptibility of these meshes to postoperative infections
and fistulas. During infections, mesh degradation is
accelerated, which may lead to recurrence of hernia.
Regarding the inflammatory response generated, the
adverse reactions or the complications occurrence

Fig. 1. Polypropylene mesh used in inguinal hernia repair.
Courtesy of “Carol Davila” Central Military Emergency
University Hospital, Department of General Surgery
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rate, these are comparable to those of polypropylene
meshes [1, 22].

ePTFE is used in the manufacture of micro-porous
meshes, having disadvantages like: poor tissue inte-
gration, with encapsulation and possible parietal
defect recurrence, or increased risk of infection — as
small pores allow bacterial passage, but not that of
macrophages, so that an infected encapsulated
mesh will have to be explanted [2, 22]. Compared to
PP and PET, ePTFE causes minimal inflammatory
reaction and formation of scar tissue with comparable
densities, which makes it suitable for intra-peritoneal
use, allowing it to be placed in contact with viscera.
However, it has low resistance, so it is important to be
well fixed [1, 2].

Composite meshes

To prevent visceral adhesion, synthetic surgical
meshes can be coated with absorbable or non-
absorbable materials. Those are attached to the sur-
face that will come in contact with the viscera, form-
ing a protective barrier, which will diminish the
inflammatory response. The substances used to cre-
ate barrier layers can be: ePTFE, polyurethane, oxi-
dized regenerated cellulose, omega-3 fatty acids,
collagen or Beta-glucans.

Another method to reduce the tissue reaction is to
use partially absorbable meshes, which reduce their
density by up to 50% in up to 9 months after implan-
tation. Reducing the amount of biomaterial leads to
the reduction of inflammation and results in enlarge-
ment of the pores, facilitating the integration of the
prosthesis [1, 24].

Also, to prevent complications, dual meshes can be
used, which will benefit from the advantages of both
materials. Those made of polyester and PTFE, hav-
ing different chemical properties and porosity, will
allow a good integration at the level of the abdominal
wall, preventing visceral adhesion. Recently, dual
meshes of polyester or polypropylene with temporary
barriers were created, as, according to studies, vis-
ceral adhesions occur in the first postoperative
week [1].

Fig. 2. Polypropylene mesh used in umbilical hernia repair.

Courtesy of “Carol Davila” Central Military Emergency
University Hospital, Department of General Surgery
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Biological meshes

Hernia repair may be a major challenge in case of
complex parietal defects, which require open surgery
and which involve contamination or infection. In these
circumstances, the use of a biological prosthesis may
be considered, both at the time of closure per primam
and at revision, in order to avoid further interventions
in advanced stages, with high morbidity. Biological
meshes have been successfully used in over 75% of
the ventral defects repair, under contamination condi-
tions, while, under aseptic conditions, the rates reach
even 90% [2].

The biological materials are derived from human or
porcine dermis, fetal tissue, bovine pericardium or
porcine intestinal submucosa, tissues that are decel-
lularized and will only have a supporting role, provid-
ing the collagenous matrix on which the future con-
nective tissue will be attached. Removal of cellular
components offers the advantage of eliminating the
inflammatory response and immune-mediated rejec-
tion, while retaining structural and functional proteins,
glycosaminoglycans, glycoproteins or growth factors,
which will predominantly modulate the tissue healing
response, disfavouring scar tissue formation.
Biologic materials can also induce angiogenesis,
being successfully used in contaminated interven-
tions and having shown some degree of resistance to
adhesion formation [4].

Although extremely promising for repair surgery, bio-
logical prostheses, however, have shortcomings
such as low resistance of the newly formed connec-
tive tissue (70-80%), with high long-term recurrence
rates, or the possibility, at least theoretically, of trans-
mitting other diseases. All of these come at a rela-
tively high cost, thus limiting their use [4].

Mesh manufacturing

Meshes can be woven or knitted. By bending the
yarns, the latter form much more flexible and elastic
structures than the woven ones, whose yarns have a
unilateral orientation. Knitted meshes adapt more
easily to the anatomical changes generated by the
movement of the body, can generate higher tensile
strengths and have a good porosity, key features of
any implantable material. Also, the knitting process
generates a stable structure, which does not loosen
or peel off when cut. Implantable knitted textiles,
monofilament or multiflament, composed of various
materials are successfully commercialized and used
worldwide [4].

INDICATIONS

Surgeons should choose a mesh adequate to the sit-
uation. Prosthetic meshes are categorized according
to their purpose: i) abdominal or thoracic wall recon-
struction; ii) visceral defects repair; iii) pelvic floor sta-
bilization (rectal or vaginal prolapse); iv) tissue replace-
ment (skin graft, endovascular graft for by-pass).
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A lightweight mesh, with high porosity and minimal
contact surface, ideally monofilament, is usually pre-
ferred. Therefore, polypropylene or polyester meshes
are commonly used due to their viability and low
infection rate. The ideal mesh should be monofila-
ment, with high porosity, anisotropic properties and
biocompatible with the host [10].

In general surgery, meshes are electively used to
repair abdominal wall defects. Placing a mesh can be
done by classic surgery (Rives-Stoppa, Lichtenstein)
or laparoscopic (TAPP, TEP, IPOM).

Indications for surgical mesh are: recurrent hernias,
an abdominal defect larger than 4 cm, incisional her-
nias, multiple hernias, defects in proximity of bones,
older patients, and presence of ascites, obesity, con-
junctive tissue abnormalities, important weight loss or
the need for a fast recovery. One special indication is
the incisional hernia after minimally invasive surgery
like laparoscopic techniques or robotic surgery tech-
niques. Robotics is a minimally invasive technique,
similar to laparoscopic surgery, in which working
tools are inserted through small incisions of 5-15 mm
in the peritoneal cavity through which cannula are
introduced to work [25].

For plastic and reconstructive surgery, biomaterials
are used in order to support and repair soft tissue.
These biomaterial prosthetics are indicated for
breast, hand, or face reconstruction [26]. In gynecol-
ogy, meshes are used to strengthen the pelvic floor in
order to treat prolapse or urinary incontinence.
Transobturatory tape procedure is efficient in low
morbidity cases and it may become the new gold
standard for treating this affection in women [27].
However, there are some complications associated
with this procedure such as: rupture or contraction of
the vaginal mesh, dyspareunia, dysuria, recurrent uri-
nary tract infections, haemorrhage, and uterine pro-
lapse recurrence. In case of pelvic prolapse,
polypropylene and polyester meshes are the most
susceptible to erosion [28].

COMPLICATIONS

The complications are minimal if the selected materi-
al is suitable for the surgical situation and is com-
bined with a meticulous operating technique. Post-
operative complications include chronic pain,
infection, ulceration of the wound, adhesion forma-
tion, intestinal obstruction, recurrence of the parietal
defect, rejection of the prosthesis and mesh granulo-
ma or “meshoma”.

CONCLUSIONS

The right choice of a suitable mesh for the surgical
context is of vital importance. In the case of abdomi-
nal wall surgery, regardless of the surgical technique,
it has to take into consideration the selection of a
mesh with the right mechanical properties (tensile
strength, elasticity, weight, pore size, biocompatibility,
etc.) for the physiological characteristics of the
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patient (such as age, defect size, obesity, underlying
disease process, etc.). Compatibility between these
two factors is important because it can lead to a good
postoperative outcome or it can be the source of
complex and recurrent complications. Acquiring
knowledge about these materials by the surgeon is
necessary for adapting it to the situation. Therefore,
in most of the cases, a monofilament light-weighted

mesh with large pores is useful, whereas if the mesh
is to be placed in contact with the viscera, a compos-
ite mesh with an absorbable surface should be cho-
sen; in cases with infection, an absorbable mesh is
recommended. Despite the variety of materials avail-
able for surgical meshes, surgical skill still has a high
role in preventing hernia recurrence and other types
of complications.
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ABSTRACT - REZUMAT

Diversification opportunities in European stock markets and their impact on textile industry development
based on a financial education approach

This research study explores the diversification opportunity among 18 European stock market indices for the sample
period from January 2001 to December 2019. However, financial education plays an important role in the development
of the textile industry, considering the dynamics of the companies listed on the European stock exchanges. The
correlation matrix, pairwise cointegration and Johansen cointegration reveal that selected 18 European stock market
indices do not reduces the portfolio risk because exhibit higher positive correlation among them, and their movement
pulsed in tandem. Potential investors are attracted by high investment opportunities in order to maximize their return
based on portfolio diversification. Financial education can effectively contribute to the sustainable growth of the textile
industry in Europe. This empirical research provides an integrated perspective on the long-term evolution of certain
major European stock exchange indices. The findings have significant implications for investors interested in selecting
these European stock indices in order to diversify their portfolio risk. Our study also imply that selected stock indices
have been strongly affected by similar political and financial belies across Europe thus, eliminating the possibility of
portfolio risk diversification.

Keywords: portfolio diversification, correlation, Johansen cointegration, textile industry, financial education, stock
market

Oportunitati de diversificare pe pietele bursiere europene si impactul acestora asupra dezvoltarii
industriei textile pe baza unei abordari privind educatia financiara

Acest studiu de cercetare analizeaza oportunitatea de diversificare existenta intre 18 indici bursieri europeni pentru
perioada de esantionare cuprinséd intre ianuarie 2001 si decembrie 2019. Cu toate acestea, educatia financiard joaca
un rol important in dezvoltarea industriei textile, avénd in vedere dinamica companiilor cotate pe pietele bursiere din
Europa. Matricea de corelatie, cointegrarea pereche si cointegrarea de tip Johansen relevé faptul c& cei 18 indici bursieri
europeni selectati nu reduc riscul de portofoliu, deoarece prezintd o corelatie pozitiva ridicata intre ei si miscarea lor
pulseaza in tandem. Investitorii potentiali sunt atrasi de oportunitatile investitionale semnificative pentru a-si maximiza
rentabilitatea pe baza diversificarii portofoliului. Educatia financiard poate contribui in mod eficient la cresterea
sustenabila a industriei textile din Europa. Aceastéa cercetare empirica oferad o perspectiva integrata asupra evolutiei pe
termen lung a anumitor indici bursieri majori din Europa. Constatarile au implicatii semnificative pentru investitorii
interesati sa selecteze acesti indici bursieri europeni pentru a-si diversifica riscul de portofoliu. Studiul nostru implica, de
asemenea, céa indicii bursieri selectati au fost puternic afectati de perturbatiile din zona politica si financiara, similare in
toata Europa, elimindnd astfel posibilitatea diversificarii riscului de portofoliu.

Cuvinte-cheie: diversificarea portofoliului, corelatie, cointegrarea de tip Johansen, industria textild, educatia financiara,
piata bursiera

INTRODUCTION effective scheduling and planning in the case of tex-
tile industry is a very challenging issue considering
that serious foreign competition influences the evolu-
tion of the market. Negoita et al. [4] suggested that
) ] s ] textile and leather industry sector faces a number of
and textile goods for domestic, decoration, technical threats, but a variety of opportunities can be exploited
and industrial purpose of consumption. According to  paged on suitable management strategies. Kiisters et
Tsa [2] traditional textile industry remains a labour- g [5] argued that smart textile products discharge a
intensive process, while the outcome constitutes a  high growth potential, but companies in the related
result of yarn spinning, weaving, dyeing and finish-  business sectors like textile machinery, automotive
ing. Moreover, Bullon Pérez et al. [3] argued that suppliers, and synthetic fibore manufactures have a

Bullébn Pérez et al. [1] highlighted the linkage
between textile industry and the real economy based
on the production of fibres, yarns, fabrics, clothing
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significant contribution to the development of the tex-
tile industry. Many of these companies are listed on
stock exchanges from all over the world, including in
Europe. It was suggested that the fierce competition
generated by globalization has various implications
for textile and garment manufacturers which resort to
lower production costs, increase their efficiency and
to create leaner value-adding processes.

Financial education programs are efficient in provid-
ing an optimal level of knowledge. Thus, new devel-
opment alternatives for the textile sector in Europe
can be identified. International investors focus on
potential correlation between stock returns of differ-
ent national capital markets in order to diversify port-
folio risks by allocating financial asset investments
[6]. Liivamagi [7] stated that education is perceived
as a main factor determining portfolio diversification
options of investors considering that it is correlated
with investor risk-taking behaviour on the stock mar-
ket. This research article provides an applied frame-
work on investment opportunities based on portfolio
diversification based on selected European stock
market indices. Understanding the behaviour of stock
markets requires a certain level of financial educa-
tion. The textile industry can achieve a higher level of
sustainable development by implementing financial
education programs. This research study involves an
interdisciplinary approach based on a complex
empirical investigation focused on broadening the
horizon of investment knowledge that could con-
tribute to the growth of the European textile sector.
Portfolio diversification in global financial market
indices is a well-known practice among various
investors to diversity their portfolio risk by holding risk
factor constant and maximizing their portfolio returns
and vice versa. Finance literature carries a stream of
studies to ascertain the possible opportunities avail-
able to diversify the portfolio risk among stock market
indices. One possible way to study such interplay
consists of estimating cointegration among stock
market indices. For instance, if stock market indices
have low or negative correlation to each other and
also cointegrated then they provide favourable diver-
sification opportunities. Segmented stock markets
are more promising for portfolio diversification rather
than integrated stock market [8, 9]. Previous litera-
ture explores the integration among developed stock
markets [8], developed with developing stock mar-
kets [10, 11], developing market with developing mar-
kets [12, 13] and among regional financial markets [9].
We explore the diversification opportunities in 18
selected stock market indices in Europewhich allow
us to examine opportunity of integration among mar-
ket that located in same geographical region, howev-
er, varies in terms of their regulatory bodies and
development phases. Our data of 18 stock indices
are subject to non-stationary therefore cointegration
Vector Autoregression (VAR) lag length is used as a
selection criterion to estimate the cointegration
among 18 sample stock indices. Analogous to past
studies, all 18 stock indices are highly correlated to
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each other that provide first evidence against diversi-
fication among these stocks.

Furthermore, Multivariate Johansen’s Co-integration
test also confirms the absence of any cointegration
equation. Nevertheless, pairwise cointegration test
echoes the existence of cointegration among many
stock indices however, they will not help to reduce
portfolio risk as correlation indicates they move in the
same direction and their movements are tandem. For
instance, if we construct a portfolio based on Stoxx
Europe 600E and FTSE Europe 100 E which has a
correlation coefficient 0.99, there is a pairwise coin-
tegration and there is a significant causality as well.
However, it will not reduce portfolio risk as both
indices have positive higher correlation which means
both are tandem.

LITERATURE REVIEW

Markowitz [14] designed the modern portfolio theory
in order to diversify and reduces the risk associated
to investment. However, the extent to which a risk
can be reduced not only depends upon the correla-
tion among securities returns, with in the portfolio, but
also correlation between portfolio returns and the
economy as a whole in which these securities are
being bought and sold. Spulbar et al. [15] suggested
that portfolio diversification investment strategy plays
a key role in managing stock market risks. Moreover,
Spulbar and Birau [16] highlighted that volatility does
not diverge to infinity but apparently it is character-
ized by a very different reaction depending on high
positive or high negative stock returns. The effect of
globalization, changes in technology and financial
innovations in financial markets were highly debated
in the era of 1970’s, and established that the trends
are higher level to take advantage from cross border
diversification. Thus, investors started investing into
foreign companies to diversify their portfolios. By
diversifying their portfolios internationally, these
investors also earn capital gain through exchange
rate fluctuations. According to World Bank report
financial markets around the world now becoming
international stock market places that provide an
opportunity to investors to fully diversify their portfo-
lios in various developing countries to achieve higher
returns with minimized level of risk. Bodie et al. [17]
found that internationally diversified portfolios have
risk less than half of the risk associated to the portfo-
lios that have been diversified by only US based
securities. There have been many studies subject to
empirical tests to examine the relationship between
stocks in the United States and stock market around
the world [18]. The fundamental reason behind com-
paring world stock markets with the United States is
the fact that the United States has not only been a
major investor in many countries but also enforces an
enormous political and technological influence on
countries across the world. This is the reason that the
United States has been considered a main driving
force for the world major stock markets. Maldonado
and Saunders [19] examine inter-temporal trends of
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the correlation coefficients between the monthly
stock returns on the United States based index with
the monthly stock returns of indices based in
Germany, United Kingdom, Canada and Japan from
1957 to 1978. The evidence supports the existence
of predictable relationship between these countries in
the short run; however, the weak and unstable corre-
lation is present in the stock markets in the long run.
Another study, Eun and Shim [20] analysed nine
major stock markets around the world, namely, the
United States, the United Kingdom, Australia, France,
Hong Kong, Canada, Germany, Japan and
Switzerland, and conclude that all these international
stock market follow the United State stock market.
On the other hand, Bessler and Yang [8] established
that the United State stock markets are also influ-
enced by the United Kingdom, Hong Kong, France,
Germany and Switzerland stock markets. These find-
ings are in line with the increasing rate of integration
of world economies with the United States. These
international markets are neither fully integrated nor
fully segmented which imply a potential opportunity
for investment diversification. Numerous studies
investigate the various stock markets to establish
integration among them, such as Ripley [21] studied
the covariance between stock prices around 19
developed stock markets and find stock prices partly
move uncorrelated to stock prices of other stock mar-
ket. Panton et al. [22] found weekly stock prices
exhibit stronger relationship among the stock mar-
kets of Canada, Netherlands, Belgium, United States
and Switzerland whereas lesser strong relationship is
found among France and Belgium, Germany and
Netherlands and England and Australia. On the other
hand, Spulbar and Birau [23] argued that stock mar-
ket interdependencies are a significant pillar in terms
of international portfolio diversification.

Arshanapalli and Doukas [24] examined Japan,
United Kingdom, Germany, France and United States
stock markets from 1980 to 1990 and found interde-
pendence among daily stock prices of these stock
markets with an incremental effect since 1987 except
Nikkei Index Japan. Corhayet et al. [25] studied
Australia, Singapore, Japan, Hong Kong and New
Zealand and found no evidence of a single trend
among these countries. Cheung and Mak [26] found
causal relationship between Asian and United States
and Japan stock markets where Asian stock markets
are led by United States stock market. A cointegration
test provides evidence that Hong, Kong, South
Korea, Singapore, Taiwan, United States and Japan
stock markets have weak form of market efficiency
where investors can obtain profits from international
diversification. Furthermore, Kwan et al. [27] exam-
ined Australia, South Korea, Hong Kong, Taiwan,
Japan, Singapore, United Kingdom, Germany and
the United States stock markets. They find a lead-lag
relationship among these stock markets which imply
that these markets are not weak form efficient.
DeFuscoet al. [28] found no cointegration among
United States and emerging Asian stock markets of
Thailand, Malaysia, Hong Kong, Taiwan, Korea,
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Singapore, and the Philippines in the 1980s and early
1990s. Korajczyk [29] found developing stock market
are more segmented as compared to developed
stock markets which provides an opportunity for
diversification.

Ghosh et al. [30] applied cointegration theory on daily
stock prices of Asia Pacific stock market to identify
whether these markets are driven by Japan and
United States. The results indicate that Indian,
Malaysia, Korea and Hong Kong stock market
exhibits long run equilibrium relationship with U.S.
stock markets. Whereas Singapore, Philippines and
Indonesia stock markets are related to Japan stock
market. Taiwan and Thailand stock markets are influ-
enced by both Japan and U.S. stock markets. Tuluca
and Zwick [31] applied Granger causality test on
stock indices on Asian and non-Asian stock markets
before and after the financial crises of 1997. They
find that the co-movement of stock prices among
these is stronger in Asian financial crises of 1997
than before. Antonio [32] studied long run relation-
ship in European stock markets through a co-integra-
tion test. The results reveal that there is not long run
relationship among these European stock markets.
Plummer and Reid [33] found Thailand, Indonesia,
Malaysia, Singapore and Philippines stock markets
are completely integrated and investors cannot attain
benefits of diversification in these countries.

Error correction vector autoregression (VAR) and
cointegration tests Chen et al. [13] found limited
aspects to diversify risk in Latin American stock mar-
kets. Hardouveliset al. [34] investigated the existence
of integration between stock market in eleven
European Union countries and UK stock markets.
They find higher integration in late 90 that leads to
the formulation of EMU but UK stock market is not
found to be integrated with other European Union
stock markets. Partial correlation-based networks
were used to estimate the linkages between global
equity markets. Singh et al. [9] revealed that regional
markets are more correlated while the negative cor-
relations exist in global markets providing diversifica-
tion opportunities.

DATA AND METHODOLOGY

The section sheds light on data and elaborates the
methodology. We collected daily data of 18 stock

market indices for Europe from 15t of January 2001 to

13t December 2019 from Data Stream. The selected
European stock market indices are the following:
STOXX EUROPE 600 E, EURONEXT 100, NEXT
150, FTSE EUROTOP 100 E, FTSEUROFIRST 80 E,
STOXX EUROPE LARGE 200, STOXX EUROPE
SMALL 200, STOXX EUROPE MID 200, FTSE W
EUROPE E, MSCI EUROPE E, FTSE EPRA Nareit
DEV EUROPE, MSCI EUROPE:SE, EMIX GLOBAL
MINING EUROPEAN E, EMIX SMALLER EUROPE
AER&DEF E, EMIX SMALLER EUROPE BANKS E,
EMIX SMALLER EUROPE BASIC MAT E, EMIX
SMALLER EUROPE BEV&TOB E, and EMIX
SMALLER EUROPE BUS PROV E. To ascertain the
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benefits of portfolio diversification, it is important that
stock must possess certain characteristics. If two
stock indices have higher negative correlation, they
will reduce the standard deviation or the portfolio risk
[35]. In this vein current study will estimates pairwise
correction to have a first glimpse of interplay among
18 stock market indices. Then multiple and pairwise
cointegration and Granger causality integration will
be examined. The following test will be applied to
ascertain the opportunity of diversification among
18 stock market indices.

Correlation Matrix

The correlation estimates the relationship between
two stock market indices. The correlation coefficient
runs between +1 to —1 where +1 indicates positive
movement between two indices and their relationship
is tandem whereas —1 exhibits negative movement.
Nevertheless 0 indicates no relationship at all. For
portfolio diversification it is important that two indices
must have negative interplay to reduce portfolio risk.
The relationship between correlation and portfolio
risk is estimated through following equations:
Var(R,) = w?var(R) + w?var(R;) +

+ 2(0,-wj cov(R,-Rj) (1)
where Var(Rp) is variance of Portofolio returns, (n%—
weights of stock i in portofolio, cov(R,-Rj) — covari-
ance between stock i and stock j, which is calculated
through following equation:

cov(R,-Rj) = SD(R)) * SD(Rj) * cor(R,-Rj) (2)
Thus, a lower or negative correlation between two
stocks reduces portfolio risk.

