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  Preface   

 Globalisation and the structural changes in the world’s economy have had 
a considerable infl uence on the textile and clothing industries. During the 
past ten years, there have been indications of the emergence of a post-
 industrial production system that is able to achieve the goal of mass-
 customised, low-volume production. In this production process, each new 
product can be optimised or adapted for personal taste or individual needs. 
This calls for new approaches and solutions, as well as radical changes in 
the complete textile and clothing chain. These changes need to focus on 
four key elements:

   1.     creativity in design as a driver of user-centred innovation,  
  2.     innovations in materials and processes,  
  3.     fl exibility in manufacture, and management in the supply chain, and  
  4.     high quality of products and development of new services focused on 

customer needs.    

 Furthermore, today’s rapid development of digital networks and commu-
nications technologies is having a revolutionary impact on product design 
and manufacturing processes. The conventional borders between product 
design, production and the user are beginning to merge. Digital and com-
munications technologies enable the co-creation of products or/and services 
that can engage users from the outset. In addition to continuing to develop 
knowledge on how to design better products and services, we need also to 
design better clothing manufacturing processes to help the clothing industry 
to compete more effectively. 

 Design of clothing manufacturing processes plays an essential role in 
introducing new products, particularly in the ability to adapt quickly to 
dynamic changes in the global market. The following eight chapters provide 
a critical overview of key aspects of the design of more rapid, integrated 
and fl exible clothing manufacturing processes  Chapter 1  gives a