Unit Root Test

It is precursor for cointegration that all the data
should be stationary at same level. To obtain the exis-
tence of unit root test we apply Dickey Fuller
Augmented test on time series. The null hypothesis
states that data is stationary. The test estimates the
following equation:

Ye=0Yiq + iy @)
Where Y;is stock market index for a given day, Y;_4
— stock market index for previous day, ¢ — coefficient
and U, — error term.

Johansen’s Multivariate Co Integration Test

Two or more indices are said to be co-integrated with
each other if their movements are tandem. This test
examines if two or more indices are co-integrated
with each other or not in short run and long run.
Johansen’s Multivariate Co Integration Test uses the
following equation in this regard:

Atrace = =T X In(1 = Ai) (4)

where Ai is estimated eigen value and A trace — trace
statistic.
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Granger Causality Test

This test examines if one index causes another
index. This “cause” can be unidirectional or bidirec-
tional. If it is unidirectional it means that one index
causes another index. If the causality is bidirectional
it means that both variables are causing each other.

EMPIRICAL ANALYSIS AND RESULTS

This section provides empirical findings whether the
18 stock market indices echo the possibility of diver-
sification. Table 1 encapsulates the summary statis-
tics for international indices across 18 stock markets.
Total number of observations for each index is 4944.
Emix Smaller Europe Bus Prov E and Emix Smaller
Europe BEV&TOB E generate on average greater
returns with the highest mean returns of 0.05 where-
as lowest mean returns 0.0 belongs to Emix Smaller
Europe Banks E (please write country name here).
The standard deviation ascertains the level of risk
associated to each index. In this precept the returns
of Emix Global Mining European E (country name)
index exhibit greater risk, around 2.10, as opposed to
the risk related to EMIX Smaller Europe Bus Prov E
and Emix Smaller Europe Bev&Tob E which is 0.98.
Index that has greater level of risk experiences wider
level of variation between minimum returns (—15.85)
and maximum returns (18.27). The same can also be
observed that lowest return variation with maximum
(minimum) returns (8.55) —6.56 are associated to the
indices that have lower level of risk. Table 1 infers
that Emix Smaller Europe Bus Prov E and Emix
Smaller Europe Bev&Tob E yield higher level of
returns with lowest level of risk whereas all indices
that have lower returns associated with higher risk.

Table 1 also shows lower (higher) level of risk is
associated to index that have greater (lower) mean
returns. The correlation among the 18 selected stock
indices reveals if two stock indices behave indepen-
dent to each other or there is some level of associa-
tion exits. The degree of association between two
variables is measured through correlation coefficient
between +1 to —1 where +1 infer perfect positive and
—1 indicates perfect negative relationship between
two indices and no relationship if correlation coeffi-
cient is 0. However, for portfolio diversification there
should be some level of correlation required to diver-
sify the risk. Fabozziet al. [35] show portfolio stan-
dard deviation decreases, keeping expected returns
constant, when correlation between two assets
decreases. It can be observed from our empirical
analysis that majority of the sample stock indices
have higher correlation, which are in tandem. By
investing in such stocks will not decrease portfolio
risk. Substantial amount of literature support applica-
tion of Dickey Fuller test before using co-integration
between two series. Co-integration among indices
requires that time series must be stationary at same
level to rule out the possibility of any growth within
the series. To confirm the stationarity level of each
index, table 2 includes the results for Augmented
Dickey Fuller test for each index at level 0 and level 1.
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Table 1

DESCRIPTIVE STATISTICS

Sr. no. Index name No. of obs. Mean Std. Dev. Min Max
1 STOXX EUROPE 600 E 4944 0.01 1.18 -7.62 9.87
2 EURONEXT 100 4944 0.01 1.28 -8.56 10.87
3 NEXT 150 4944 0.03 1.08 -7.76 8.88
4 FTSE EUROTOP 100 E 4944 0.01 1.23 —7.86 10.33
5 FTSEUROFIRST 80 E 4944 0.01 1.37 -8.12 11.28
6 STOXX EUROPE LARGE 200 4944 0.01 1.21 -7.85 10.32
7 STOXX EUROPE SMALL 200 4944 0.02 1.1 -7.72 7.32
8 STOXX EUROPE MID 200 4944 0.02 1.13 -8.05 8.17
9 FTSE W EUROPE E 4944 0.01 1.19 -7.70 10.13
10 MSCI EUROPE E 4944 0.01 1.18 —7.61 10.05
11 FTSE EPRA Nareit DEV EUROPE 4944 0.02 1.12 -8.95 7.40
12 MSCI EUROPE S E 4944 0.03 1.02 -7.63 7.25
13 EMIX GLOBAL MINING EUROPEAN E 4944 0.04 2.10 -15.85 18.27
14 EMIX SMALLER EUROPE AER&DEF E 4944 0.04 1.24 —-6.89 6.12
15 EMIX SMALLER EUROPE BANKS E 4944 0.00 1.12 -11.48 9.61
16 EMIX SMALLER EUROPE BASIC MAT E 4944 0.03 1.12 -7.99 8.08
17 EMIX SMALLER EUROPE BEV&TOB E 4944 0.05 0.98 —6.56 8.55
18 EMIX SMALLER EUROPE BUS PROV E 4944 0.05 0.98 —6.56 8.55
Table 2
STATIONARITY DIAGNISTIC: UNIT ROOT TEST AT LEVEL 0 AND LEVEL 1
° iti Level 0 Level 1
Index name 1% Critical Remarks Remarks
value t-stat prob. t-stat prob.
STOXX EUROPE 600 E -3.43 -1.57 0.4987 | Non-stationary | —70.48 0 Stationary
EURONEXT 100 -3.43 -1.571 0.498 | Non-Stationary | —70.771 0 Stationary
NEXT 150 -3.43 —0.208 | 0.9376 | Non-Stationary| -63.563 0 Stationary
FTSE EUROTOP 100 E -3.43 —2.781 0.061 | Non-Stationary | —72.081 0 Stationary
FTSEUROFIRST 80 E -3.43 —2.764 | 0.0636 |Non-Stationary | —71.978 0 Stationary
STOXX EUROPE LARGE 200 -3.43 -2.184 | 0.2121 | Non-Stationary | —71.479 0 Stationary
STOXX EUROPE SMALL 200 -3.43 —0.288 | 0.9271 |Non-Stationary | —66.138 0 Stationary
STOXX EUROPE MID 200 -3.43 -0.272 | 0.9294 |Non-Stationary | —67.014 0 Stationary
FTSE W EUROPE E -3.43 —1.764 | 0.3986 |Non-Stationary | —70.635 0 Stationary
MSCI EUROPE E -3.43 —1.832 | 0.3648 | Non-Stationary | —70.71 0 Stationary
FTSE EPRA Nareit DEV . .
EUROPE -3.43 1.185 0.6798 | Non-Stationary | —-66.408 0 Stationary
MSCI EUROPE S E -3.43 0.083 0.9649 | Non-Stationary | —-63.987 0 Stationary
EMIX GLOBAL MINING . .
EUROPEAN E -3.43 -2.163 0.22 | Non-Stationary | —69.65 0 Stationary
EMIX SMALLER EUROPE . .
AER&DEF E -3.43 -0.379 | 0.9135 | Non-Stationary | —65.79 0 Stationary
EMIX SMALLER EUROPE . .
BANKS E -3.43 —0.743 | 0.8353 | Non-Stationary | —64.421 0 Stationary
EMIX SMALLER EUROPE . .
BASIC MAT E -3.43 -1.148 | 0.6956 |Non-Stationary | —62.473 0 Stationary
EMIX SMALLER EUROPE . .
BEV&TOB E -3.43 0.678 0.9894 | Non-Stationary | —67.63 0 Stationary
EMIX SMALLER EUROPE . .
BUS PROV E -3.43 -0.332 | 0.9208 | Non-Stationary | —63.385 0 Stationary
Note: 1% Critical value = —3.430.
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The null hypothesis suggests the presence of unit
root within the series. All the indices are non-station-
ary at level 0 because their probability value is not
less the 0.05 which does not reject the null hypothe-
sis. Moreover, table 2 presents critical values —3.43
at 1% level of significance. To make data stationary
at level 0, the t-statistics should be less —3.43 along
with the p-value less than 0.05. Nevertheless, it can
be observed that even t-statistics are less than criti-
cal values but still probability value fails to reject the
null hypothesis. However, all indices are stationary at
level 1 indicated by p-values less than 0.05 and
t-statistics are also less than the critical values —3.43.
Hence, rejecting the null hypothesis it can be inferred
that all indices does not contain unit root at level 1.
For instance, Bouriet et al. [36] also applied same
test before estimating co-integration among Indian
stock market and gold and oil sector. Cheong [38]
study weak form of market efficiency through unit root
test. Similarly, Alamet et al. [32] use Dickey Fuller test
to estimate the level of stationarity to examine the
sectoral efficiency of Islamic stock indices. Thus, the

significance of using unit root test is well justified and
verified by past studies.

Lag length number is determined in table 3 which is
a prerequisite to run co-integration and granger
causality test. VAR leg length test is utilized to esti-
mate the number of lag length for further use of co-
integration and granger causality. Table 3 includes 5
selection criteria to determine the lag length namely,
LR test statistics, Final Predication Error, Akaike
information criterion, Schwarz Bayesian information
criterion and Hannan-Quinn information criterion. As
a rule of thumb, the lag length should be the one that
is supported by maximum number of selection crite-
ria however, if two lag lengths are supported by same
number of selection criteria then we select the one
which is justified by AIC. Table 3 indicates that lag
length 3 and lag length 1 are supported by AIC, FPE
and HQIC, SBIC, respectively. We will select lag
length 3 as it is justified by AIC for co-integration and
granger causality tests.

Multivariate cointegration is estimated in table 4 to con-
firm whether stock market indices are cointegrated to

Table 3
VAR LAG LENGTH SELECTION CRITERIA
Lag LL LR df p-vale FPE AlC HQlC SBIC
0 -3099.27 - - - 2.30E-22 1.26205 1.27037 1.28576
1 -1497.61 3203.3 324 0 1.40E-22 0.744781 0.90272* 1.19514*
2 -1010.54 974.15 324 0 1.30E-22 0.67876 0.986324 1.55577
3 —660.965 699.14 324 0 1.3e-22* 0.668407* 1.1256 1.97206
4 -377.997 565.94* 324 0 1.30E-22 0.685019 1.29184 2.41533
Note: * indicates lag order selected by the criterion.
Table 4
MULTIVARIATE JOHANSEN’S CO-INTEGRATION TEST
Maximum rank Parms LL Eigenvalue Trace statistic | 5% Critical value
0 666 -139928 - 817.9442* -
1 701 -139864 0.02538 690.8987 -
2 734 -139814 0.01998 591.1404 -
3 765 -139766 0.01915 495.6026 -
4 794 -139727 0.01572 417.3083 -
5 821 -139692 0.01399 347.6826 -
6 846 -139663 0.01168 289.6405 -
7 869 -139636 0.01094 235.2588 277.71
8 890 -139613 0.00929 189.1251 233.13
9 909 —-139594 0.00758 151.5457 192.89
10 926 -139579 0.00624 120.6117 156
11 941 —139565 0.00576 92.0483 124.24
12 954 —139552 0.00527 65.9468 94.15
13 965 —139542 0.00393 46.4752 68.52
14 974 -139533 0.00361 28.5824 47.21
15 981 -139527 0.00255 15.9416 29.68
16 986 -139522 0.0019 6.5545 15.41
17 989 -139519 0.00132 0.0027 3.76
18 990 -139519 0 - -

Note: * indicates co integrated equations.
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each other. According to the criteria the trace value
should be less than 5% critical value. Trace statistics
become less than 5% critical value; the correspond-
ing maximum ranks represent number of cointegra-
tion equation. Trace statistics states null hypothesis
that stock market indices do not carry any cointegra-
tion among them, whereas, alternative hypothesis
state that at least one cointegration equation exits.
Table 4 shows traces statistics where significant trace
statistics are marked with asterisk (*), but corre-
sponding maximum ranks is 0. This implies that there
is no cointegration equation exits among stock mar-
ket indices.

Tables 5-7 reveal pairwise cointegration among
stock market indices on one-to-one basis. As a rule of
thumb trace statistics compared with critical value
15.41 at 5% level of significance. If trace statistics
greater (less) than the critical value, then it proves

evidence of presence (absences) of cointegration
between two stock indices. Tables 5-7 indicate that
there are 31 pairs that exhibit cointegration indicated
by 1, in parenthesis, and remaining indices that are
represented by 0, in parenthesis, are not cointegrat-
ed. The stock indices that carry N/S are not signifi-
cant.

The results of Granger causality test is used to ascer-
tain if one stock market index is related to another
stock market index. Granger Causality test formu-
lates null hypothesis that states there is no causality
between two stock indices. If the probability value is
less than 0.05, we can reject the null hypothesis.
Granger Causality has a brighter side that it only con-
firms the existence of causality, nevertheless, the
dark side is that it does not provide causality coeffi-
cient. Our research study provides evidence that
majority of the selected stock indices highlights

Table 5
THE RESULTS OF PAIRWISE COINTEGRATION
STOXX FTSE STOXX
Index name EUROPE EUR%’;:EXT NEXT 150 | EUROTOP FTSE%’;%FIRST EUROPE
600 E 100 E LARGE 200
STOXX EUROPE 600 E
EURONEXT 100 202)'3684
12.3225* 12.6388*
NEXT 150
(0) (0)
0.2772* 14.8068* 15.0432*
FTSE EUROTOP 100 E
(1) (0) )
14.7146* 11.9795* 12.7106* 18.2504
FTSEUROFIRST 80 E
(0) (0) ) (N/S)
STOXX EUROPE LARGE 0.4642* 10.4995* 13.5122* 0.2255* 3.5302*
200 (1) (0) (0) (1) (1)
STOXX EUROPE SMALL 14.4175* 14.9202* 7.3123* 0.3600* 13.3904* 14.9395*
200 (0) (0) (0) (1) (0) (0)
14.0195* 14.7389* 7.7468* 0.2143* 13.0589* 14.7866*
STOXX EUROPE MID 200
(0) (0) 0) (1) (0) 0)
11.5289* 10.9006* 12.4148* 0.5336* 15.2892* 1.1424*
FTSE W EUROPE E
(0) (0) (0) (1) (0) (1)
12.2552* 10.9111* 12.4709* 0.4988* 2.9937* 1.3071*
MSCI EUROPE E
(0) (0) (0) (1) (1) (1)
FTSE EPRA Nareit DEV 2.4821* 3.2227* 4.3596* 2.6131* 3.7359* 2.6368*
EUROPE (1) (1) (0) (1) (1) (1)
14.7952* 14.4290* 5.7977* 0.0358* 12.9009* 15.1495*
MSCI EUROPE S E
(0) (0) ) (1) (0) (0)
EMIX GLOBAL MINING 8.0168* 8.2856* 5.2077* 14.5535* 14.5912* 10.9502*
EUROPEAN E (0) (0) (0) (0) (0) (0)
EMIX SMALLER EUROPE 11.7445* 10.7576* 6.5791* 14.5255* 11.8388* 13.0729*
AER&DEF E (0) (0) (0) (0) (0) (0)
EMIX SMALLER EUROPE 4.5923* 5.1210* 6.5728* 7.6257* 8.3832* 5.3935*
BANKS E (0) (0) (0) (0) (0) ©)
EMIX SMALLER EUROPE 2.5690* 18.5495 7.4542* 2.6900* 19.5318 (N/S) 2.6478*
BASIC MAT E (1) (N/S) (0) (1) ) (1)
EMIX SMALLER EUROPE 10.0681* 10.5630* 7.3207* 12.5145* 10.9316* 11.1159*
BEV&TOB E (0) (0) (0) (0) (0) (0)
EMIX SMALLER EUROPE 0.7128* 1.4688* 4.1867* 0.7200* 15.1648* 0.7524*
BUS PROV E (1) (1) (0) (1) (0) (1)
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Table 6

THE RESULTS OF PAIRWISE COINTEGRATION (CONTINUED)
STOXX STOXX FTSE EPRA
FTSEW MSCI . MSCI
Index name EUROPE EUROPE Nareit DEV .
SMALL 200 | MID 200 EUROPE E | EUROPE E EUROPE EUROPE :S E
STOXX EUROPE MID 12.1571*
200 (0)
14.0840* 13.5861*
FTSE W EUROPE E
() )
14.0369* 3.7520* 12.4340*
MSCI EUROPE E
() ) )
FTSE EPRA Nareit DEV | 3.8491* 3.8747* 2.6735" 2.5803*
EUROPE (0) 0) (1) (1)
10.8557* 0.0023* 14.2878* 14.3678* 3.7192*
MSCI EUROPE :S E
) W) ) ©) )
EMIX GLOBAL MINING | 5.0615* 5.0011* 8.8782* 9.1610* 10.4766* 5.1446*
EUROPEAN E (0) (0) (0) (0) (0) (0)
EMIX SMALLER 6.9062* 6.6450" 11.7769* 11.8482* 2.7155% 5.4469*
EUROPE AER&DEF E (0) (0) (0) (0) (0) (0)
EMIX SMALLER 6.3064* 5.3169* 4.9547* 4.7194* 2.6064* 5.56325%
EUROPE BANKS E 0) (0) (0) (0) (0) (0)
EMIX SMALLER 6.6209* 6.2644* 2.7154* 2.6205* 6.2228* 10.5148*
EUROPE BASIC MAT E | (0) (0) (1) (1) (0) (0)
EMIX SMALLER 8.1836* 8.3781* 10.2130* 10.2648* 3.2191* 6.8033*
EUROPE BEV&TOB E (0) (0) (0) (0) (0) (0)
EMIX SMALLER 4.0632* 4.2118* 0.7144* 0.6966* 4.7315* 3.0576*
EUROPE BUS PROV E | (0) (0) (1) (1) (0) (0)
Table 7
THE RESULTS OF PAIRWISE COINTEGRATION (CONTINUED)
EMIX EMIX EMIX EMIX EMIX
Index name GLOBAL SMALLER | SMALLER SMALLER EE“III?DI(ELSJI“?’ISII;IIE SMALLER
MINING EUROPE EUROPE EUROPE BEV&TOB E EUROPE
EUROPEAN E (AER&DEF E| BANKS E |BASIC MAT E BUS PROV E
EMIX SMALLER 5.3260*
EUROPE AER&DEF E 0)
EMIX SMALLER 1.9640* 4.2775*
EUROPE BANKS E 1 0)
EMIX SMALLER 7.2135* 4.3862* 5.1433*
EUROPE BASIC MAT E | (0) 0) 0)
EMIX SMALLER 5.6800* 6.6285" 4.4555* 6.0293*
EUROPE BEV&TOB E (0) 0) 0) 0)
EMIX SMALLER 5.5431* 4.7548* 5.4579* 5.5486* 4.7942*
EUROPE BUS PROV E | (0) 0) 0) 0) 0)

Note: 5% for rank (0) critical value = 15.41; for rank (1) critical value = 3.76,(0) indicates no co-integration, (1) indicates co-integration
and N/S indicates not significant.

causality linkage among each other. This aspect
implies that the change in one index will bring change
in another index in the short run.

CONCLUSIONS

Current study explores the opportunities of portfolio
diversification among 18 selected stock market in
Europe. For minimizing the portfolio risk, these stock
indices must be low or negatively correlation and
should be integrated. We apply pairwise correlation,
cointegration and pairwise cointegration. Based on

4
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our analysis, these 18 sample stock market indices
are not an option for investment opportunity because
they have higher positive correlation to each other
whereas investment in these indices will not reduce
portfolio risk. The subsequent analysis such as pair-
wise cointegration and granger causality test provide
further support to our initial prediction. Although pair-
wise and granger causality establish the relationship
among majority of the indices, however, due to high-
er positive correlation, they move in one direction.
For instance, if we construct a portfolio based on
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Stoxx Europe 600E and FTSE Europe 100 E which
has a correlation coefficient 0.99, there is a pairwise
cointegration and there is a significant causality as
well. However, it will not reduce portfolio risk as both
indices have positive higher correlation which means
both are tandem. The same pattern applies on all
other indices. Future research can be carried out to
evaluate diversification opportunities among Asian

stock indices or a comparison between Asian and
American stock indices. The plausible reason for
higher positive correlation is that these stock indices
belong to Europe that is almost get affected on a
same magnitude by similar political and financial con-
tradictions. Moreover, the controlling regulatory of
these 18 stock indices are somehow related to each
other and formulate similar policies.
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Classification of digital stitch lines in machine embroidery
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ABSTRACT - REZUMAT

Classification of digital stitch lines in machine embroidery

Despite the large application of the machine embroidery in textile and apparel design and high-tech clothing items, there
is a lack of systematic arrangement of the digital stitch lines, used by embroidery machines and embroidery designers.
Since 2010 information on embroidery stitch lines could be mostly found in the web sites of the embroidery machine
manufacturers and software product manuals. However, in the instruction manuals the instruments for creating various
embroidery objects are simply described without providing systematic information on the types of the stitch lines. Even
more, different names of the stitch lines and different ways to achieve the same design are observed. Single authors offer
their own classifications based entirely and logically on the stitches of the hand embroidery. Another group of authors
relied on already developed techniques and strategies for digitizing stitches in various software products or took into
account the final appearance of the stitch lines or their application. Our study aimed to develop a detailed and systematic
classification of the digital stitch lines in the machine embroidery, which has not been presented in the literature.

Keywords: machine embroidering, classification, digital stitch lines, textiles, textile systems

Clasificarea liniilor digitale de coasere in broderiile realizate pe masinile de brodat

In ciuda aplicarii pe scard largd a broderiilor industriale in articolele de imbrdcaminte uzuale si in cele de inalta
tehnologie, exista o lipsé de dispunere sistematica a liniilor digitale de coasere, utilizate de masginile de brodat si de
proiectantii de broderie. Din 2010, informatiile despre liniile de coasere din broderii pot fi gasite in principal, pe site-urile
web ale producatorilor de masini de brodat si in manualele de produse software. Cu toate acestea, in manualele de
instructiuni instrumentele pentru crearea diferitelor broderii sunt descrise simplist, fara a furniza informatii sistematice
despre tipurile de linii de coasere. In plus, sunt observate denumiri diferite ale liniilor de coasere si moduri diferite de a
realiza acelasi design. Anumiti autori oferd propriile lor clasificari bazate in intregime si in mod logic pe cuséturile
utilizate in broderiile manuale. Un alt grup de autori s-a bazat pe tehnici si strategii deja dezvoltate pentru digitalizarea
cusaturilor in diferite produse software sau au luat in considerare aspectul final al liniilor de coasere sau aplicatia
acestora. Studiul nostru a urmaérit sd dezvolte o clasificare detaliatd si sistematica a liniilor digitale de coasere in

broderiile realizate pe masinile de brodat, care nu este prezenta in literatura de specialitate.

Cuvinte-cheie: broderie realizatd pe magsina de brodat, clasificare, linii digitale de coasere, textile, sisteme textile

INTRODUCTION

The purpose of embroidery is to add an ornament to
clothing, accessories, towels, bed linen, curtains,
tablecloths, and other types of textile products. Very
often, embroidery serves for advertising, used as
logos, contains event information (for conferences,
seminars, symposia), or sends different messages to
people. The creation of embroidery was only manual
for centuries, but with the Industrial Revolution,
machine embroidery displaced on a large scale the
hand embroidery. That is why embroidering can now
be defined as a more sophisticated sewing process.
Since 1980, when the first computer graphics of
Wilcom minicomputer embroidery have been creat-
ed, to date, the development of this group of textile
machines has reached a high technological level [1].
Embroidery techniques are also used for the manu-
facturing of electronic textiles and conductive textile
structures, allowing the connection between the tex-
tile system and electronic modules.
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The research on the quality and application of embroi-
dery is quite extensive. Several publications were
dedicated to the accuracy of the shape and dimen-
sions of the embroidery element [2-5]. A large area of
research is dedicated to the ends-down of the embroi-
dery machines and defects in the embroideries
[6-12]. Another area of research involves the elec-
tronic textiles and high-tech clothing that are rapidly
growing sectors in the textile and apparel industries.
The embroideries are used as conductive systems,
which are necessary for the best performing of the
textile items and assuring their accuracy [13-20].

Despite the large application of the machine embroi-
dery in textile and apparel design and high-tech
clothing items, there is still a lack of systematic
arrangement of the stitch lines, used by embroidery
machines and embroidery designers. Our previous
analysis [21] showed that the most comprehensive
source of information on machine embroidery since
2010 could be found on the web sites of the leading
embroidery machine’s manufacturers and in the soft-
ware manuals. Single authors [22] offer their own
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classifications based entirely and logically on the
stitches of the hand embroidery, characterized by the
application of a wide variety of techniques. However,
in the machine-based embroidery, the needle passes
only on one side of the fabric, and it is possible to
obtain straight double lockstitches, typical for the
lockstitch sewing machines, chain stitches and loose
loops without knots. Another group of authors relied
on already developed techniques and strategies for
digitizing stitches in various software products to cre-
ate machine embroidery designs [23]. Other authors
took into account the final appearance of the stitch
lines or their application [24].

The aim of our study was to develop and propose a
general classification of the digital stitch lines for
machine embroidery. The classification is based on the
sequence of the stitch line formation, stitch line appear-
ance, approaches for filling, and final application.

FORMATION OF STITCH LINES IN MACHINE
EMBROIDERY

The principle of the embroidery machines’ work is
similar to that of the ordinary gripper sewing
machine. The difference is that the fabric is embed-
ded in an embroidery frame and moves into an XY
plane after each needle puncture. There is no real
change in the type of stitch or the way the needle and
the graft threads cross, but the size and direction of
the displacement before the needle punch can be
controlled. This unified stitch, a point-to-point line, is

Aggregation

_‘ i . of many
Aggregation stitches - a
of several stitch block

Single stitch stitches

Fig. 1. Formation of the stitch lines in machine embroidery

the primary building block of the embroidery (figure 1).
In addition, several building blocks can be stacked in
a certain way to form a group of stitches, which in
turn follow an arbitrary trajectory. The way of forming
this combination of a small number of single stitches
is inspired by hand embroidering.

When a significantly higher number of stitches are
applied to form more sophisticated shapes (floral
motifs, geometric patterns), then stitch blocks are
used. Working with the stitch blocks, it is possible to
define within the boundaries of an object: * the step
and angle of the stitches, * the size of the motif itself,
* the distance between the individual motifs in the
XY-direction.

CLASSIFICATION OF STITCHES IN MACHINE

EMBROIDERY

Figure 2 shows the proposed classification of the
stitches in the machine embroidery: each stitch and

l Classification 4'
__-——'—-_——-_ _—_____—\—n__
| Hand stiches | | Tight stiches | | Chenille stitches | | Chain stitches
Manual digitizing | | Automatic digitizing |

Group of several
stitches

Single stitches

Group of man
sgtches y

Underlay

i

e L4 € -
i I stitches

Covering
stitches

Cantral run

l Fill 1

Contour

| Contour ]

the wa, f
i strateqy of il o .:-'“ wtratogy of fill L strategy of fill m"‘:'"l‘ o
| Zig-zag I
| Gradient il ] | Star ] I Gradient fill ] I I Gradwent il I I Motf I
Weave
| Undarm fill | Ic,m mmﬁ] Unieform fill [ Uniform fill
|r—, Crametrical Short and long| Wilth constant With constant
fill stitches stich length stitch length
With vanable With varable
T | R FE S
| | | | y With constant
Spiral il Piping stitches | E-stiches | | Spiral I
—_— Effect for With variable
Concentric fill | Weave I athered Concentnc il size of motit
[ Spilit shitches ] Shortest puth |
stitch length titch length
Vidth variable With vanable
stitch length stitch length
VWith stippling With constant
stiches size of motd
WWith vanable
size of motd

Fig. 2. Classification of the stitch lines in the machine embroidery
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Fig. 3. Types of face covering stitches:
a — tight; b — chain stitch; ¢ — loop

its place in the classification are discussed below. At
this stage of development of the embroidery
machines, the stitches that can be obtained are
interlocking or tight (figure 3, a), imitating hand, chain
stitches (figure 3, b) and those with loops (figure 3, ¢).
The result of applying the last type of stitches is a
Chenille embroidery (figure 4), which is less common
and is made using special needles with a hook.
Embroidery machines that form hand and chain
stitches are also rarely used.

According to the digitization method of the embroidery,
the stitch lines obtained from tight stitches can be divid-
ed into two groups: manual and automatic digitizing.

Manual digitizing

In manual digitizing, the contour and filling stitches
are the two main stitch lines. The contour stitch (fig-
ure 5) outlines the delineation of the object. The fill-
ing stitch (figure 6) is a surface stitch used to fill the
embroidered object, parts of it, or the background.
There is no specific stitch, which can be indicated as
a “filling stitch”, as the user himself chooses each
step and direction of the single stitch.

Automatic digitizing

In automatic digitization the embroidery object is first-
ly divided into single stitches, a group of stitches and
blocks.

Single stitches

Figure 7 illustrates the single stitches in an embroi-

dery detail. Two types of single stitches can be dis-

tinguished:

 Strengthening stitches. These stitches are placed
at the beginning and the end of the stitch line,
being: * Starting lock stitch and * End lock stitch.

» Jumping stitches. They assure the transition from
one object to another with (or without) the formation
of stitch lines. In the modern machines, the pro-
gram automatically generates the jumping stitches,
following the embroidery sequence and objects’
start and end. They can be stitched from one point
to another or in the form of a straight stitch with a
set pitch.

Group of several stitches

In accordance with their application in the embroidery

design, the stitch rows that are formed by groups of

several stitches are divided into three groups: underlay
stitches, compensatory stitches, and covering stitches.

The underlay stitch lines play a crucial role in

machine embroidery, as the quality of the embroidery

obtained depends on them. They remain hidden
beneath the surface of the embroidery but assure the
stability, volume, density, accuracy, and clear image
of the embroidery. Calculating the exact number and
type of the underlay stitches and their respective
density is an essential step in the process of digitiza-
tion. The basic rule is that the direction of the under-
lay stitch line must be at a different angle from that of
the outer covering stitch lines to balance the structure
and prevent the single stitches from sinking. The
underlay stitches are of different types, namely:
* Central Run (figure 8): a straight lock stitch line with
trajectory following the centerline of the object. It is
applied to objects with a small width (columns) or in
combination with other types of underlay stitches.
= Edge Run (figure 9): a straight lock stitch line for
outlining the contours of the object. It is used for
objects of small width or in combination with other

Fig. 4. Chenille embroidery

Fig. 5. Contour stitch

Fig. 6. Filling stitch

Starting lock stitch

‘\\' Ly )

fJumping
stitch

End lock stitch

Fig. 8. Central run
underlay stitch line

ﬂl

Fig. 7. Single stitches
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Fig. 10. Zigzag underlay stitch line

types of underlay stitches. * Zigzag (figures 10 and
11): it is particularly suitable for objects, made with
covering stitches. It can also be used in combination
with other underlay stitches. * Weave (figure 12):
Similarly to the zigzag stitch, it is used in objects,
where covering stitches are applied. Suitable for
combination with other types of underlay stitches.
The second group of stitches is called “compensato-
ry”, because they serve to compensate for possible
differences in the sizes of the virtual and real embroi-
dered objects that result from the fabric deformation.
For example, when embroidering on cotton fabrics,
about 2% stitches are added, which should cover the
difference in the size obtained.

The third group, called “covering” stitches, can be
divided into two sub-groups, depending on their role
in the embroidery and the way of arrangement of the
stitches: fill covering stitches and contour covering
stitches. The first sub-group involves the stitches that
fill the objects in the embroidery. They are used for
embroidering large-area objects. The fill covering
stitches are stacked close to one another at a certain
angle so that complete surface coverage can be
achieved. The density of the stitches can vary to
achieve a number of effects.

The fill covering stitches give the embroidery a flat
appearance and have less shine than the satin stitch

Fig. 11. Double Zigzag underlay stitch line

Fig. 12. Weave underlay stitch line

line, but they can fill areas of much larger size with-
out producing a wavy surface, which could be the
case with satin. The stitch line can be changed by
varying the distance and alignment of the individual
stitches, as well as the length of the stitch.

Depending on the strategy of filling, the fill covering
stitches can be for: * Gradient fill (figure 13): the
object is divided into different zones, filled in with dif-
ferent densities of the stitch lines. The distribution of
the zones can be various, depending on the object
and the design vision: * Uniform fill (figure 14): the
density of the stitches has a constant value for the
whole object; * Diametrical fill (figure 15): the strate-
gy is to follow the contour (diameter) of the object;
* Radial fill (figure 16): the stitch line goes from the
center to the contour of the object (following the
radius); = Spiral fill (figure 17): the covering stitches
follow a spiral line; * Concentric fill (figure 18): the
covering paths are concentric circumferences;
* Shortest path: this strategy is based on finding the
shortest path for covering the object with a specific
geometry; * Fill with constant stitch length: the filling
is carried out with a constant value of the step of the
stitch line; * Fill with variable stitch length (figure 19):
a variable value of the step of the stitch line is used,
according to the stitch line’s trajectory; * Fill with stip-
ping stitches (figure 20): this strategy is borrowed

Fig. 13. Gradient fill
(with weave)

Fig. 14. Uniform fill (with
weave)

Fig. 15. Diametric fill Fig. 16. Radial fill

Fig. 17. Spiral fill Fig. 18. Concentric fill
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Fig. 21. Star stitch line

Fig. 22. Cross stitch line
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Fig. 24. Net stitch line

from the quilting and is applied when layers of a tex-

tile system are joined together. It is usually performed

with a running stitch line, so that the zones, divided
by the stitch line to have approx. the same width.

Depending on the way of the stitches arrangement,

the fill covering stitches can be: * Star stitch line (fig-

ure 21): the stitch is borrowed from the hand embroi-
dery; * Cross stitch line (figure 22): it is also typical
for the hand embroidery; * Short and long stitch lines

(figure 23): the alternation of short and long stitches

creates a gradual overflow that has also root in the

hand embroidery; * Net stitches (figure 24): these are
new machine embroidery lines that form a net

(mesh), 3D visual effects can be obtained using dif-

ferent dimensions of the squares; * Piping stitches

(figure 25): a new stitch line, typical for the machine

embroidery; * Weave (figure 26): a covering stitch

line, also known as “tatami”, used for large objects.

The second sub-group involves stitches, used for

covering embroidery objects with a small width, up to

20 mm. They involve:

» Satin stitch line (figure 27): The satin (or column)
stitch line is hugely suitable for lettering and con-
touring. The single stitches are stacked side by
side, following an arbitrary line, always remaining
perpendicular to the axis. Theoretically, it is suitable
for objects smaller than 20 mm (in width), but prac-
tically they should be less than 12 mm. Otherwise,
the stitches become loose and can be easily dam-
aged. Designers use the satin to enhance the
object’s dimensions due to the better light reflec-
tion.

» Zigzag stitch line (figure 28): it differs from satin
only in the density of the stitches.

A

Fig. 25. Piping stitch line

Fig. 26. Fill weave stitch line

» Stem stitch line: similar to satin but the embroidery
path is at a certain angle concerning the single
stitches.

« Straight stitch line: the straight lock stitch line usu-
ally consists of stitches of the same length, but
through the software, the stitch length can be
changed automatically when the shape of the con-
tour is monitored. Different effects can be achieved
by applying different stitching steps: the long stitch-
es are shinier and smoother than the short ones
that give a more rugged and tight embroidery look.
The number of passes through an element can also
vary to obtain thicker or thinner lines — single, dou-
ble, or triple.

* E-stitches (figure 29): known as well as a “blanket
stitch”.

« Stitch line for feathered edge effect (figure 30): it
creates a shading effect of the object, rough con-
tours, and can be used for animal fur imitation.

« Split stitch line: it is similar to the stem stitch, with a
more twisted appearance.

FREANEYSLE
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Fig. 27. Satin stitch line Fig. 28. Zigzag stitch line
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Fig. 30. Feathered

Fig. 29. E-stitches edge effect

Group of many stitches (blocks)

The third group of automatically digitized embroidery
stitch lines has the most complex organization of the
stitches. The stitch lines form blocks and play the role
of covering stitches, which form the contour of the
embroidery objects or are used to fill them.
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The fill covering stitches are again divided into two
groups. Depending on the strategy of fill, the same
types of blocks of stitches can be defined as for
groups of several stitches: gradient fill, uniform fill,
diametrical fill, radial fill, spiral fill, concentric fill,
shortest path fill, and fill with constant stitch length
and variable stitch lengths. Only the fill with stipping
stitches is missing. Instead, two new possibilities
appear: * Blocks of stitch lines, based on motifs, with
constant size of the motif (figure 31) and * Blocks of
stitch lines, based on motifs, with variable size of the
motif (figure 32).

A

Fig. 31. Constant size motif filling

OO

Fig. 32. Variable size motif filling

Depending on the way of arrangement, the blocks of
fill stitches are: Motifs (figure 33): different motifs, orga-
nized in blocks, fill the surface of the object. Modern

1 ) T N

MWW

Fig. 33. Covering motifs

Fig. 34. Complex or emboss filling

software tools enable the creation of filling stitches in
the form of smooth curved lines, resulting in the
sense of increased contour and volume. Complex or
embossed (figure 34): both the direction of the stitch
rows and its density change horizontally and vertical-
ly. Thus, different visual effects are achieved.
Depending on the strategy of the fill, the contour cov-
ering stitch lines involve block stitches for gradient fill,
uniform fill, stitch lines with constant and variable
stitch length, as well as lines with constant or variable
size of the motif, as in the case of fill covering stitches.
It should be mentioned that some of patterns cannot
be produced without stitching over existing stitches.

CONCLUSIONS

The proposed classification of the machine embroi-
dery stitches allows a better understanding of the
design abilities of different software products and
embroidery machines. It helps both the learners and
the experienced designers to orient in the possibili-
ties for the creation of embroideries with a desired
and unique look.

The classification can further be enlarged as the field
of machine embroidering is among the fast-develop-
ing textile branches.
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Open hole size effects on tensile properties of 3D braided composites
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ABSTRACT - REZUMAT

Open hole size effects on tensile properties of 3D braided composites

Owing to the excellent integrated structure, notch-insensitivity, delamination-free characteristics, 3D braided composites
have a broad range of engineering applications. In this paper, the notch size effects on two types of 3D braided
composites were experimentally examined. Style | incorporated 40% of longitudinal lay-in yarns. Style Il was the pure
braids. The Point Stress Criterion (PSC) was applied to predict the open-hole strength of 3D braided composites. It is
found the 3D braided composites can keep higher proportion residual strength after involving the different circular hole
sizes compared to plain woven laminates. The open-hole pure braided specimen shows better performance than that
the braids with longitudinal yarns, the lay-in longitudinal yarns improve neither specimens’ un-notched strength, nor the
modulus. The predicted open-hole strength were compared with experimental results. The traditional analytical method
can predict the open-hole strength of 3D braided composite to some extent. Under uniaxial tensile stress, the failure
behaviour of two types of 3D braided specimens are different. For un-notched specimen, clear cracks usually show up
on the Style Il specimen, while it is not true for Style | coupon. For notched specimen, the crack of both notched
specimens will propagate along the notch and finally render the specimen to fail.

Keywords: 3D braided composite, open-hole size, Point Stress Criterion, failure, strength prediction

Influenta dimensiunilor orificiilor asupra proprietéatilor de tractiune ale compozitelor impletite 3D

Datorita structurii integrate excelente, insensibilitatii canelurilor, caracteristicilor fara exfoliere, compozitele impletite 3D
au o gama larga de aplicatii ingineresti. In aceasta lucrare, efectele dimensiunii canelurilor au fost examinate
experimental pe doua tipuri de compozite impletite 3D. Tipul | a inclus 40% din firele de umplutura longitudinale. Tipul
Il a fost reprezentat de impletiturile propriu-zise. Point Stress Criterion (PSC) a fost aplicat pentru a preconiza rezistenta
orificiului deschis al compozitelor impletite 3D. Se constatd cd, compozitele impletite 3D pot péstra o rezistenta
reziduald proportionald mai mare dupéa implicarea diferitelor dimensiuni ale orificiilor circulare in comparatie cu teséaturile
simple laminate. Proba impletitd propriu-zisé cu orificii deschise prezintd performante mai bune decét cea impletita cu
fire longitudinale, firele longitudinale de umpluturd nu imbunétatesc nici rezistenta probelor si nici modulul. Rezistenta
preconizata a orificiilor deschise a fost comparata cu rezultatele experimentale. Metoda analitica traditionald poate
preconiza intr-o oarecare mdsurd rezistenta orificiului deschis al compozitului impletit 3D. In conditii de tensiune
uniaxiala, comportamentul la deteriorare al celor doua tipuri de probe impletite 3D este diferit. Pentru proba fara
caneluri, fisurile clare apar de obicei pe proba tip Il, dar nu apar pe proba tip I. Pentru proba cu caneluri, fisura ambelor
probe se va propaga de-a lungul canelurii si, in cele din urma, va duce la deteriorarea probei.

Cuvinte-cheie: compozit impletit 3D, dimensiunea orificiului deschis, Criteriul de stres punctual, deteriorare,
preconizarea rezistentei

INTRODUCTION

Braided composites have gained considerable atten-
tion over the past years in a variety of applications,
e.g. airframe spars, fuselage frames, rocket nose
cones, ship propeller blades, engine nozzles,
biomedical devices, etc. [1-3]. Compared to conven-
tional unidirectional and woven laminate composites,
the sustained interest in 3D braided composites can
be attributed to the proven damage tolerance [4],
delamination-free characteristics, and an ability to
create net complex shape structures in a digitally
controlled manner [5]. One of the most earlier studies
of the structural properties of 3D braided composites
was carried out by Gause and Alper [6]. In their study
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they evaluated a wide range of the static and dynam-
ic mechanical properties of 3D braided composites
including open hole static strength and tensile fatigue
behaviour, they demonstrated that the 3D braided
composites are notch (open hole) insensitive. Du and
Ko [7] first examined 3-D braiding methods in the
light of braid structures, followed by the development
of geometric models for 3D braids using a unit cell
approach. Portanova et al. [8, 9] examined the fatigue
properties of un-notched 3D braided composites, it
was found the residual fatigue life of 3D braided com-
posite was sufficient to satisfy current composite
damage tolerance design criteria.

One of the key considerations in the design of com-
posite aircraft structures is the ability of the composite
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to tolerate damage created during manufacturing,
like drilling holes. It is an important issue for compos-
ite structure design to predict the open hole strength
accurately. Lot of studies have been done on open-
hole effects on laminated composite. Whitney and
Nuismer [10, 11] proposed approximate solution to
calculate the normal stress distribution adjacent to a
circular hole in an infinite orthotropic plate was pre-
sent in the form of polynomial. Norman and Anglin
studied how open hole affects failure in 2D braided
textile composite materials under tensile loading.
They found un-notched tape equivalents are stronger
than braided textiles but exhibited greater notch sen-
sitivity. Notch strength could not be predicted using
existing anisotropic theory for braided textiles.
Damage initiation stress decreases with increasing
braid angle [12]. Hwan and Tsai [13] studied the
notched strengths of three kinds of braided compos-
ite plates with a centre hole, also point stress criteri-
on (PSC) and average stress criterion (ASC) were
applied to predict the strength of 2D braided com-
posite plate with different sizes of the hole. Kohlman
and Bail gave a notched coupon geometry method
for tensile testing of 2D ftriaxial braid composites,
which they claim the notch specimen is easier to fab-
ricate [14].

Although many references with regard to hole size
effects on laminates and notched strength prediction
of laminated composites have been found and briefly
introduced above, up to now, limited studies are
available in the literature to study the effects of notch
size on 3D braided composites. Accordingly, the
objective of this study is to experimentally study the
open hole sizes effects on 3D braided composites.
The traditional analytical PSC criterion was also used
to predict the open-hole strength of 3D braided com-
posites

EXPERIMENTAL AND THEORETICAL METHODS

Material

HEXCEL AS4 6K carbon yarns are used as rein-
forced material, an epoxy system consisting of West
System 105 resin and 209 curing agent (mix ratio =
3.68:1 by weight) was used as matrix material.
According to the manufacturing datasheet, the prop-
erties of matrix and yarns are shown in table 1.

Table 1
PROPERTIES OF MATRIX AND CARBON FIBRE
Properties Matrix AS4-6k
Tensile modulus (GPa) 274 231
Tensile strength (MPa) 51 4447
Strain (%) 3.6 1.7
Density (g/m?3) 1.16 1.78

3D braided preforms were produced on a Cartesian
four-step 3D braider. Two types of the braided pre-
forms were fabricated. Style | incorporated 42% of
longitudinal lay-in yarns (totally 129 yarns). Style I
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was the basic (1x1) pattern, with 124 yarns. The 3D
braided preforms have a surface braiding angle of
+20°, and the actual cured braided specimen orienta-
tion is approximately £18°, because of the compres-
sion in the closed mould during the curing process.
The information of fabrics used in this paper are
shown in table 2.

The dry preform was infused resin by RTM technolo-
gy, a compressive mould was design for the sample
manufacturing. Then, the fully cured composite in the
shape of rectangular bar having 25.4 mm width was
released from the mould. The volume fraction of the
specimen was determined by measuring the density
the coupon. For un-notched samples, the experimen-
tally measured fibre volume fraction was 58% for
Style |1 and 60% for Style Il coupons.

Table 2
FABRICS USED AS REINFORCED IN THE 3D
BRAIDED COMPOSITE
Fabric | No. of | No. of | Dimension B::]idli:g
structure | layers | yarns (mm) (:;J)
25.4 by 3 £
Style | 4 129 0.1 by 250 +20+1
254 by 29+
Style Il 5 124 0.1 by 250 +20+1

The 3D braided composite are sensitive to the edge
cutting for the cutting along the braiding direction will
break the integrated characteristic of 3D braided
specimen [15]. So all the preforms are fabricated with
width closed to 25.4 mm, and thus avoid cutting from
big panel. The different series of holes were drilled at
the centre of the specimen using special CBN dia-
mond core drill bits. The dimension of un-notched
specimen is same with the notched one. For small
hole sample preparation, the tab were bonded to the
end of the coupon to avoid the sample break inside
the clamps when do the test. While it is no need to
bond the ta for large circular hole size specimen, it is
already involved large stress concentration. The unit
cells for Style | and Style Il specimen are shown in
figure 1. Photographs of cross-sectional areas of
Style 1 3D braided specimen were shown in figure 2.

Longitudinal
yam

a b

Fig. 1. Unit cell of 3D braided specimens:
a— Style |; b — Style 1l
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Fig. 2. Photographs of cross-sectional areas of 3-D braided composite: a — Style |; b — Style Il

The yarn cross section of pure braids is usually more
uniform than Style | with axial yarns. The Style | has
more resin rich area in the interlacing area than
Style Il, resin rich areas usually appear on yarn inter-
lacing area.

Testing method

The static un-notched tensile strength and notched
are conducted according to the ASTM D3039 and
ASTM D5766, respectively. For each group tests, 5
samples were tested to obtain the mean tensile
strength, with cross-head moving rate of 2 mm/min.
All the specimens were tested on a MTS servo-
hydraulic mechanical testing unit under constant dis-
placement rate of 2 mm/min. The test equipment and
painted specimen were shown in figure 3.

Fig. 3. The testing equipment

Notched specimen strength prediction

The 3D braided plate can be taken as orthotropic
material. The notched tensile strength of the 3D
braided composite were predicted following Point
Stress Criterion (PSC) proposed by Whitney et al.
[10, 11, 16], based on the stress distribution adjacent
to the notch. In this criterion, failure is assumed to
occur when the stress o, at some fixed distance (d)
ahead of the notch becomes equal to the un-notched
strength (o) of the material. For a circular hole, the
failure occurs according to the following equations:
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csy(x’o)|x=R+do =6p (1)

For an infinite orthotropic plate containing a circular
hole of radius R and subjected to uniform stress ¢
applied parallel to the y-axis at infinity, the normal
stress (oy) along to the x-axis ahead of the hole can
be expressed approximately by:

Gy(X,O) = % [2 + (7R)2+ 3(%)4_ (Ky— 3)5(5)6_
] wor @

where K is the stress concentration factor for an infi-
nite orthotropic plate [17]. The notched strength of an
infinite width plate can be predicted by:

Oy =20y [ [2+ A% + 3A* — (K7 3)(BA° - TA®)] (3)

where o), 0, is the notched strength and un-notched
tensile strength of the plate, respectively. The char-
acteristic lengths d; = 1 were chosen, as suggested
by Nuismer et al. [16]:

A=R/[(R+dy) (4)

RESULTS

This section presents results of the un-notched and
notched tensile test of the specimens, also the com-
parison with the published 3D braided composite and
laminates. The failure behaviour of notched and
notched coupons of 3D braided composites were
also observed.

Comparison with laminates

Figure 4 shows the stress-strain curve of the two
types of un-notched samples up to failure, the stress-
strain curve measured by DIC. The two types of
braids show close strength and modulus, the adding
axial yarn improve neither the modulus nor the
strength. It is due to the adding yarn affect and vol-
ume fraction difference of the specimen. The natural
behaviour of the lay-in yarn along the braiding direc-
tion in the preform is straight, whereas after the sample
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Fig. 4. Un-notched 3D braided composite quasi-static
tension tests: stress vs. strain curves

cured in the compressive mould, the adding axial
yarn may not straight, which should be observed
using CT regeneration technology in the future. Also
the adding in-lay yarn decreases the volume fraction
of the coupon, as shown in figure 2. The DIC strain
field of Style Il sample with 5 mm hole at 50 KN was
shown in figure 5. Figure 5 presents the shear strain

Exyr longitudinal (loading direction) strain distribution

g,y and transverse strain distribution ¢,,, respective-
ly. It is found the existence of hole affect the strain
distribution near the hole.

Figure 6 shows the comparison of measured
mechanical properties of the un-notched 3D braided
composite and notched with a hole of 5 mm and pub-
lished results on 3D braided composite and lamina-
tion composites with plied angle (+20°). The four
columns on left hand represent the 3D braided spec-
imen; the right hand corresponds to laminates. It is
found the tensile strength of the entire notched 3D
braided composite is higher than that of laminated
composites. It found the 3D braided composite at low
braiding angle can contain damage better than lami-
nates with similar plied angle. The 18-ply (0+20°)
laminates [18] have the similar tensile strength with
present results, after drilling the hole, the laminates
can only keep 58% of the tensile strength, while the
present both 3D braided composites can keep
74—-79% of the tensile strength. This confirms that the
3D braided composites are less notch sensitive than
laminated composites [4, 6]. The present two types of
3D braided specimen with or without longitudinal
yarns shows similar modulus and failure strength
under low braiding angle.

Fig. 5. DIC strain filed at 50 KN for Style Il notched 3D braided specimen: a—¢,,;b—¢€,;Cc—¢€

% vy xx
1400
wUn-notched = Notched

1200
1000
800
600
400
200
0

40% axial basic (+18°) 50% axial basic (i20°) 24- ply AS4/3501 18-ply APC-2  Hexcel Ply

(0°+18°) present  present (0°4£20°) [6] [6] [-45/0/+45/90]s  [(£20°)4,0]s 8552 [31]

[18] [18]

Fig. 6. Mechanical properties of the 3D braided composite and laminates
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Hole size effects

Table 3

Typical tensile load versus displacement curve

of Style | and Style Il 3D braided specimen are STRENGTH OF 3D NOTCHED AND UN-NOTCHED COM-
shown in figure 7. Although involving different POSITE

hole size, the both braids still show similar W (mm) 2RIW 2R oy /MPa STDV on/ oy
slope, as talked before, the two types of braid- (mm) (MPa)

ed composite have similar modulus and 012 | 2.8 1006 68 0.87
strength. The different series of hole sizes Style | 0.19 5 900 57 0.78
a.ffe(':t. the failure strength and failure eIongaFlon 6,="147MPa | 031 | 7.85 670 49 058
significantly. As expected, the sample failed . =70.5GPa [ 039 | 974 573 12 0.49
earlier when involved large size open circular - - -
hole. Table 3 summarized the tension strength 045 | 112 500 43 0.46
with different hole size of 3D notched and un- 012 | 2.8 1100 60 0.87
notched braided composite. Each result was Style I 0.19 5 970 45 0.77
from five different specimens for 3D braided oy = 1287 MPa 0.31 7.85 786 52 0.62
composite. o is notched strength, o, is un- E,=752GPa [ (39 | 974 674 5 053
notched strength. The experimental results pre-

sented in table 3 clearly identify the size effects 045 | 11.2 582 48 047
on 3D braided composites: an increase of the 005 | 1.0 | 5322 - 0.88
hole diameter from 2.8-11.2 mm result in a . 0.10 | 2.0 454.0 - 0.773
reduction in the strength of 44%. ;.ar:uggze; I[\JII?’L 020 | 4.0 388.8 - 0.639
The results were compared to plain woven lam- v ' 040 | 80 326.4 _ 0410
inates (V; = 60%) [19], the both types of 3D 050 | 100 | 3218 - 0318
braids show better performance. The laminates i i : i

can only keep 32% of the un-notched strength
when the hole diameter to width ratio is 0.5, while the
both 3D braids can keep more than 46% of the origi-
nal strength [19]. The final strength of 3D braided
composites is also much higher than plain woven
laminates. For woven laminates, the final open-hole
strength is only 321 MPa, while the braids can retain
more than 500 MPa of the strength.

The predicted notched value and comparison with
experimental results are presented in figure 8,a. The
hole size effects on different fibre architecture in the
3D braided composite are different. The pure braided
composite can retain higher proportion of the notched
strength than the specimen with axial yarn, with all
series of circular hole size. The 3D braided compos-

ite having longitudinal yarns are sensitive to hole
size, compared to pure braids. For un-notched
strength prediction, the FGM were followed. It was
found the predicted un-notched strength is quite
close to the experimental value. For notched strength
prediction, when the characteristic lengths d; is 1
[16], the traditional analytical method can predict the
reduction trend of notched strength of 3D braided
composite to some extent. However, to predict the
open-hole strength of 3D braided composites accu-
rately, the model needs to be modified and improved,
more work need to done on this method.

The relation between the normalized notched
strength and the ratio between the hole diameter is

100 100
Un-notched Un-notched
—2.8mm —2.8 mm
80l 5 mm s | 5 mm
7.8 mm 7.8 mm
——9.5 mm ——8.5mm
11.10 mm 11.10 mm
60
< g
o <1
(]
S 4w} E
20 |
0 / 1 A L N 1 . 1 . 1 ] A 5 3
00 05 1.0 15 20 25 3.0 0.0 05 10 15 20 25 3.0
Displacement, mm Displacement, mm
a b
Fig. 7. Notched specimen Load vs Displacement curves: a — Style |; b — Style Il
- - - ~— = € € [ -
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Fig. 8. Comparison of: a — the experimental and predicted notched strength of 3D braided composites;
b — normalized notched strength versus hole size to width ratio

shown in figure 8,b. Also the data from paper was
present to do the comparison with the 3D braided
composite. As the open-hole size increases, the both
braids lose strength in similar trend, the final notched
strength of Style | is still lower than basic pattern.
Compared to woven laminates, the both two types of
3D braided composites show better performance and
higher notched strength than laminates. The 3D
braids are less insensitive to the circular hole size
compared to woven laminates.

Failure behaviour

In this part, the failure behaviour of un-notched and
notched specimens of 3D braided composites are
presented. Figure 9 show the photographs of un-
notched specimens for Style | and Style Il after the
tension test, respectively. The two types of un-
notched 3D braided coupons perform different failure
behaviour, fibre architecture in the 3D braided com-
posite was found to play a significant role in the dam-
age resistance of the composite. The pure braids
tend to show clear cracks, while it is not true for the
samples with longitudinal yarn, as shown in figure 9.
It is mainly because the damage propagates the axial

Fig. 9. Photographs of un-notched 3D braided
specimens after the tensile tests: a — Style |; b — Style Il

yarn direction. Figure 10 show the picture of the
specimens with different hole size for Style | and
Style Il after tensile test. Compared with un-notched
failure shape, the both notched specimen show con-
sistent failure shape, failure always originated from
the hole edge and along the braiding angle direction,
finally rendering failure of the specimen, whereas
clear crack still show up on pure braided coupons,
but not for samples with axial yarn.

GE
(!‘.1.- i Al

{ m i
ARl il

} -

a

b

Fig. 10. Photographs of notched 3D braided specimens with different hole size after the tensile tests:
a— Style I; b — Style Il
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CONCLUSIONS

In this paper, the notch size effects on two types of
3D braided composites were experimentally exam-
ined, the results were compared to plain woven lam-
inated composites. It is found the 3D braided com-
posites can keep higher proportion residual strength
under tension loading after involving different series
of open hole compared to laminates with same plied
angle. The open-hole pure braids show better perfor-
mance than that the braids with longitudinal yarns,
the lay-in longitudinal yarns improve neither speci-
mens’ un-notched strength, nor the modulus. Consid-
ering the time consuming for the complex preform

with axial yarn, the pure braids will be the right option
for 3D braided structure design. The PSC criterion
was applied to predict the open-hole strength of 3D
braided composite, the predicted value were com-
pared with experimental results. The traditional ana-
lytical method can predict the open-hole residual
strength of 3D braided composite to some extent,
more study should be done on this work in the future.
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Production and analysis of electrospun PA 6,6 and PVA nanofibrous
surfaces for filtration
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SEZEN DONMEZ DING FATMA GOKTEPE

ABSTRACT - REZUMAT

Production and analysis of electrospun PA 6,6 and PVA nanofibrous surfaces for filtration

Electrospun nanofibrous surfaces were produced by using two different polymers (PA 6,6 and PVA) at three different
levels of polymer feeding rate (0.2, 0.6 and 1.0 mi/h, respectively) and three different levels of production time in
electrospinning (5, 10 and 15 minutes, respectively) and the effect of polymer type, polymer feeding rate and production
time was determined by analyzing unit weight and thickness of the nanofibrous membranes as well as fibre fineness
and pore size distributions. The results showed that much finer fibres were produced by PA 6,6 polymer compare to
PVA. The minimum average fibre fineness was 150.96 nm (by PA 6,6 polymer; 0.2 mi/h; 5 min.) while maximum fibre
fineness was 243.43 nm (by PVA polymer; 0.6 mi/h; 15 min.). Similarly, the pore sizes of nanofibrous surfaces produced
by PA 6,6 were smaller compare to the ones produced by PVA polymer. The results also indicated that coarser fibres
were produced as the polymer feed rate and electrospinning time increased. In the second part of the work, composite
structures were obtained by combining nanofibrous surfaces with PP non-woven material and their air permeability and
filtration efficiency by using an aerosol having 0.2—0.33 mm diameter range were analyzed. The air permeability of PA
6,6 nanofibrous surfaces were much higher compare to the ones produced by PVA and quite high filtration efficiency
(99.901 %) was obtained with PA 6,6 nanofibrous surfaces. Also, potential of these nanofibrous surfaces was evaluated
by analysing chemical groups eliminated following their exposure to cigarette smoke which was chosen as a specific
case study.

Keywords: electrospinning, nanofibre, PA 6,6, PVA, nanofibrous surface, filtration

Productia si analiza suprafetelor nanofibroase electrofilate din PA 6,6 si PVA pentru filtrare

Suprafetele nanofibroase electrofilate au fost produse prin utilizarea a doi polimeri diferiti (PA 6,6 si PVA) la trei niveluri
diferite de viteza de alimentare a polimerului (0,2, 0,6 si respectiv 1,0 mi/h), precum si trei intervale diferite de timp de
productie in electrofilare (5, 10 si respectiv 15 minute), iar influenta tipului de polimer, vitezei de alimentare a polimerului
si timpului de productie a fost determinate prin analiza greutatii unitare si a grosimii membranelor nanofibroase, precum
si prin finetea fibrelor si distributia mdrimii porilor. Rezultatele au aréatat cd fibrele mult mai fine au fost produse din
polimerul PA 6,6 comparativ cu PVA. Finetea medie miniméa a fibrelor a fost de 150,96 nm (din polimerul PA 6,6; 0,2
ml/h; 5 min.), in timp ce finetea maxima a fibrelor a fost de 243,43 nm (din polimerul PVA; 0,6 ml h; 15 min.). In mod
similar, dimensiunile porilor suprafetelor nanofibroase produse din PA 6,6 au fost mai mici in comparatie cu cele produse
din polimerul PVA. Rezultatele au indicat, de asemenea, céa fibrele grosiere au fost produse pe masura ce viteza de
alimentare a polimerului si timpul de electrofilare au crescut. In cea de-a doua parte a lucrérii, structurile compozite au
fost obtinute prin combinarea suprafetelor nanofibroase cu material netesut PP, iar permeabilitatea acestora la aer si
eficienta de filtrare au fost analizate prin utilizarea unui aerosol cu un interval al diametrului de 0,2-0,33 mm.
Permeabilitatea la aer a suprafetelor nanofibroase de PA 6,6 a fost mult mai mare in comparatie cu cele produse din
PVA si s-a obtinut o eficienta de filtrare destul de ridicata (99,901%) cu suprafete nanofibroase de PA 6,6. De asemenea,
potentialul acestor suprafete nanofibroase a fost evaluat prin analiza grupurilor chimice eliminate in urma expunerii lor
la fumul de tigard, care a fost ales ca studiu de caz specific.

Cuvinte-cheie: electrofilare, nanofibra, PA 6,6, PVA, suprafatd nanofibroasd, filtrare

INTRODUCTION

Afilter media is utilised to purify air that contains solid
particles (virus, mine dust etc.) or liquid particles
(evaporated water, chemical solvents etc.), therefore
filtration is mainly a seperation process. The main
aim of such surfaces developed for filtration is to
have pore sizes as minimum as possible while pro-
viding maximum filtration efficiency during use. As a
result, including the finest possible fibres in a filtration
media has been one of the important criteria for effi-
cient removal of the particles. In conventional fibre

|
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production methods, however, the fibre fineness
usually varies between 10-50 ym while it might be
reduced down to 3-8 ym by meltblown technique [1].
However, not only the fibre fineness but also the pore
size in a filter media matters as indicated above, i.e.
mesh pore size must be small or thick mesh is
required to remove ultrafine particles so that a filtra-
tion fan can blow the air with high pressure [2]. On
the other hand, small particles such as between
0.04-0.4 ym, are known as the most difficult to get
caught during filtration. Therefore, developing a porous
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filtration mesh surface being able to catch particles of
0.3 um and below at high efficieny has been a chal-
lenging issue. As a result, development of filtration
surfaces including very fine fibres and also being
able to catch such a small particles is a need for bet-
ter filtration. In this respect, electrospun nanofibre
membranes, which can replace glass fibres and
charcoal filters as functional nanofibre based filters or
functional nanofibre combinations [3], gained an
important potential and have been used in air filtra-
tion during last 20 years while a filtration market up to
700 billion USDollar in 2020 was estimated indicating
the potential in this field [4,5]. In this respect, there is
also a continuous search for new production per-
spectives for electrospun nanofibres in filtration.
Production of nonwovens from short electrospun
poymer nanofibre dispersion [6]; production of ultra-
fine (33 and 120 nm) polyamide 6 nanofibre mem-
branes formed with needleless electrospinning [7] or
fabrication of flexible and strong carbon nanofibre
(CNF) membranes by electrospinning capable of effi-
ciently rejecting NP of different sizes and materials
such as Au, Ag, and TiO, from aqueous solution [8]
can be given as examples.

Mainly PAN based nanofibre membranes produced
by electrospinning is developed for ultrafiltration and
nanofiltration [9, 10] while potential of other polymers
have also been explored. Tsai et al. analyzed filtration
performance of electrospun Polycarbonate, PU ve
PEO nanofibre surfaces having 100-500 nm fibre
fineness and tested for 300 nm NaCl aerosols by
comparing with conventional meltblown fabrics [11].
They reported filtration efficiency (78%) of 3 g/m?2
electrospun PEO is equivalent to that of 100 g/m? of
uncharged meltblown fabrics. Similarly, Ahn et al.
studied the performance of electrospun PA6 nanofi-
bre surfaces at different unit weights including fibres
of 80-200 nm and reported surfaces of 5.75 g/m? and
10.75 g/m? exhibit HEPA level filtration efficiency
[12]. Qin and Wang reported high filtration efficiency
of electrospun PVA nanofibre surfaces with average
fibre diameter of 200 nm and average porosity of 740
nm when tested with NaCl areosols of 0.6 um [13].
On the other hand, Guibo et al., reported high filtra-
tion efficiency of electrospun PA6 surfaces, which
have average fibre fineness of 177+39 nm and
porosity of 147.4+42.9 nm, reaching up to 99,98%
efficiency levels produced at different electrospinning
production times [4]. Li and Gao compared filtration
efficiency of electrospun PVA nanofibre membranes
produced at different concentrations and electrospin-
ning production times [14]. The average fibre fine-
ness was 92+21 nm while they used 75+£20 nm
NaCl particles at 32 It/min airflow reporting 99.95%
efficiency. Similarly, Hung reported higher filtration
performance of PEO nanofibre surfaces with fibre
fineness of 100—400 nm for aerosols of 50-500 nm
compared to the microfibre surfaces [15]. Regarding
PEO nanofibrous membranes, the effect of nanofibre
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packing density and nanofibre layer thickness on
filtration performance was studied as well by electro-
spinning these fibres on a microfibre substrate hav-
ing mean PEO fibre diameter of 208 nm [16]. The
results showed that the most penetrating particle
sizes (MPPS) decreased with nanofibre packing den-
sity as the MPPS (NaCl aerosol size ranging from 50
to 480 nm) decreased from 140 to 90 nm when
nanofibre packing density was increased from 3.9 to
36x10~3 while the effect of nanofibre layer thickness
on MPPS is less prominent than that of nanofibre
packing density.

On the other hand, Heikkila et al. studied filtration
performance of different type of polyamides (PA 6, PA
6,6; PA6,12; PA6,14; PA 10,12 and PA 10,14) report-
ing that the finest fibres (120+ 30nm) can be obtained
by PA 6,6 polymer [17] while effect of electrospinning
parameters (such as polymer solution concentration,
voltage, tip-collector distance) on filtration perfor-
mance of PA nanofibrous surfaces electrospun dur-
ing 15, 30, 45 and 60 min was reported by Aliabadi
[18]. There was a significant increase in filtration effi-
ciency of surfaces electrospun at 30 min. compare to
the ones produced at 15 min. while the difference
was not significant between the surfaces produced at
30 min. and 45 min. The effect of electrospinning
parameters such as polymer solution concentration,
voltage, tip-collector distance and duration of electro-
spinning (18, 20, 22 and 24 min.) on filtration perfor-
mance was also studied by Wei et al. by developing
so-called “needleless double rings slit electrospin-
ning” system producing PAN nanofibrous surfaces
[19]. The results showed that mean pore diameter
and its distribution increased as spinning time
increase and filtration efficiency was above 99.9% for
surfaces produced at 18 min. while filtration resis-
tance increased dramatically when spinning time
increased from 18 to 24 min. Similarly, Ahne et al.
studied the effect of electrospinning parameters such
as polymer solution concentration, voltage, tip-collec-
tor distance and duration of electrospinning (up to 30
min.) on filtration performance as well but producing
cellulose acetate (CA) based nanofibres obtaining
maximum filtration efficiency of 99.8% for samples
obtained with deposition time of 30 min. while maxi-
mum filter quality factor was 0.05 Pa~" for a filter cor-
responding to a CA concentration of 20 wt.%, a tip-to-
collector distance of 12.5 cm, a voltage of 8 kV and a
deposition time of 5 minutes [20]. The effect of elec-
trospinning time on filtration performance of PAN
nanofibrous surfaces was also studied showing that
PAN deposition time during electrospinning affected
the filter quality [21]. The results showed that shorter
deposition time of PAN nanofibre mats yields a better
quality factor. It was also observed that thickness uni-
formity of nanofibre mats was getting worse as the
deposition time increased and therefore diminished
filter quality. In another study, nylon nanofibre filters
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were fabricated with five different solution concentra-
tions and five different electrospinning times (1, 1.5, 2,
3, and 4 h) to investigate the effect of fibre diameter,
filter thickness, packing density and face velocity
while a semi-empirical model was applied to predict
PM, 5 removal efficiency [22]. An air filter based on
PVDF branched nanofibres having a basis weight of
1 g/m? with outstanding filtration efficiency (99.999%)
to 0.26 um sodium chloride particles under pressure
drop of 126.17 Pa can be given as another interest-
ing work in this field [23]. On the other hand,
Daneleviciute-Vaisniene et al. produced electrospun
PVA nanofibre membranes, but different from above
works they analysed cigarette smoke filtration perfor-
mance indicating that PVA surfaces were able to
catch organic polar grups, ethers and carboxyl
groups [24]. In this study, FT-IR analysis results of
two layers (PP+PVA web) was compared with PP
non-woven fabric layer itself after exposure to
cigarette smoke filtration which would in fact need
further confirmation including comparison of two
identical structures.

Use of nanofibre webs also contributes significantly
to remove small liquid drops in submicron range as
well. Hajra et al. reported that small addition of
nanofibres on the substrate of glass fibres effectively
captures oil droplets of 210 nm diameter [25]. There
are commercial two-layer composite nanofibre webs
with supporting micron-fibre layer as dust filter bags
capturing particles below 500 nm diameter size [26].
A pleated filter media prepared by nanofibres of 250
nm size wetlaid on a cellulose substrate of 10 mm
fibre diameter is another example [27] while their
potential for textile effluent treatment has also been
studied [28]. A recent work by Shao et al. also show
potential of composite nanofibrous membranes pro-
duced by electrospinning of polyvinyl chloride (PVC)
nanofibres and polyamide-6 (PA6) nanofibres [29].
The removal efficiency was 98.75% for sodium chlo-
ride (NaCl) aerosol particles with a diameter of 0.3
um as their performance was attributed to triboelec-
tric effect between these two adjacent nanofibre
membranes.

As cigarette smoke was chosen as a case study in
this work, a brief discussion of some main findings in
this field has also been included. Poisonuous chemi-
cals in cigarette smoke is known as one of the main
reasons for cancer and it is combination of over 4700
chemical compounds [30] including nicotin as well as
poisonuous compounds like polycyclic aromatic

hydrocarbons (PAHs) and N-nytrocamins [31]. IARC,
on the other hand, indicates that 9 out of 50 chemi-
cals in cigarette smoke are in Group 2A carcinogen
category [32]. Therefore, an efficient filtration of
cigarette smoke is a real need and a challenging
issue. Today, generally natural/synthetic fibrous
materials in tow form are used in cigarette filtres, by
enhancing their filtration ability by additives or special
chemical compounds that have been generally kept
as a trade secret. The fibres used for cigarette filtres
are mainly cellulose diacetate or PP, however, even
use of silk fibres has been reported [33]. By adding
Glycine to remove aldehites from cigarette smoke, or
use of 3-aminopropylsyl groups binded by silica gel
[34] or CGC substance obtained from Ginkgo biloba
plant [35], or use of activated carbon within fibre tows
[36] are examples for different approaches. It is also
clear that maximising specific surface of fibres is
advantageous for an efficient filtration, therefore
fibres with specific cross-section, such as Y-cross-
section, have also been used [37].

In the light of above works, electrospun nanofibre
membranes were produced and their properties were
analysed. During production of nanofibrous surfaces,
two different polymers (PA 6,6 and PVA) were used.
PA 6,6 was specificly chosen due to its high potential
for finer fibre production while PVA was chosen main-
ly because of its common use in electrospinning for
easy spinning conditions. Nanofibrous surfaces at
different unit weights and thicknesses were electro-
spun at three different levels of polymer injection
speed (0.2, 0.6 and 1.0 ml/h, respectively) and three
different electrospinning times (5, 10 and 15 min.,
respectively).

MATERIAL AND METHOD

Production of nanofibre surfaces

Single needle electrospinning set up, that includes
Matsusada AU30-DC (max. 30 kV) high-power sup-
ply and Newera Ne-300 polymer injection pump, was
used for production of nanofibrous surfaces [38]. The
conductivity of polymers was measured by Eutech
conductivity tester while Brookfield DV-F viscosime-
ter was used for viscosity. During production, polymer
fibres were collected as membrane form onto a PP
non-woven surface. Main production parameters were
summarised in table 1 and table 2, respectively.

Table 1
ELECTROSPINNING PARAMETERS
Polymer Needle aauge Distance between
Polymer concentration Solvent (mn%) 9 needle and collector Voltage (kV)
wt (%) (cm)
PVA 10 Distilled water
- - 0.7 10 20
PA 6,6 10 Formic acid
industria textila 334 2021. vol. 72. no. 3



Table 2

ELECTROSPUN NANOFIBROUS SURFACES
PRODUCED IN THE WORK
Sample Ffroduction ti_me Polymer
Polymer code in glectro_spln- feed rate
ning (min.) (ml/h)

PVA 5.02 0.2
PVA 5.06 5 0.6
PVA 5.1 1.0
PVA 10.02 0.2
PVA PVA 10.06 10 0.6
PVA 10.1 1.0
PVA 15.02 0.2
PVA 15.06 15 0.6
PVA 15.1 1.0
PA 5.02 0.2
PA 5.06 5 0.6
PA 5.1 1.0
PA 10.02 0.2
PA 6,6 PA 10.06 10 0.6
PA 10.1 1.0
PA 15.02 0.2
PA 15.06 15 0.6
PA 15.1 1.0

Analysis of nanofibrous surfaces and their
filtration performance

Following production of nanofibre membranes, aver-
age unit weights of surfaces were determined by test-
ing 5 samples each. A digital micrometer (Kanon,
EMS-150 model) with 0.01 mm accuracy was used
for thickness measurement of the surfaces. SEM
(Quanta, Feg 250) was used to analyse the fibre fine-
ness and fineness variation within the nanofibre
membranes together with Adobe Photoshop CS6.
Additionally, pore sizes of nanofibore membranes
were analyzed by Quanta Chrome tester according to
ASTM F316-03 (2011). Following these main charac-
terisation analyses, air permeability of the mem-
branes were tested by Proser air permeability tester
according to TS 391 EN ISO 9237:1999 at sample
size of 5 cm? and pressure of 100 kPa. Certitest 8130
automatic filtration tester having liquid aerosol diam-
eter range of 0.2-0.33 mm and 90-95 It/min flow rate
was used following EN 149:2001 to analyse filtration
efficiency of the nanofibrous surfaces. Also, a basic
test set up was used to simulate a simple cigarette
smoke filtration (figure 1) as a specific case. In this
set up, cigarette smoke was applied for each sample
for 1 min. and following this, nanofibre surfaces are
analyzed by FT-IR (Thermo iS10) to detect the chem-
ical groups filtrated.

|
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Fig. 1. The simple set-up used for cigarette smoke
filtration

RESULTS AND DISCUSSIONS

Viscosity and conductivity of polymer solvents

The typical viscosity and conductivity results of the
polymer solvents at 25°C were given below. The
results showed that viscosity of both polymers was
similar to each other while the conductivity of PA 6,6
polymer was higher (table 3).

Table 3

VISCOSITY AND CONDUCTIVITY VALUES
OF POLYMER SOLVENTS

Polymer Viscosity Conductivity
solutions (cP) (mS/cm)
PVA 810.0 575
PA 6,6 800.8 658

Characterisation of nanofibrous surfaces

The typical SEM images show that fibrous mem-
branes were evenly produced by these two polymers
(table 4). As the polymer feed rate increased during
electrospinning, coarser fibres were produced as
expected since the effect of polymer feed rate on
fibre fineness is well-known as lower flow rates yield-
ing fibres with smaller diameters [39, 40], although
the increase in fibre fineness is more significant when
PVA polymer was used (figure 2, a). The variation in
fibre fineness also increased at higher polymer feed-
ing rate. The effect of electrospinning time on fibre
fineness was also analyzed as the results indicate
that fibres get coarser as production time in electro-
spinning increases (figure 2, b). This is probably as a
result of the decrease in conductivity when fibrous
membrane surfaces get thicker on the collector dur-
ing production in electrospinning.

Regarding the effect of electrospinning time on unit
weight and thickness of fibrous mesh, the results
were given by figure 3. These findings show that both
unit weight and thickness values increase as the
electrospinning time increases, as expected.
However, there is almost 95% increase in unit weight
at 10 min. compare to 5 min. electrospinning time,
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Table 4

TYPICAL EXAMPLES OF SEM IMAGES OF ELECTROSPUN NANOFIBROUS SURFACES AND THEIR FIBRE
FINENESS DISTRIBUTIONS

Diameter (nm)
Sample - Sem image Fibre fineness
code N Min. Max. | Mean SD 9 distribution
(nm) (nm) (nm) (nm)
PA5.06 | 50 | 134.12 | 202.43 | 165.35 | 17.59 I P
PA10.06 | 50 | 135.51 | 208.35 | 169.06 | 20.60
PA15.06 | 50 | 144.90 | 211.00 | 182.98 | 22.67
PVA5.06| 50 | 180.34 | 273.87 | 225.39 | 20.53
PVA10.06) 50 | 188.50 | 289.09 | 234.96 | 26.60
PVA15.06) 50 | 192.08 | 265.56 | 243.43 | 27.57

while the increase at 15 min. is much lower. This
result can be attributed to the decrease in conductiv-
ity on collector surface due to the increase in fibre
layer thickness as production continues. Similar find-
ings were reported by Guibo et al. earlier during elec-
trospinning of PA 6 polymer [4]. However, with PVA
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polymer, the increase in unit weight at 10 min. com-
pare to 5 min. is % 71, i.e. much lower value compare
to the results obtained by PA 6,6 polymer. That can
be explained by lower conductivity of this polymer.

The typical porosity values of the nanofibrous sur-
faces produced by this work were also analysed by
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Fig. 2. The effect of: a — polymer feeding rate on fibre fineness; b — production time in electrospinning on fibre fineness
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Fig. 3. The effect of production time in electrospinning on unit weight (a) and thickness (b) of nanofibrous surfaces
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Fig. 4. Typical pore size distrubutions of electrospun
nanofibrous surfaces

testing one sample type only to obtain a general idea
(figure 4). The results show that nanofibrous surfaces
produced by PA 6,6 have smaller pore size compare
to PVA indicating their potential for better filtration
performance. Smaller pore sizes with PA 6,6 nanofi-
brous surfaces is an expected result as surfaces with
larger fibres would have larger holes [41].

Filtration performance

The air permeability test results of PA 6,6 and PVA
nanofibrous surfaces were given by figure 5. The test
results showed that fibrous meshes with PA 6,6
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polymer exhibit better air permeability performance,
most probably owing to much finer fibres that these
filter media contain. On the other hand, the results
showed that air permability of structures decreased
as electrospining time and polymer feed rate
increased due to the increase in both thickness of
mesh layer and its constituent fibres. Similarly, signif-
icant effect of spinning time on the filtration property
of the nanofibre membrane, especially on filtration
resistance was reported earlier [19]. However, it is
worth noting that effect of production time was more
significant when PVA polymer was used compare to
PA 6,6.

Following air permability tests, the structures were
also tested for liquid aerosol filtration efficiency.
These tests were applied for PA 6,6 nanofibrous sur-
faces only as the filtration efficiency tests were failed
during the test of PVA meshes probably due to their
low tenacity and sensitivity for aerosols as well as
their low air permeability as indicated by figure 5.
Regarding PA 6,6 nanofibrous surfaces, the test
results given by figure 6 indicate an increase in filtra-
tion efficiency as electrospinning time and feeding
rate increases, as expected. It was reported earlier
that longer fibre production time makes the fibrous
media denser and has positive effect on filtration effi-
ciency [42] also indicating an increase in filtration
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Fig. 5. Air permeability test results of nanofibrous surfaces produced by: a — PA 6,6; b — PVA

efficiency by increase in spinning time [19]. The high-
est performance was obtained with the structures
produced at 1.0 ml/h polymer feed rate and at 10 min.
electrospinning time. However, the increase in effi-
ciency of the structures produced at 5 min. and
10 min. was greater compare to the ones produced
at 10 min. and 15 min.

Finally, the nanofibrous membranes were exposed to
cigarette smoke by using filtration set up shown by
figure 1. Then, FT-IR spectrums of nanofibrous struc-
tures produced by PA 6,6 and PVA polymers, given
by figure 7 was analyzed in comparison with unex-
posed structures. Following filtration, regarding PA
6,6 membranes; the peak at 1713 cm~! belong to
(C=0) bonds indicating filtration of aldehit, kethon,
carboxylic acids or esther functional groups while the
peak at 1053 cm~! indicates (C-O) bonds at primer
alcohols, ethers or esters. For PVA nanofibrous
membranes, however, peaks at 2917 cm~1, 1707 cm™"
and 1600 cm~" belonging to alkans, carbonyl groups
and aromatic rings, respectively were oserved indi-
cating aldehits, esthers, carboxyclic acides and
kethons. As indicated earlier, cigarette smoke filtra-

100.00

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

5 min. 10 min. 15 min.

WPA6.6,02mlh
PA6.6, 0.6 milh
PAB.6, 1 mih

Filtration efficiency, %

Production duration

Fig. 6. Aerosol filtration efficiency of nanofibrous
surfaces produced by PA 6,6

tion performance of electrospun PVA nanofibre mem-
branes was studied earlier as well indicating that PVA
surfaces were able to catch organic polar grups,
ethers and carboxyl groups [24], however FT-IR anal-
ysis results of two layers (PP+PVA web) was com-
pared with only PP non-woven fabric layer itself after
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Fig. 7. FT-IR spectrum of: a — PA 6,6 nanofibrous structures; b — PVA nanofibrous structures before and after
cigarette smoke filtration

industria textila

ﬂl

2021. vol. 72. no. 3




exposure to cigarette smoke filtration. Therefore the
results at figure 7 can be considered a further study
by comparing results of two identical nanofibrous
structures before and after smoke filtration.

CONCLUSIONS

In this work, 18 different nanofibrous surfaces were
produced by PVA and PA 6,6 polymers by electro-
spinning at three different levels of polymer feeding
rate (0.2; 0.6 and 1.0 ml/h, respectively) and three
different levels of electrospinning time (5, 10 and 15
min., respectively). These structures were analysed
in terms of fibre fineness distrubition, membrane
thickness and unit weight. Then, selected nanofi-
brous surfaces were analysed for their pore size dis-
tributions, air-permeability, aerosol filtration efficien-
cy. In addition to that, they were tested on a simple
set-up to analyse their cigarette smoke filtration
potential that was chosen as a specific case.

The results show that much finer fibres were pro-
duced by PA 6,6 polymer compare to PVA polymer.
The pore sizes of PA 6,6 membranes were smaller in
comparison to PVA membranes as well. During elec-
trospinning process, much coarser fibres were pro-
duced as the polymer feed rate and electrospinning
time increased reducing air-permeability of these
nanofibrous surfaces as expected. The minimum

average fibre fineness was 150.96 nm produced by
using PA 6,6 polymer at 0.2 ml/h polymer feed rate
and 5 min. production time while maximum average
fibre fineness was 243.43 nm produced by using PVA
polymer at 0.6 ml/h and 15 min. The air permeability
of PA 6,6 nanofibrous surfaces were much higher
compare to the ones produced by PVA. Aerosol filtra-
tion efficiency test results showed quite high efficien-
cy (99.901 %) can be obtained with PA 6,6 nanofi-
brous surfaces (electrospun at 1ml/h and 10 min.)
indicating that PA 6,6 nanofibrous surfaces have
potential for such applications. The test results also
showed that filtration efficiency increased as polymer
feed rate and electrospinning time increased. On the
other hand, the cigarette smoke tests carried out in
this work showed that mainly PA 6,6 membranes can
filtrate carboxylic acids and primer alcohols while
PVA membranes can filtrate alkans.
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ABSTRACT - REZUMAT
Investigation of the effects of antibacterial finishing on some mechanical properties of cotton sheet fabrics

In this article, it is aimed to determine the effect of the antibacterial finishing process applied to bed linen fabrics, which
are widely used in the market, on some mechanical properties of the fabric. Antibacterial finishing process was applied
to the fabric produced for this purpose under operating conditions and wrinkle strength, tear strength and abrasion
resistance levels were made on these fabrics. Measurements were made before and after antibacterial finishing. The
resulting results were evaluated among themselves and processed in SPSS (Statistical Package for Social Sciences)
21.0 program. Since the number of processed data is less than 50 according to greige fabric and antibacterial treated
fabric measurements, it has been tested with Shapiro-Wilk analysis. The homogeneity of the test variances of the data
was done with Levene homogeneity test. Tear strength, creasing angle and abrasion resistance test results are focused
on how scientifically meaningful the effects of process parameters and interactions on fabric properties are in
accordance with statistical analysis. As a result of the analysis, it was revealed that the results obtained from the tear
strength, wrinkle angle and abrasion resistance tests were statistically significant and as a result, the antibacterial
process parameters negatively affect the wrinkle strength, tear strength of the cotton fabric; it was found to affect the
wear resistance positively.

Keywords: antibacterial textiles, medical textiles, greige fabric, wrinkle test, tear test, abrasion level

Analiza influentei finisarii antibacteriene asupra unor proprietéti mecanice ale tesaturilor din bumbac

In acest articol, s-a urmdrit determinarea influentei procesului de finisare antibacteriand aplicat teséaturilor pentru lenjeria
de pat, care sunt utilizate pe scara larga pe piatd, asupra unor proprietafi mecanice ale tesaturii. Procesul de finisare
antibacteriand a fost aplicat tesaturiilor produse pentru acest domeniu de utilizare, iar rezistenta la sifonare, rezistenta
la rupere si rezistenta la abraziune au fost determinate pentru aceste tesaturi. Masuratorile au fost efectuate inainte si
dupéd finisarea antibacteriand. Rezultatele au fost evaluate si prelucrate in programul SPSS 21.0 (Pachetul statistic
pentru stiinte sociale). Deoarece numaérul datelor prelucrate este mai mic de 50, in functie de determinérile efectuate pe
fesdtura cruda si pe teséturile tratate antibacterian, acestea au fost testate cu analiza Shapiro-Wilk. Omogenitatea
variantelor de testare a datelor a fost realizatd cu testul de omogenitate Levene. Rezistenta la rupere, unghiul de
sifonare si rezultatele testelor de rezistenta la abraziune sunt axate pe cat de semnificativa din punct de vedere stiintific
este influenta parametrilor procesului si interactiunile asupra proprietétilor tesaturii, in conformitate cu analiza statistica.
Ca rezultat al analizei, s-a demonstrat c& datele obtinute din testele de rezistenta la rupere, unghiul de sifonare si
rezistenta la abraziune au fost semnificative din punct de vedere statistic si, prin urmare, parametrii procesului
antibacterian influenteaza negativ rezistenta la sifonare si rezistenta la rupere a tesaturii de bumbac, s-a constatat ca
influenteaza pozitiv rezistenta la abraziune.

Cuvinte-cheie: textile antibacteriene, textile medicale, tesétura cruda, test de rezistenta la sifonare, test de rezistenta
la rupere, nivel de abraziune

INTRODUCTION

Hospital beds in the hospital environment used like
bed sheets, bedspreads and pillows microorganisms
placed between textile structures damage to the tex-
tile product itself and the user can give. In this study;
After giving general information about woven fabric,
factors affecting fabric characteristics hospital infec-
tions, after antibacterial finishing treatment applied to
bed linen fabrics used in the hospital, it was investi-
gated how the fabric affects the wrinkle strength, tear
strength and abrasion resistance properties of cotton
fabric. Odor and color change in textile products
where bacteria reproduce and loss of quality and
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performance [1]. Many researchers have done stud-
ies for the effectiveness of bacteria in fabrics. Isys AG
was used in antibacterial dispersion fabrics contain-
ing silver ions. Cotton/Polyester blends are used to
combine the water absorbency and natural properties
of cotton and the durability of polyester. In addition,
with this mixture, along with the price advantage of
polyester, a decrease in product price is observed.
Such sheets can be used longer. They show similar
properties with 100% cotton fabric antimicrobially [2].
It is the application of the finishing agent that will
change the properties of use or appearance, dis-
solved/ homogeneously dispersed in a liquid to the
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fabric [3]. Perelshtein et al. [4] revealed excellent
antibacterial activity against Ag-fabric Escherichia coli
(gram-negative) and Staphylococcus aureus (gram-
positive) cultures. Balakumaran et al. [5] investigated
AgNP-coated cotton fabrics exhibited broad-spec-
trum antibacterial activity against all tested
pathogens. HR-SEM micrographs of cotton fabrics
coated with AgNPs exhibited a rough surface, and
the presence of nanoparticles on the cotton surface
was also observed and demonstrated the importance
of developing this method. The treated cotton fabric
Escherichia coli and Staphylococcus aureus bacteri-
al reduction efficiency resulted in good quantitative
and qualitative antimicrobial activity. They showed
excellent resistance to biodegradation caused by soil
microflora. They also demonstrated the high durabili-
ty of antimicrobial activities obtained even after 20
wash cycles; where E. coli and S. aureus achieved a
99.1% and 98.7% reduction in the number of bacte-
ria, respectively [6]. The antibacterial fabric with
758 mg/kg silver nanoparticles on surface cotton was
highly effective in killing test bacteria and had excel-
lent water resistance [7]. It is a simple and inexpen-
sive procedure to prepare antibacterial cotton fabric
using silver nanoparticles (AgNPs) and biodegrad-
able GT. To investigate the effectiveness of antibac-
terial power, different concentrations of GT (2, 4 and
6 g/l) were applied, together with a constant amount
of Ag (5%; based on the weight of dry GT used in
solutions). The effects of E. coli and Staphylococcus
aureus cotton fabric on their physical, mechanical
and biological properties and the presence of a small
amount of composite structure AgNP were sufficient
to increase the antibacterial activity of fabrics com-
pared to only GT treated fabric [8]. Kittinaovarat et al.
made to use glycosal and chitosan in a single-stage
finishing process in order to give antibacterial effica-
cy with durable press performance to cotton fabrics.
The Glyoxal process provided good wrinkle-resistant
properties and fair antibacterial activity on the fin-
ished fabrics, but there was a decrease in the tensile
strength of the finished fabrics. Added to the combi-
nation of this system, chitosan gave similar results in
wrinkle-resistant and antibacterial properties, as did
glycosal on finished fabrics. The advantage of chi-
tosan in the combination of glycosal and chitosan
system was that it did not adversely affect the break-
ing strength [9]. The coating of Ag NPs on cotton fab-
ric showed excellent antibacterial properties and
washing resistance, after 50 consecutive wash cycles
for S. aureus and E. coli. Bacterial reduction rates (BR)
versus E. coli remained above 95% [10]. QingBo Xu
et al. investigated L-cysteine (Cys) and silver nano-
particles (Ag NPs) that were successfully bonded to
cotton fabric surfaces. Bacterial reduction rates (BR)
efficacy for scherichia E. coli and S. aureus reached
100%. After 50 consecutive wash cycles, bacterial
reduction rates (BR) against E. coli and S. aureus
were kept above 97% [11].
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MATERIAL

It is decided to use the most woven cotton cloth foot
sheet which antibaterial %100 cotton plan fabrics in
the hospitals for use in the experiments. The fabric is
woven in a Picanol air-jet weaving machine with a
width of 240 cm. Burning, desizing, bleaching, optical
bleaching and calendering processes were carried
out in the operating environment, respectively. The
substance called Isys AG is a silver-containing dis-
persion, a textile finishing product with a bacteriostat-
ic effect. K A good antibacterial activity was observed
against the MRSA isolate in the fabric, and it was
observed that the fabric showed a weak antibacterial
activity against the E.coli isolate. No antibacterial
activity of the fabric against other 4 bacteria was
observed. The effectiveness of antibacterial activity
will decrease depending on the type of chemical sub-
stance that has antibacterial effect, the duration of its
activity on the fabric, and physical factors such as
washing and wear. In general, antibacterial termina-
tion was found to be effective against MRSA and
E. coli, which are common isolates of hospital infec-
tions.

METHOD

In the research, it was aimed to compare the greige
fabric with the antibacterial fabric by making mea-
surements in terms of wrinkle strength, tear strength
and abrasion resistance. Within the scope of the
research, data collected as warp and weft in terms of
wrinkle and tear strength of greige fabric and antibac-
terial treated fabric and data collected in terms of
abrasion resistance were processed into SPSS
(Statistical Package for Social Sciences) 21.0 pro-
gram. Since the number of processed data is less
than 50 according to greige fabric and antibacterial
treated fabric measurements, it has been tested with
Shapiro-Wilk analysis. The homogeneity of the test
variances of the data was done by Levene homo-

geneity test. 111 g/m? of greige plain woven fabric
30 warp per cm every warp 740 tour per m, 26 weft
per cm and weft yarn 600 tour/m. The pre-finishing of
our woven cotton fabric was carried out in the dye-
house environment. In the laboratory, the physical
properties of the fabric before and after processing
were measured and compared.

Test results were recorded in SPSS (Statistical
Package for Social Sciences) 21.0 program. Since
the number of processed data is less than 50 accord-
ing to greige fabric and antibacterial treated fabric
measurements, it has been tested with Shapiro-Wilk
analysis. The homogeneity of the test variances of
the data was done by Levene homogeneity test. iSys
AG is sensitive to over 40°C and cold; Permanent
changes occur at temperatures close to the freezing
point. Thanks to its nano-sized silver content, the
antimicrobial property, which is very well achieved
with iSys AG, is obtained and this process is done in
scarfs. Prepare 10.0g/l iSys MTX, 0.5 g/l iSys AG,
20.0 g/l TUBINGAL HWS, 0.5 g/l KOLLASOL CDO at
pH 5.5. Pick-up 100% Drying is fixed at 120°C veC
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and 170°C, fix for 30 seconds Tests on the fabric
were checked by processing and processed fabric
samples. 6 different bacterial isolates (MRSA)
ATCC 43300, Enterococcus faecalis ATCC 29212,
Streptococcus pneumoniae ATCC 49619, Escherichia
coli ATCC 25922, Klebsiella pneumoniae ATCC
700603 ve Pseudomonas aeruginosa ATCC 27853)
in the microbiology laboratory were apliciated.
AATCC 147 diffusion method and AATCC 100 are
quantitative analysis methods [12]. In AATCC 147,
diffusion test method, pre-prepared bacterial concen-
trations are poured into the medium and then 25 mm
diameter sample fabrics are placed. After the sample
fabrics are kept at 37°C for 24 hours, the effective-
ness of the sample fabric is determined by measur-
ing the diameter formed around the fabric (inhibition
zone diameter).

In the Agar Diffusion Method, which is a quantity
method, the antibacterial activity of antimicrobial
treated fabrics can be observed and comments can
be made about the effectiveness (Palamut et al.).
Tear strength tests of sample fabrics were carried out
in the EImaTear Digital Tear Strength Meter in accor-
dance with the TS EN ISO 13937-1 standard. Test
samples are 100 +/—= 2 mm long and 75 +/— 2 mm
wide. 20 +/— 0.5 mm notch is opened from the lower
middle part of the sample. 5 different experiments are
carried out in the direction of weft and warp and the
average of these values is given as the average tear
strength [13]. Determination of the abrasion resis-
tance of the sample fabrics was made 15 times from
two different fabrics that had undergone antibacterial
treatment for Martindale crease angle test based on
TS EN ISO 12945-1 standard. The numbers in table
1 are the arithmetic mean of the different number of
measurements as per the standard. Fabric creasing
angle was measured separately for weft and warp
direction. In samples measured for both weft and
warp direction; half of the sample was measured with
the fabric side facing the fabric and the other half with
the fabric opposite.

Table 1
WRINKLE ANGLE TESTS FOR GREIGE FABRIC
AND ANTIBACTERIAL FABRIC (ISO 2313)
Greige fabric Antibacterial fabric
Samples (degree) (degree)
Warp Weft Warp Weft
1 62 88 42 72
2 66 85 50 70
3 60 80 44 70
4 58 84 40 66
5 64 74 40 64
6 68 70 44 68
7 63 72 42 66
8 60 76 40 60
9 60 80 38 56
10 60 88 38 62
11 52 80 42 66
12 55 80 44 64
13 58 82 40 62
14 54 80 36 68
15 54 80 44 58

Tear strength test results applied to antibacterial
treated and untreated fabrics are shown in table 2.
Each value in table 2 is the arithmetic mean of 5 dif-
ferent tear strengths. As seen in table 1, after the
antibacterial finishing process, there was a decrease
in the creasing strength (angle) of both warp and weft
direction.

Comparing Greige fabric and antibacterial finishing
fabric wrinkle testin figure 1, it is clearly seen that
antibacterial fabrics affect negatively wrinkle angle.
After the antibacterial finishing process, the tear
strength decreased in both warp and weft directions
(table 2 and figure 2). There was an increase in abra-
sion resistance after antibacterial finishing (table 3).

100 100
80 80
60 60
40 40
20 20
0 0
123456 7 8 9101112131415 1 2 34 5 67 8 9101112131415
Greige fabric Antibacterial fabric Greige fabric = Antibacterial fabric
a b
Fig. 1. Greige fabric and the antibacterial finishing fabric are compared with wrinkle test:
a — Wrinkle test warp direction; b — Wrinkle test weft direction
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Fig. 2. Greige fabric and the antibacterial finishing fabric are compared with the creasing strength levels:
a — tear streght with warp direction; b — tear streght with weft direction
Table 2 Table 3
TEAR STRENGTH TEST RESULTS MARTINDALE ABRASION RESISTANCE TEST
(TS EN ISO 13937-1) RESULTS (TS EN ISO 12947-1)
Greige fabric Antibacterial fabric Samoles Greige fabric Antibacterial fabric
Sarmol (N) (N) P (Tour) (Tour)
amples
P Warp | Weft | Warp | Weft 1 18150 19750
direction | direction | direction | direction 2 19050 19650
2 88 8.0 8.0 6.1 4 18800 19900
3 9.2 8.0 8.0 6.2 5 18250 19850
4 9.0 79 82 7.0 6 18300 19350
5 88 75 8.1 6.3 7 19050 19450
8 9.2 7.0 8.0 6.9 10 18900 19400
14 7.5 6.2 6.8 5.8
15 7.6 6.4 6.8 6.1
20500
20000
Martindale Abrasion and Pilling gauge test on the 19500
sample fabrics was made in accordance with the TS 00

EN ISO 12947-1 standard (table 3).

The results of greig and antibacterial fabric abrasion
clearly show that the antibacterial process con-
tributes greatly to the greig fabric in terms of abrasion
in figure 3.

In table 4, the normality and homogeneity assump-
tions of the data distributions obtained from the pro-
cesses applied to the greige fabric and antibacterial
treated fabrics were examined. The results of
Shapiro-Wilk statistic scores of both fabrics are not
significant compared to p>0.05, it is concluded that
all score distributions meet the normality assumption,
that is, normal distribution. According to Levene
homogeneity test results, it is concluded that test
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Fig. 3. Asbrasion resistance levels of the greige fabric
and the antibacterial treated fabric are compared

variances according to p>0.05 are distributed homo-
geneously, that is, they meet the assumption of
homogeneity. It is seen that the distribution of the
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Table 4

SHAPIRO-WILK NORMALITY TEST AND LEVENE HOMOGENEITY TEST, *p<0.05
. Shapiro-Wilk Levene Homogeneity Test
Group Fabric Group —
Statistic sd p F(1-28) p
. . Warp 0.969 15 0.838 10.201 0.282
Greige fabric
(wrinkle angle) Antibacterial Warp 0.928 15 0.254 1.201 0.282
treated fabric Weft 0.971 15 0.866 0.000 0.988
. . Warp 0.923 15 0.217 1.615 0.214
Greige fabric
Weft 0.927 15 0.243 1.816 0.156
Tear strength (N)
Antibacterial Warp 0.888 15 0.062 1.615 0.214
treated fabric Weft 0.945 15 0.456 1.816 0.156
Martin deal abrasion | Greige fabric Greige fabric 0.917 15 0.202 1.865 0.063
resistant test Antibacterial Antibacterial
(number of tours) treated fabric fabric 0.896 15 0.142 1.865 0.063

points obtained from the data is continuous data and
at the level of equal intervals.

The sampling of these two fabrics is independent of
each other, the dependent variables are measured at
the range or ratio scale level, and the assumptions of
normality and homogeneity meet the parametric test
assumptions.

According to table 1, after the antibacterial finishing
process, the shrinkage strength (angle) decreased in
both warp and weft direction. According to table 2,
after the antibacterial finishing process, the tear
strength decreased in both warp and weft direction.
According to table 3, there was an increase in the
abrasion resistance after antibacterial finishing.

In table 5, the wrinkle strength levels of greige fabric
and antibacterial treated fabric are compared in
terms of warp. Wrinkle strength (angle) in terms of
warp of greige fabric (X = 59.60 degree) and crease
strength (angle) in terms of warp to antibacterial
treated fabric (X = 41.60 degree), t 44y = 14.91, It is
seen that there is a significant difference according to
p = 0.000 < 0.05. After the greige fabric is treated with

antibacterial, it is seen that the creasing strength
(angle) decreases in terms of warp, that is, the
decrease of this angle is perceived as a negative
result. In this respect, in order to reduce the creasing
angle, the greige fabric should be treated with
antibacterial in terms of warp.

Table 6 is examined, it is seen that in terms of weft,
the greige fabric and the antibacterial finishing fabric
are compared with the creasing strength levels.
t(14)= 8.9, between the crease strength ()_( =79.93
degre) in terms of weft of the greige fabric and the
crease resistance ()_( = 64.80 degre) in terms of weft
to the antibacterial treated fabric It is seen that there
is a significant difference according to p =0.000 <
0.05. After the greige fabric is treated with antibacte-
rial, it is seen that the creasing strength (angle)
decreases in terms of weft, that is, the reduction of
this angle is perceived as a negative result. In this
respect, in order to reduce the creasing angle, the
greige fabric should be treated with antibacterial in
terms of weft.

Table 5

PAIRED-SAMPLE T-TEST RESULTS REGARDING THE DIFFERENCE BETWEEN LEVELS OF WRINKLE
STRENGTH IN TERMS OF GREIGE FABRIC AND ANTIBACTERIAL TREATED FABRIC , *p<0.05

Parameter Warp direction No. Mean S t sd P
. Greige fabric 15 59.60 4.60
Wrinkel strength - - - 14.91 14 0.000*
Antibacterial treated fabric 15 41.60 3.40
Table 6

TREATED FABRICS

DIFFERENCES BETWEEN WEFT CREASING STRENGTH (ANGLE) OF GREIGE FABRIC AND ANTIBACTERIAL

Parameter Weft direction No. Mean S t sd p
) Greige fabric 15 79.93 5.27
Wrinkel strength - - - 8.97 14 0.000*
Antibacterial treated fabric 15 64.80 4.59
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Table 7

T-TEST RESULTS REGARDING THE DIFFERENCE BETWEEN TEAR STRENGTH LEVELS IN TERMS OF RAW
WARP DIRECTION AND ANTIBACTERIAL TREATED FABRIC WARP, *p<0.05

Parameter Warp direction No. Mean S t sd ¢]
Greige fabric 15 8.53 0.77
Tear strength - - - 10.16 14 0.000*
Antibacterial treated fabric 15 7.69 0.62
Table 8

T-TEST RESULTS REGARDING DIFFERENCE BETWEEN TEAR STRENGTH LEVELS IN TERMS OF GREIGE
FABRIC AND ANTIBACTERIAL TREATED FABRIC, *p<0.05

Parameter Weft direction No. Mean S t sd o]
Greige fabric 15 7.05 0.74
Tear strength - - - 4.41 14 0.001*
Antibacterial treated fabric 15 6.35 0.48
Table 9

T-TEST RESULTS REGARDING THE DIFFERENCE BETWEEN THE ABRASION RESISTANCE
STRENGTH LEVELS OF GREIGE FABRIC AND ANTIBACTERIALLY TREATED FABRIC, *p<0.05

Parameter Fabric type No. Mean S t sd ¢]
Abrasion resistant Greige fabric 15 18750.00 | 355.57 703 14 0.000*
strength Antibacterial treated fabric 15 19596.67 | 193.16 ' ’

As seen in figure 2, antibacterial treatment negative-
ly affected the tear strength of Greige fabric and
antibacterial finish fabric tear strength results.
According to table 7, the tear strength levels of the
greige fabric and the antibacterial treated fabric are
compared in terms of warp. Between tear strength
mean (X = 8.53 N) of warp in terms of warp and tear
strength mean (X = 7.69 N) of antibacterial treated
fabric in terms of warp t(14) = 10.16, It is seen that
there is a significant difference according to p = 0.000
< 0.05. After the greige fabric is treated with antibac-
terials, it is seen that the tear strength (Newton)
decreases in terms of warp, that is, the decrease in
this weight is perceived as a negative result. It is
seen that antibacterial finishing process negatively
affects the weft tear strength.

In table 8, the tear strength levels of the greige fabric
and the antibacterial treated fabric are compared in
terms of weft. {14y = 4.41, between the tear strength
(X =7.05 newton) in terms of weft of the greige fab-
ric and the tear strength (X = 6.35 newton) in the
antibacterial treated fabric It is seen that there is a
significant difference according to p = 0.001 < 0.05.
After the greige fabric is treated with antibacterials, it
is seen that the tear strength (newton) decreases in
terms of weft, that is, the decrease in this weight is
perceived as a negative result. It is seen that the
antibacterial finishing process negatively affects the
warp tear strength.

According to table 9, the abrasion resistance levels of
the greige fabric and the antibacterial treated fabric
are compared. Abrasion resistance strength (number
of tours) of greige fabric (X = 18750.00) and abrasion
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resistance (number of tours) of fabric treated with
antibacterials (X = 19596.67) t14)= 7.03, p =0.000 <
0.05 It is seen that there is a significant difference. It
is seen that the abrasion resistance (number of turns)
increases after the greige fabric is treated with
antibacterial. In this respect, it is seen that the
antibacterial process has a positive effect on fabric
abrasion resistance.

After antibacterial finishing, there was a decrease in
the creasing strength (angle) of both warp and weft
direction. In other words, sheets with antibacterial fin-
ishing are wrinkled more. Wrinkle angle of flexible
fabrics is higher. Since the antibacterial finishing pro-
cess reduces fabric flexibility, it negatively affected
the creasing angle of the treated fabric. In addition,
the antibacterial finishing process creates extra
weight on the fabric, and the wrinkle angle may be
adversely affected after the applied force. As a result
of Sema Palamutcu et al. 2008 project, it was
observed that the fabric tear strength decreased after
antibacterial treatment [14]. These results support
the results of our thesis. There was an increase in
abrasion resistance after antibacterial finishing. In
other words, sheets with antibacterial finishing are
less and hard to wear. We can say that there is an
increase in the abrasion resistance since the chemi-
cal surface is coated with an antibacterial finishing
process.

CONCLUSIONS

A good antibacterial activity was observed against
the MRSA isolate in the fabric, and it was observed
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that the fabric showed a weak antibacterial activity
against the E. coli isolate. The effectiveness of the
antibacterial activity will decrease, depending on the
type of chemical substance that shows antibacterial
effect, the duration of its activity on the fabric, the
physical factors such as washing and tearing.

After the antibacterial finishing process, the wrinkle
strength (angle) of warp and weft direction decreas-
es, so these sheets become more wrinkled. Wrinkle
angle of flexible fabrics is higher. Since the antibac-
terial finishing process reduces fabric flexibility, it
negatively affected the creasing angle of the treated
fabric. In addition, the antibacterial finishing process
creates extra weight on the fabric and the wrinkle
angle may be adversely affected after the applied
force.

After the antibacterial finishing process, the tear
strength decreased in both warp and weft directions.
In other words, sheets with antibacterial finishing
treatment can be torn more easily. The tear strength
of flexible fabrics is higher as the yarns can slip more
easily over each other. Since the antibacterial finish-
ing process reduces fabric flexibility, a reduction in
tear strength occurred.

In the conclusion of Huriser Balcr’s thesis study in
2006, the characteristics that antibacterial process
parameters negatively affect cotton fabric; tensile

tensile, tear strength, creasing properties, water and
sweat fastness [15]. As a result of Sema Palamutcu
et al. 2008 project, the decrease in fabric tear
strength after antibacterial treatment supports the
study [14]. There was an increase in abrasion resis-
tance after antibacterial finishing. An improvement
has been observed in this regard. It can be said that
there is an increase in the abrasion resistance since
the chemical surface is coated with antibacterial fin-
ishing process. Wrinkle strength, tear strength; the
positive effect was the abrasion resistance. Along
with the antibacterial process applied in the studies to
be carried out, it should definitely be evaluated in
decreases in the mechanical properties besides the
feature to be gained to the fabric.

The studies that can be done in the next periods are
mentioned respectively. Comparison can be made
with different chemical structured antibacterial finish-
ing agents by applying finishing to fabrics of different
weaving types. Relationships between different
mechanical properties such as tensile strength, seam
strength, bursting strength can be examined by
antibacterial finishing.

Antibacterial finishing process; chemical properties
such as fastness and sensory properties such as atti-
tude and touch can be examined.
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ABSTRACT - REZUMAT

A new perspective in e-learning training toolkit development for advanced textile research centres
in Morocco and Jordan

This paper presents an overview of training/learning tools for advanced textile research centres in Morocco and Jordan.
Within the Erasmus+ FOSTEX project, the main courses necessary for the training of researchers and students enrolled
in master’s or doctoral programs in Morocco and Jordan and who will work within the advanced research centres have
been identified and selected. Starting from good European practices on learning, teaching, research and testing
services, several courses have been structured that offer knowledge on international conformity certification,
standardization, quality management, testing/inspection, labelling, integration of technical specifications, testing
physical-mechanical, colour resistance testing, tests specific to instrumental analysis and development of advanced
materials. In order to improve the skills of human resources (research staff, masters and doctoral students), the
Erasmus+ FOSTEX consortium has developed an extensive toolkit of learning-training, thematic workshops and
services appropriate to the equipment purchased by partners in Morocco and Jordan for research centres in the field of
advanced textiles.

Keywords: research, advanced materials development, testing, standardization, e-learning, training

O noua perspectiva in dezvoltarea setului de intrumente de formare e-learning pentru centrele de cercetare
in domeniul textilelor avansate din Maroc si lordania

Aceasta lucrare prezintd o vedere de ansamblu a instrumentelor de formare/invétare pentru centrele cercetare in
domeniul textilelor avansate realizate in Maroc si lordania. In cadrul proiectului Erasmus+ FOSTEX au fost identificate
si selectate principalele cursuri necesare pentru formarea cercetatorilor si studentilor inscrisi in programe de masterat
sau doctorat din Maroc si lordania si care vor lucra in cadrul centrelor de cercetare avansata. Pornind de la bunele
practici europene privind invétarea, predarea, activitatea de cercetare si serviciile de testare, au fost structurate mai
multe cursuri care oferd cunostinte despre certificarea de conformitate internationald, standardizare, managementul
calitatii, testare/inspectie, etichetare, integrarea specificatiilor tehnice, testare fizico-mecanica, testarea rezistentei
culorii, teste specifice analizei instrumentale si dezvoltarea materialelor avansate. Pentru a imbunététi abilitatile
resurselor umane (personal de cercetare, masteranzi si doctoranzi), consortiul Erasmus+ FOSTEX a dezvoltat un set
de instrumente de invéatare-formare extins, ateliere tematice si servicii adecvate echipamentelelor achizitionate de
partenerii din Maroc si lordania pentru centrele de cercetare in domeniul textilelor avansate.

Cuvinte-cheie: cercetare, dezvoltarea materialelor avansate, testare, standardizare, e-learning, formare

INTRODUCTION

In the Erasmus+ FOSTEX project, tremendous work
was to develop the courses modules in the frame-
work of the learning toolkit, taking into account the
particularities of the advanced centres established in
Jordan and Morocco such as the equipment pur-
chased in the framework of the Erasmus+ FOSTEX
project, services proposed, and background of the
human resources involved in the advanced textile
centres created or updated. Starting from the best
practices database containing the examples of learn-
ing, teaching (courses), dissemination, quality test-
ing, standardization, equipment acquisitions, educa-
tional, and research projects, were developed and
provided a set of courses (toolkit) about international
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conformity certification, standardization, quality man-
agement, inspection vs. testing of the textiles (pro-
tective textile testing, washing fastness, colour fast-
ness testing, tensile strength testing), instrumental
analysis, colour management and communication,
integration of textile testing result into technical spec-
ifications, environmental legislation and advanced
composites development based on plasma, 3D print-
ing, polymeric matrix, fibres, nonwoven, knitted struc-
tures and micro/nanoparticles for functionalization. In
addition, based on the final list of equipment pur-
chased by partners from Jordan and Morocco was
provided an adequate selection of services and the-
matic workshops usefully to be developed. In order to
deliver attractive courses in the context of the Covid-19
crisis, have been used formal or informal teaching/
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learning methods in the virtual classroom established
using dedicated software for meeting applications.
The proposed courses, services and workshops aim
to improve the knowledge, to foster the collaboration
in research [1, 2] or educational projects between EU
and Moroccan and Jordanian universities in the
advanced textiles sector and to co-create innovation
and training network that will continue to produce
sustainable results after the end of the project.

The knowledge about advanced textile materials
must be permanently updated with advanced knowl-
edge from other disciplines (physics, chemistry,
mechanics, biology, and electronics). To increase the
students’ attention and perception and to attract them
to learn about new materials was very important to
prepare an adequate interactive presentation mixing
the slides, images, exercises, sound and videos. In
addition, the knowledge level can be improved by
seminars, workshops, e-learning and training, as well
as real practice in laboratories. However, for upgrad-
ing or development of new research centres (Jordan,
Morocco) are very important the infrastructure and
human resources qualifications, as well as the con-
tinuous learning.

This paper contains an overview of the international
conformity certification, labelling and technical speci-
fications, quality management, environmental legisla-
tion and inspection/testing (physico-mechanical test-
ing, colour fastness testing and the testing suite
provided by a large group of instrumental analyses).

INTERNATIONAL CONFORMITY CERTIFICATION

Conformity represents compliance with standards,
rules, or laws. Conformity assessment involves a set
of processes that show your product, service or
system meets a standard’s requirements. CASCO

Committee (ISO’s Committee on Conformity
Assessment) develops standards and addresses
issues related to conformity assessment (figure 1).
The main forms of conformity assessment are test-
ing, certification and inspection.
Textile testing is the determination of one or more of
the textile product’s characteristics and is usually per-
formed by a laboratory. CASCO has developed sev-
eral standards that laboratories can follow to help
ensure that their results can be trusted. Inspection
describes the regular checking of a product to make
sure it meets specified criteria. Firefighters’ PPE, for
example, need regular inspections to ensure they are
safe for use (ISO/CD 23616).
Certification is a useful tool to add credibility by
demonstrating that your product or service meets
your customers’ expectations. For some industries,
certification is a legal or contractual requirement.
However, ISO does not perform certification and
does not issue certificates. CASCO has produced
some standards related to the certification process,
which are used by certification bodies. Certification is
certifying that the product, service or system in ques-
tion meets specific requirements. Certification is also
known as third-party conformity assessment [3, 4].
For example, companies and organizations are certi-
fied to management system standards (ISO 9001). In
this way, get visible that the organization has a qual-
ity management system implemented. CE marking
(European conformity certification) signifies that the
EEA (European Economic Area) products have been
assessed to meet high safety, health, and environ-
mental protection requirements. CE marking is a part
of the EU’s harmonization legislation. CE marking on
the textile product is a declaration that the product
meets all the legal requirements for CE marking and
can be sold throughout the EEA. This also applies to
products made in other countries

Ligises with other ISO
technical commitees (TCS)

Coordinates the technical work
of CASCO and assists the
CASCO Chair in identifying
strategic conformity assesment a .
5 o
fssues cr,zc’”’rcaJ working 9% ==
0pment of conf

that are sold in the EEA.

Benefits of the CE marking:

* Businesses know that products
bearing the CE marking can be
traded in the EEA without
restrictions;

» Consumers enjoy the same
level of health, safety, and envi-
ronmental protection throughout
the entire EEA.

Certificate of Conformity (CoC),

also named Certificate of

Compliance, is a mandatory docu-

ment necessary for Customs

clearance of exports to many
countries around the globe.

CoC is a document certified by a

competent authority that the sup-

plied good or service meets the
required specifications.

Fig. 1. Structure of CASCO (Source: www.iso.org)
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CoC shows that the goods being
exported comply with the relevant
technical regulations and national,
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regional or international standards of import, protect-
ing citizens’ health, safety, and the environment from
substandard imported goods and giving them the
assurance they need in their local market.
Certification # Approval (Organizations such as
Underwriters Laboratories, TUV Rheinland, NTA Inc,
and CSA International test the products according to
standard procedures and declare that the product is
compliant with the standard).

The technical documentation contain the information
on the design, manufacture and all the details neces-
sary to demonstrate the product conforms to the
applicable requirements [5].

In case of the manufacturer, the certification is
required as evidence or proofs that products or ser-
vices meet regulations, standards or other require-
ments before placing the product on the market.

QUALITY MANAGEMENT AND ADVANCED
MATERIALS TESTING

Quality management/Quality assurance

Quality management [6, 7] is providing confidence
that quality requirements are achieved. Quality con-
trol is a “part of quality management focused on ful-
filling quality requirements”.

Quality assurance (QA) [8, 9] is used to prevent
defects in products manufactured when delivered to
customers and can be achieved through inspection.
Inspection is the process of measuring, examining,
and testing the product /service characteristics and
comparing the testing results with specified require-
ments to determine conformity [10].

Testing

Testing [11] is a part of quality assurance -inspection,
being an activity developed to measure the quality of
the product characteristics.

To prepare a high-quality set of requirements specifi-
cations for products it is mandatory to verify the prod-
uct’s technical characteristics by testing the product
in accredited laboratories.

We need to test the mechanical, chemical or electri-
cal properties of the product to evaluate the quality of
the product’s characteristics and to answer if the
product has the performance (numerical values of
the parameters tested) in line with the

international standards (ISO) can be used to certify

that your product meets the expected requirements.

In addition, the test results can also help resolve

complaints seeking damages.

Physico-mechanical testing

Tensile strength testing can be performed through 2

methods grab and strip using standards 1ISO 13934

and 1SO 13935.

The standard ISO 13934 is used for the determina-

tion of mechanical properties of textiles using mainly

tensile testing machines, e.g. tensile properties, seam

tensile properties, tear properties, seam slippage.

Tensile properties (maximum force or elongation at

maximum force) of the textiles (woven structures)

can be investigated by 2 methods:

 Strip method (ISO 13934-1:2013) allows determi-
nation of maximum force and elongation [12];

» Grab method (ISO 13934-2:2014) allows the deter-
mination of maximum force [13].

ISO 13935 is used for the determination of seam

maximum force of sewn seams when the force is

applied perpendicularly to the seam. Tensile proper-

ties (seam maximum force of sewn seams when the

force is applied perpendicularly to the seam) can be

investigated using 2 methods:

+ Strip method (ISO 13935-1:2014) allows determi-
nation of maximum force to seam rupture [14];

* Grab method (ISO 13935-2:2014) allows determi-
nation of maximum force to seam rupture [15].

Colour fastness testing

Colour fastness represents the resistance of the

colour of textiles to the different agents (figure 2) to

which these materials may be exposed during manu-

facture and wearing.

The most used colour fastness tests in textile indus-

try are:

» Colour fastness to perspiration (ISO 105-E04:
2013) [16];

* Colour fastness to wash (ISO 105-C10:2006,
ISO 105-C06:2010) [17, 18];

» Colour fastness to light: daylight (ISO 105-B01:
2014) [19];

* Colour fastness to artificial light (ISO 105-B02:
2014) [20];

» Colour fastness to water (ISO 105-E01:2013) [21];

technical requirements and specifica-

tions. Heat treatments

These numerical values of the

parameters (mechanical or chemical, Weathering _

electrical) obtained by testing are
useful in production, purchasing and

K Sea water -
claims.
The testing activity can be performed ) .
. Dry cleaning -
during product development to assure
that the quality meets expectations. Alkalis -

The results of the tests are useful in
identifying the appropriate parame-
ters that should be improved/opti-

Bleaching Wash

Atmospheric contaminants

_ Light

Color fastness > Wet/Dry rubbing

> Alkaline/Acidic perspiration

Acids

Chlorines

mised in production. The testing
results following the European and

Fig. 2. Types of colour fastness testing
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» Colour fastness to rubbing (ISO 105-D02:2016,
ISO 105-X16:2016, ISO 105-X12:2016) [22-24];

* Colour fastness to hot pressing (ISO 105-X11:
1994) [25].

Instrumental analysis

Analytical instrumentation is crucial to molecular biol-

ogy, medicine, geology, food science, or materials

science [26—29]. For each classical or instrumental
analysis method are defined the adequate qualitative

and quantitative methods [30-32].

A qualitative method provides information about the
identity of atomic/molecular species and functional
groups of the sample.

* A quantitative method provides numerical informa-
tion about the relative amount of one or more com-
ponents.

Then qualitative and quantitative analysis can be per-

formed, often with the same instrument and may use

light interaction, heat interaction, electric fields or
magnetic fields [33—-35]. Instrumental analysis meth-
ods may be elemental or molecular analysis using

qualitative and quantitative methods (tables 1 and 2)

[36-38].

Some of the presented methods can be used in the

investigation of the textile materials, additional

micro/nanoparticles present on the textile surface

[35]. Below are presented the main applications of

instrumental methods [31, 33-35] (elemental and

molecular analysis):

Elemental analysis
= Atomic absorption spectrometry (AAS)
Qualitative analysis of the AAS method is not used
routinely for qualitative analysis, since with most
instruments; it is only possible to test for one element
at a time.
Quantitative analysis of the AAS method is a very
accurate and sensitive method for the quantitative
investigation of metals and metalloids down to abso-
lute amounts as low as picograms for some ele-
ments. It cannot be used directly for the deter-
mination of non-metals.
= X-ray fluorescence (XRF)
The XRF method’s qualitative analysis is useful for
elements with atomic numbers greater than 4, includ-
ing metals and non-metals. For qualitative analysis,
no sample preparation is required, and the method is
generally non-destructive.
Quantitative analysis of the XRF method is used
extensively for the quantitative determination of ele-
ments in alloys and mineral samples, particularly of
elements with high atomic weights. Sample prepara-
tion is elaborate for quantitative analysis.
= Atomic emission spectrometry (AES), Optical
emission spectrometry (OES)
Qualitative analysis in the case of the AES method is
an almost comprehensive method for qualitative ele-
mental analysis for metals, metalloids, and non-met-
als except for some permanent gases. Its sensitivity
range is good, varying from ppb to percent levels. It
has the advantage that many elements can be

Table 1
INSTRUMENTAL METHODS OF ANALYSIS [32]
Qualitative Quantitative
Method
Elemental Molecular Elemental Molecular
Atomic absorption spectrometry No No Yes No
Atomic emission spectrometry Yes No Yes No
Capillary electrophoresis Yes Yes Yes Yes
Electrochemistry Yes Yes Yes Yes
Gas chromatography No Yes No Yes
ICP-mass spectroscopy Yes No Yes No
Infrared spectroscopy No Yes No Yes
lon chromatography Yes Yes Yes Yes
Liquid chromatography No Yes No Yes
Mass spectroscopy Yes Yes Yes Yes
Nuclear magnetic resonance No Yes No Yes
Raman spectroscopy No Yes No Yes
Thermal analysis No Yes No Yes
UV/VIS spectrophotometry Yes Yes Yes Yes
UV absorption No Yes No Yes
UV fluorescence No Yes No Yes
X-ray absorption Yes No Yes No
X-ray diffraction No Yes No Yes
X-ray fluorescence Yes No Yes No
industria textila 372 2021. vol. 72, no. 3



Table 2

ANALYTICAL CONCENTRATION RANGES FOR COMMON INSTRUMENTAL METHODS [32]
Technique Destructive Ultratrace Trace Minor Major
(<1 ppm) | (1 ppm-0.1%) | (0.1%-10%) | (>10%)
X-ray diffraction No No No Yes Yes
Nuclear magnetic resonance No No Yes Yes Yes
X-ray fluorescence No No Yes Yes Yes
Infrared spectroscopy No No Yes Yes Yes
Raman spectroscopy No No Yes Yes Yes
UV/VIS spectrometry No No Yes Yes Yes
Colorimetry No Yes Yes Yes No
Molecular fluorescence spectrometry No Yes Yes Yes Yes
Atomic absorption spectrometry Yes Yes Yes Yes No
Atomic emission spectrometry Yes Yes Yes Yes Yes
Atomic fluorescence spectrometry Yes Yes Yes No No
ICP-mass spectrometry Yes Yes Yes Yes No
Organic mass spectrometry Yes Yes Yes Yes Yes
GC-MS Yes Yes Yes Yes Yes
LC-MS Yes Yes Yes Yes Yes
Potentiometry No Yes Yes Yes Yes
Voltammetry No Yes Yes Yes Yes
Gas chromatography May be Yes Yes Yes Yes
High-performance liquid chromatography May be Yes Yes Yes Yes
lon chromatography May be Yes Yes Yes Yes
Capillary electrophoresis No Yes Yes Yes Yes
Thermal analysis Yes No No Yes Yes

detected simultaneously. However, the spectral over-

lap is the major limitation.

Quantitative analysis in the case of the AES method

is used extensively to determine elements in concen-

trations from percent levels down to ppb. Liquids,

slurries, and solids can be analysed using the appro-

priate instrumentation.

Molecular analysis

= Nuclear magnetic resonance (NMR) spec-
troscopy

Qualitative analysis in the case of the NMR method is

used to investigate the structure of molecules. NMR

identifies the number and type of protons and carbon

atoms in organic molecules (e.g., among aromatic,

aliphatic, alcohols, and aldehydes)

Quantitative analysis of the NMR method is useful at

percentage concentration levels, but trace levels

(ppm) are becoming attainable with reasonable

accuracy.

= Infrared (IR) spectroscopy

Qualitative analysis in the IR method identifies organ-

ic functional groups present in molecules, including

groups containing heteroatoms: O, S, N, Si, halides.

The conventional spectrometers systems have been

replaced by Fourier transform IR (FTIR) instrumenta-

tion.

Quantitative analysis of the IR method is used rou-

tinely for the quantitative analysis of organic com-

4
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pounds, particularly at percentage concentration
levels.
= Fourier-transform infrared spectroscopy
(FTIR)
FTIR is a spectroscopic technique used to obtain an
infrared spectrum of absorption or emission of a
solid, liquid or gas. FTIR spectrometer collects high-
spectral-resolution data over a wide spectral range.
The theory is based on the fact that different ele-
ments absorb light at different frequencies. FTIR is
used because it can produce an interferogram within
a second. FTIR analysis method uses infrared light to
scan test samples and observe the organic, polymer-
ic, or inorganic materials’ chemical properties.
= UV and visible (UV/VIS) spectrophotometry
Qualitative analysis UV/VIS of the organic or inor-
ganic reagents is used for specific tests for many ele-
ments or compounds by forming a compound that
absorbs specific wavelengths. The products may or
may not be coloured. For compounds that are
coloured, the analysis may be carried out visually
(colorimetric analysis by eye), but a spectrometer is
more accurate. The interaction of UV and visible radi-
ation with matter can provide qualitative identification
of molecules and polyatomic species, including ions
and complexes. Qualitative information is usually
obtained by observing the UV/VIS spectrum, the
absorption of UV and visible radiation as a function of
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Table 3

SPECTROMETRY USING UV AND VISIBLE LIGHT [32]

Spectrometry using UV and Visible Light

Function | Analytical field

Analytical application

Atomic spectroscopy

Absorption of UV/VIS | Atomic absorption spectrometry

Quantitative elemental analysis

radiation (AAS)

Em.ISS.IOH of UVVIS [ Flame photometry, Auger electron Qualitative and quantitative multi-element analysis
radiation spectroscopy (AES)

Emission of UV/VIS | Atomic fluorescence spectroscopy | Quantitative elemental analysis of ultra-trace concentra-
radiation (AFS) tions (sub-ppb)

Molecular spectroscopy

Absorption of UV/VIS
radiation

UV/VIS molecular absorption spec-
troscopy, spectrophotometry

Qualitative and quantitative determinations of aromatic
and unsaturated organic compounds, including natural
products; direct and indirect quantitative determination of
inorganic ions, organic molecules, and biochemicals

Emission of UV/VIS
radiation

Molecular fluorescence, molecular
phosphorescence

Detection of small quantities (<ng) of certain aromatic
compounds and natural products, analysis of gels and
glasses, determination of organic and inorganic species

by “tagging.”

wavelength by molecules (tables 3 and 4). The prin-
ciple is based on the fact that:

I. Frequency absorbed or emitted by a molecule and
the energy of radiation are related by:

AE = hv (1)
Il. The amount of energy required depends on the dif-
ference in energy (equation 2) between the energy of

the ground state (EO) and the energy of the excited
state (E1) of the electrons.

AE=E1-EQ0=hv (2)
Table 4
WAVELENGTHS = F (RADIATION TYPE) [32]
Unit Symbol Le(:;?)th Type of radiation
Angstrom A 10-10 X-ray
Ultraviolet/
-9
Nanometre | nm 10 visible (UV/VIS)
Micrometre gm 106 Infrared (IR)
Millimetre mm 103 IR
Centimetre cm 1072 Microwave
Meter m 1 Radio

Quantitative analysis UV/VIS is a sensitive and selec-
tive method developed for most elements and many
functional groups. It is used extensively in routine
analysis of water, food, beverages, industrial prod-
ucts, etc. In general, spectrometers UV/VIS often
operates with wavelengths from 800 to 200 nm (UV
radiation has wavelengths from 400 to 200 nm;
respective VIS (visible light) have wavelengths from
800 to 400 nm). Quantitative measurements by
UV/VIS spectrometry are essential in environmental
monitoring, industrial process control, including food
and beverage manufacturing, pharmaceutical quality
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control, and chemistry. Quantitative information can
also be obtained by studying the absorption or emis-
sion of UV and visible radiation by molecules or
polyatomic species. The emission of radiation by
molecules may occur in several ways (fluorescence
and phosphorescence) following the molecule’s exci-
tation. In addition, concentrations of solutions can be
measured using UV/VIS absorption spectrometry or
fluorescence spectrometry.

= X-ray diffraction (XRD)

Qualitative analysis in the XRD method is used for
the measurement of crystal lattice dimensions and to
identify the structure and composition of all types of
crystalline inorganic and organic materials.
Quantitative analysis in the XRD method is used to
determine percent crystallinity in polymers, the com-
position of mixtures, mixed crystals, soils, and natural
products.

= X-ray absorption spectroscopy

Qualitative analysis in the X-ray absorption reveals
the contours and location of high atomic weight ele-
ments in the presence of low atomic weight matrixes
or holes in the interior of solid samples (voids).

=  Gas chromatography (GC)

Qualitative analysis in the case of the GC method
can separate the components of complex mixtures of
gases or volatile compounds.

Quantitative analysis in the case of the GC method is
an accurate method for quantitative analysis based
on the peak area and comparison with standards.
Quantitative analysis is used extensively in organic,
environmental, clinical, and industrial analysis.

= Thermal analysis (TA)

Qualitative analysis in the TA method is used to iden-
tify inorganic and some organic compounds using
small quantities of samples. It is also used to identify
phase changes, chemical changes on heating, the
heat of fusion, melting points, boiling points, drying
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Table 5

LIST OF SAMPLE TYPES AND PROPERTIES EXAMINED BY THERMAL ANALYSIS METHOD [32]
Samples
Properties
Chemicals | Elastomers | Explosives Soils Plastics | Textiles | Metals
Identification X X X X X X X
Quantitative composition X X X X X X
Phase diagram X X X X X
Thermal stability X X X X X
Polymerization X X X X
Catalytic activity X X
Reactivity X X X X X
Thermochemical constants X X X X X X
Reaction kinetics X X X X X X

processes, decomposition processes, and com-
pounds’ purity (table 5).

Quantitative analysis in the TA method can be used
for the quantitative determination of the components
of an inorganic sample, particularly at high
concentration levels (table 5).

= Differential scanning calorimetry (DSC)

DSC monitors the difference in temperature between
a sample and a reference material as a function of
time and temperature in a specified atmosphere.
Quantitatively measures heat absorbed or released
by a material undergoing a physical or chemical
change. DSC is not temperature-dependent; DSC is
used for quantitative measurements of AH and heat
capacity. Information obtained Glass transition, melt
and phase-change temperatures, heats of reaction,
heat capacity, crystallinity, aging, degradation, and
thermal history (table 6).

Table 6
DSC METHOD APPLICATIONS
Applications DSC method
Compositional analysis X
Curing studies X
Glass transition X
Heat of reaction X
Oxidative stability X
Corrosion X
Creep -
Stress relaxation -
Thermal stability X
Viscoelastic properties X
Protein denaturation -
Shrinkage X

TECHNICAL SPECIFICATIONS INTEGRATION
AND LABELING

A technical specification document defines the
requirements for a textile material or final product.
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Technical specifications integration and testing
role

The testing activity is important to verify the product
properties or develop the technical specifications
sheet that should provide:

* the minimum requirements for the mechanical,
physical and chemical properties of the products
that your company purchases or produces;

+ ensure that the quality of your products meets your
expectations/your customers’ expectations;

» prevent miscommunication between the producer,
supplier, purchaser and retailer;

* to ensure that the customers are satisfied and you
will not receive complaints.

Complications may occur when the product proper-

ties are not described in sufficient detail. However, it

is impossible to detect the defects (durability, shrink,
fade in use) visually when we buy a product.

The textile product should have several performance

indicators and should be able to confer:

* Fire safety;

« UV protection;

* Friction resistance;

» Chemicals resistance and to contain allowed chem-
icals and not prohibited, according to the REACH
(Registration, Evaluation, Authorization and
Restriction of Chemicals).

In REACH [37,38] are presented the requirements for

chemicals that are allowed or prohibited from use in

your products.

Usually, consumers or textile specialists cannot see

or feel if textile products contain harmful substances,

but chemical analyses can identify the presence of
prohibited chemical substances.

The absence of the harmfully chemical can be certi-

fied by:

+ STANDARD 100, ECO PASSPORT and MADE IN
GREEN by OEKO-TEX® [37] certify that your prod-
ucts guarantee that they do not contain any chem-
ical compounds known to be harmful.

* OEKO-TEX* certify that your products comply with
the requirements of REACH, the EU law regulating
chemicals, and the substances on the SVHC
(Substances of Very High Concern) list [38].
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Safety requirements

In the EU, the General Product Safety Directive

(GPSD) [40, 41] regulates all products and the man-

ufacturers and distributors carry the responsibility not

to bring products on the market, which present a

health or safety hazard towards or property when

used in the manner intended. There are many safety
issues, such as fire, fall accidents, choking, chemical
content, etc. The requirements and the testing meth-
ods of the textile products are given in the standards.

For example, the requirement for protective clothing

is focused on health and ergonomics aspects,

design, comfort, cleaning/washing, the size used for
pattern design of the protective clothing.

Health and ergonomic requirements for protective

clothing (ISO 13688:2013) [42] specify that the pro-

tective clothing:

 should not affect the health or hygiene of the user;

« the textile fabrics should not release toxic, carcino-
genic, mutagenic, allergenic, toxic to reproduction
or otherwise harmful substances;

» materials should be selected to minimize the envi-
ronmental impact of the production and disposal of
protective clothing;

Each layer of material of the protective clothing shall

comply with the following requirements:

+ all metallic materials which could come into pro-
longed contact with the skin (e.g. studs, fittings)
shall have a release of nickel of less than 0,5

ug/cm? per week;

« protective clothing material shall have a pH value in
the interval 3.5-9.5;

» Carcinogenic Azo colorants should not be used.

Design requirements consist in:

» using the adequate design of protective clothing
that facilitate its correct positioning on the user and
shall ensure that it remains in place for the fore-
seeable period of use, taking into account ambient
factors, together with the movements and postures
that the wearer could adopt during the course of
work or other activity;

» using adequate adjustment systems or adequate
size ranges shall be provided to enable protective
clothing to be adapted to the morphology of the
user.

Comfort requirements

The protective clothing shall provide users with a

level of comfort consistent with the level of protection

required against the hazard, the ambient conditions,
the level of the user’s activity, and the anticipated
duration of use of the protective clothing.

» Cleaning/washing requirements

» Size requirements

Product labelling

Product labelling is necessary for selling part, offering

the consumers information about product type, per-

formance parameters and usage conditions.

How can we decide the performance of the product?

» Overall, the consumers and textile specialists can-
not see or feel the performance of a textile.
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* The manufacturer can evaluate the performance
characteristics of a product by testing.

» The purchaser should obtain the documentation of
the successful fulfilment of any applicable require-
ments.

Why it is necessary to specify the requirements on

the product label?

» Alabelling system can help to inform the consumer
of the requirements that the products have fulfilled.

» Specification requirements will inform the con-
sumer of the quality and properties of the product.

Several integrated labelling solutions are available:

» Test the parameters of your products and use a
label with a hangtag after successful completion
of testing in accredited laboratories.

* A hangtag informs the consumer that the
requirements of the product complied with and
assures the standard of quality.

* A hangtag with a barcode [43] (figure 3), will
enable the consumer to receive informative videos
on smartphones about the characteristics of your
product.

* Brand protection by use anti-counterfeit features
for brand protection based on advanced UV inks
and yarn, laser yarn, glow-in-the-dark yarn, micro
text prints, and watermarks to ensure the authen-
ticity of your products and reduce the risk of coun-
terfeit.

Fig. 3. Barcode hangtag [41]

In addition, the product that has a green label must
comply with environmental policy goals (climate
change, resource use and sustainable consumption
and production) and a better environment according
to the GPP (Green Public Procurement) [44—47].

GPP approaches include also restricting hazardous
substances in textiles, or requiring operators to demon-
strate that timber has been sustainably sourced. EU
GPP specifies relevant production methods for some
product and service groups, including electricity, tex-
tiles and food. Labels and GPP criteria are useful ref-
erence points, as they are based on scientific infor-
mation and life-cycle assessment of the materials
and substances found in the covered products and
services. Green labels (Eco-labels and Green stickers)
are labelling systems for consumer products [46, 47,
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48]. Green label is officially recognized as a method for

companies to make:

* transparent environmental declarations;

+ claims about their products such as materials used
(natural, recycled, eco-friendly), the energy con-
sumption in the manufacturing process.

In the EU, the EU Ecolabel, established in 1992, has

the scope to encourage businesses to market prod-

ucts and services that are kinder to the environment

[48-50]. EU Ecolabel covers 34 products and ser-

vices including paper, textiles, cleaning products,

lubricants, appliances, home and garden products
and tourist accommodation. On many textile prod-
ucts, we can be recognized the OEKO-TEX® label
provided by OEKO-TEX® which is an organization
that has several members: 18 independent research
and test institutes in the field of textile and leather
ecology in Europe and Japan with contact offices in
more than 60 countries. The partner institutes devel-
op test methods and limit values, which form the
basis for the standards (STANDARD 100 by OEKO-

TEX®, MADE IN GREEN by OEKO-TEX® and

LEATHER STANDARD by OEKO-TEX®) for labelling

or product certification according to STeP by OEKO-

TEX® (Sustainable Textile & Leather Production), ECO

PASSPORT by OEKO-TEX® (chemical certification).

CONCLUSIONS

This paper offers some definitions, examples and
practical applications of the international conformity

certification, labelling and technical specifications,
quality management, environmental legislation and
inspection/testing (physico-mechanical testing, colour
fastness testing and instrumental analysis). For
example, these courses about instrumental analysis
succinctly presented by applications, are very useful-
ly for engineers and researchers, specialized in the
textiles field, to have a global overview of the tests
that can be performed on the textile materials and
how to request adequate tests to obtain quickly the
information about the textile materials (e.q. presence
of the other contaminants on the textile surface or of
the micro/nanoparticles). In conclusion, the courses
modules developed were successfully delivered and
the feedback was very positive from the students and
researchers.
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ABSTRACT - REZUMAT

Design and development of experimental models for textile structures integrated in wound dressings applied
in curative therapy of inflammatory skin diseases, using specific instruments of descriptive statistics

Wound dressing is a key factor of the wound management system, having as main objective the stimulation of the
healing process for a variety of inflammatory skin diseases. To maximize the therapeutic effects, innovative medical
devices with integrated drug delivery system become of real interest during the last decade. For the realization of the
optimal woven fabrics used as a substrate for various active principles, such as propolis and cinnamon essential oil, the
multivariate linear regression analysis was used to elaborate the conceptual models on the basis of which the
experimental models of the textile supports were designed. Using as input data the characteristics of the selected yarns
(breaking force, elongation at break, torsion/twist, hygroscopicity), one can predict the structural parameters of the
woven fabrics (raw materials, yarn density, lengths of the underlaps) and also the assembly and adjusting parameters
for the machinery from weaving preparation and weaving sectors (advance and height of the drum, reed width,
drawing-in, input/output of the gripper, cross unevenness reed, stationary in maximum open lease, the moment of the
grippers opening, impulse time, the moment of the shaft smoothening, etc.). The validation of the elaborated conceptual
models it was confirmed by the registered yields in the range of 88—96 %, during the weaving process.

Keywords: virtual model, multivariate regression, cumulative probabilities, multiple correlation coefficient, biomaterial,
structural parameters, woven fabrics

Design si realizare de modele experimentale pentru structuri textile destinate pansamentelor pentru terapia
curativa a afectiunilor inflamatorii ale pielii utilizdnd instrumente specifice statisticii descriptive

Pansamentul este un factor cheie al sistemului de management al ranii, avand ca obiectiv principal stimularea
procesului de vindecare pentru o gama largd de afectiuni cutanate inflamatorii. Pentru maximizarea efectelor
terapeutice, in ultimul deceniu au fost dezvoltate o serie de dispozitive medicale neinvazive, prevazute cu sisteme de
eliberare controlatd a medicamentului. Pentru obtinerea tesaturilor optime folosite ca substrat pentru depunerea
diferitelor principii active, precum propolisul si uleiul esential de scortisoara, a fost folositd analiza de regresie liniara
multivariatd cu ajutorul cdreia au fost elaborate modelele conceptuale, care au stat la baza proiectarii modelelor
experimentale de suporturi textile. Folosindu-se ca date de intrare caracteristici ale firelor utlizate (sarcina si alungirea
la rupere, torsiunea/rdsucirea, higroscopicitatea), au fost predictionati parametrii structurali ai tesaturilor (materii prime,
desime, lungimile segmentelor de legare), precum si parametrii de montare si reglaj ai utilajelor din preparatia teséatoriei
si a fesétoriei (avans si indltime tambur, latime in spatd, navadire, intrare/iesire greifer, denivelare traversa de spate,
stationare in rost maxim deschis, momentul deschiderii greiferelor, durata impulsului, momentul nivelarii itelor etc.).
Validarea modelelor conceptuale elaborate a fost confirmaté prin obtinerea in timpul teserii a unor randamente situate
in intervalul 88—96 %.

Cuvinte-cheie: model virtual, regresie multivariata, probabilitati cumulate, coeficient de corelatie multipld, biomaterial,
parametri structurali, tes&turi

INTRODUCTION

Although the human skin possesses high regenera-
tive and reparative abilities, it is constantly exposed
to multiple forms of injury [1]. Dermatological pathol-
ogy affects all ages: from birth (neonatal dermatolo-
gy), childhood (paediatric dermatology), adulthood
and older adulthood (geriatric dermatology).

Wound management is a complex process having as
main objective the acceleration of the healing process,
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simultaneously with obtaining satisfactory results
from a cosmetic point of view, respectively the heal-
ing of the tissue injury with minor scarring.

The dressing is a special class of medical textiles,
being very well known as the vital role of the wound
dressing in the healing processes of the skin injury,
due to multiple functionalities in dermal application,
not just with a protective role on the skin condition
against the external environment, but also with a
therapeutic role [2, 3].
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In comparison with the traditional dressings that have
the major disadvantage of strong adhesion to the
wound surface and of causing pain or even addition-
al damage at the removal moment, this study is
intended to develop innovative dressings by function-
alization with emulsion or hydrogel of the appropriate
textile substrates, thus obtaining high performances
in terms of low adhesion to the wound surface and an
optimal hydration level due to the high content of
water from the emulsion or hydrogel [4].

The optimal selection of the textile substrates and of
the therapeutic agents used for the functionalization
represents the key factor in the manufacturing pro-
cess of the dressings which, in order to be consid-
ered ideal, must meet the following requirements: it
must be sterile, non-toxic and non-allergenic, must
provide protection against bacterial infections, should
maintain a temperature and humidity level favourable
for healing; should increase the epidermal cell migra-
tion to promote the angiogenesis and the connective
tissue synthesis; has to allow the exchange of gases
between the injured skin area and the environment
[5, 6]. In order to obtain this, raw materials based on
cotton, acetate, Lenpur and cotton blended with
Rayon were selected and analysed from the physi-
cal-mechanical characteristics’ point of view [7]. The
obtained results were used to design four conceptual
models of textile structures which serve as substrates
for the functionalized wound dressings with applica-
tion in curative therapy of inflammatory skin dis-
eases.

MATERIALS AND METHOD

Using the well-known methods of regression analy-
sis, the engineering characteristics of the textile bio-
materials designed for wound dressings used in the
curative therapy of various skin diseases were pre-
dicted. For this purpose, multiple experiments were
carried out to determine the values of the breaking
force, elongation at break, torsion/twist and hygro-
scopicity, for five variants of yarns obtained from var-
ious raw materials and with different linear density
(table 1).

Table 1
YARNS SUBJECTED TO EXPERIMENTS
Yarn Identification data
variant | Raw material type | Yarn count/Fineness
V1 100% acetate 130 dtex x 1
V2 100% cotton 200 dtex x 2
V3 100% Lenpur 300 dtex x 1
V4 100% cotton 165 dtex x 2
80% cotton/
V5 20% Rayon+ZnO 147 dtex x 2

The calculation of the distribution parameters was
realized based on a specialized program which
allows calculating the mean, the median, the mode,
the standard deviation, the percentile values, the
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skewness and the kurtosis. The results of the statisti-
cal analysis revealed a variation coefficient less than
11% for all the evaluated characteristics, the mean of
the data set being representative (therefore, the pop-
ulations are homogenous) and the interquartile devi-
ation demonstrating that there’s no data variability.
The whiskers are drawn from the smallest to the
largest detected value, being situated within the lim-
its of 1.5 “box” lengths; extreme cases situated at a
distance larger than a length of 3 “boxes” were not
recorded. More than that, the obtained values for kur-
tosis indices demonstrate that the maximum possible
limit (1.96) has not been reached for any of the vari-
ants. In fact, there is no case of the distribution going
out of the theoretical normality.

For the development of the conceptual model for tex-

tile biomaterials integrated in wound dressings for

curative therapy of inflammatory skin diseases, the
multiple linear regression analysis was used.

For the prediction of the main engineering character-

istics, the following steps were taken:

I. Identification of dependent and independent vari-

ables (customized for each model).

Y is the elongation at break of the support, X, — the

linear density of the warp system, X, — the linear den-

sity of the weft system, X5 — the torsion/twist of the
warp system, X, — the torsion/twist of the weft sys-
tem; Xy — the hygroscopicity of the warp system;

Xg — the hygroscopicity of the weft system; X; — the

elongation at break of the warp system, Xz — the

elongation at break of the weft system; X, — the ten-
sile strength of the warp system, X, — the tensile
strength of the weft system.

Il. Determination of conceptual models of multivariate

regression — multiple regression equations for 10 pre-

dictors of type:
Y=By+B*X;+B,* X, + ...+ B, * X, (1)

where: B is the constant of the model and B;, ..., B,

are the unstandardized regression coefficients calcu-

lated for each independent variable separately.

[ll. Construction of the cumulative probability graphs

for the standard residual notes and band graphs.

The studied conceptual models are highlighted in

table 2.

The graphs of the cumulative probabilities for the

standard residual notes and the band graphs are rep-

resented in figures 1 and 2 for all four conceptual
models developed during this research.

From the obtained data based on the statistical anal-

ysis, the results are below:

» The standard error of the predicted dependent vari-
able (elongation at break support), for any of the
four conceptual models demonstrates that the
maximum standard deviation of the elongation at
break is 3%, if the independent variables value is
known.

» The standard deviations of the unstandardized
regression coefficients highlight the prediction vari-
ation interval: e.g. for the unstandardized breaking
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Table 2

STUDIED CONCEPTUAL MODELS

100% cotton

100% cotton 100% cotton

Conceptual Predictors identification . i
Regression equations
model Weft system | Warp system
Elongation at break = —148.472 + 1.362 * linear density V1 —
CM1 V1 V2 0.365 * linear density V1 — 0.446 * torsion V1 — 0.050 * twist V2
75%125% o o +22.155 * hygroscopicity V1 + 8.755 * hygroscopicity V2 — 9.149
cotton/acetate 100% acetate 100% cotton | breaking force V1 + 6.520 * breaking force V2 + 0.610 * elon-
gation at break V1 — 0.473 * elongation at break V2
Elongation at break = 95.3 + 0.15* linear density V3 + 4.7 * hygro-
CM2 V3 V2 scopicity V2 + 0.62 * breaking force V2 + 3.7* elongation at break
62%/38% 100% L 100% cott V3 —0.171 * linear density V2 — 0.1 * torsion V3 — 0.1 * twist V2
cotton/Lenpur o Lenpur o COUON 14 1458 * hygroscopicity V3 — 7.32 * breaking force V3 + 0.7 *
elongation at break V2
Elongation at break = 122.94 + 0.01* linear density V4 + 3.68 *
cM3 V4 V2 hygroscopicity V2 + 4.38 * breaking force V2 + 1.61* elongation

at break V4 + 0.03 * linear density V2 + 0.02 * twist V4 — 0.002 *
twist V2 — 11.26 * hygroscopicity V4 —12.26 * breaking force V4
— 2.23 * elongation at break V2

CM4
95%/5%
cotton/Rayon+
Zn0O

V5
80%/20% V2
cotton/Rayon+ 100% cotton
ZnO

Elongation at break = 245.34 — 0.26 * linear density V2 — 2.27 *
hygroscopicity V2 + 4.282* breaking force V2 — 0.58 * elongation
at break V2 — 0.02 * twist V2 — 0.22 * linear density V5 — 0.007 *
twist V5 — 8.70 * hygroscopicity V5 + 6.58 * breaking force V5 —
2.40 * elongation at break V5

Normal P-P plot of regression standardized residual
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Fig. 1. Graphical representation of the standardized residual distribution compared to the normal distribution for:
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Fig. 2. Graphical representation of the elongation at break of the support depending of:
a — linear density of the yarns (V1 and V2) — for CM1; b — torsion (V1) and twist (V2) — for CM1; ¢ — hygroscopicity

(V3 and V2) — for CM2; d — torsion (V3) and twist (V2) — for CM2; e — breaking force (V4 and V2) — for CM3; f — linear
density (V4 and V2) — for CM3; g — breaking force (V2 and V5) — for CM4; h — twist (V2 and V5) — for CM4
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force coefficient, the standard deviation is of maxi-
mum 11.5, a fact explained by the assembly and
adjusting parameters of the technological flow used
during the spinning process and by the non-unifor-
mity of the fibre in terms of length and diameter,
etc.

» The variant analysis shows, with an error probabil-
ity of 5%, that the model explains significantly much
of the variation of the dependent variable. The val-
ues of the note F demonstrate that the explained
variation by the model is significantly higher than
the residual one, and so, the developed model is
efficient in prediction. The average deviation of the
conceptual model from reality is about 2%, more or
less. Still, other specific factors of the technological
flow must be taken into account to accurately pre-
dict the values of the dependent variable.

* The points corresponding to the cumulative proba-
bilities obtained from the regression model follow
those of the normal curve, so the developed con-
ceptual model is valid. The scores predicted
according to the above equations were estimated,
because the correlation between the variables is
not perfect, and the more error, the lower the cor-
relation between the variables (the points of the
correlation graph being farther from the regression
line). So, for certain values of the dependent vari-
able (depending on the variant of the conceptual
model), it tends to overestimate or underestimate
the reality.

» Band type graphics highlight the probable evolution
of the elongation at break of the support (depen-
dent variable) in accordance with predictive vari-
ables (Lagrange interpolation 3™ order).

* These findings highlighted after analysing the
resulted information from the statistical calculation
served as a basis from which to start the design for
the experimental models of woven textile structures
used as dressings in the curative therapy of various
skin diseases [8-10].

RESULTS

Specific design parameters (fibore composition and
yarn count for warp and weft systems, density of
yarns on weft direction and the weave pattern) relat-

ed to each variant of the structure, coded EM1 —
EM4, are presented in table 3.

The weave pattern programming scheme is present-
ed in figure 3.

During the entire technological process, the yarns
used to obtain the textile structures EM1 — EM4 pre-
sented an appropriate behaviour; no unusual phe-
nomena were reported and the registered yields
were similar to those from the weaving preparation
(at warping, drawing-in, reeding). During the weaving
process, the obtained yields were situated in the
range of 88-96 %, the stationary, mainly due to the
warp yarns (a regular situation for a weaving
machine for cotton and cotton type yarns), and so, for
a theoretical BRO of 13800, the lowest obtained
value was 12185, which corresponds to a yield of at
least 88.3%.

1[2|3)4]|5|6[7|8]|%|10 5

Fig. 3. The weave pattern programming scheme for
experimental models of textile structures EM1 — EM4:
1 — weave pattern; 2 — reeding; 3 — drawing-in;

4 — sinkers linkage; 5 — the card

Table 3
SPECIFIC DESIGN PARAMETRES
Parameters
Textile Fib ition (% Linear density (dt : w tt
support ibre composition (%) inear density (dtex) Weft yarn density eave pattern
Weft Warp Weft Warp (yarns/10 cm)
EM1 100% cotton 100% acetate 200 dtex x 2 | 130 dtex x 1 365
EM2 100% cotton 100% Lenpur 200 dtex x 2 | 300 dtex x 1 285
EM3 100% cotton 100% cotton 200 dtex x 2 | 165 dtex x 2 260
80%/20%
0,
EM4 100% cotton cotton/Rayon+ZnO 200 dtex x 2 | 147 dtex x 2 270
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CONCLUSIONS

The elaborated conceptual models based on the mul-
tivariate linear regression analysis allowed the
designing of the experimental models for textile struc-
tures integrated in wound dressings that have been
applied in curative therapy of inflammatory skin dis-
eases.

The regression equations allowed the prediction of
the structural parameters (yarn density, raw materi-
als, lengths of the underlaps) and assembly and
adjusting parameters for the machinery from weaving
preparation and weaving sectors (advance and

height of the drum, reed width, drawing-in, input/out-
put of the gripper, cross unevenness reed, stationary
in maximum open lease, the moment of the grippers
opening, impulse time, the moment of the shaft
smoothening, etc.).
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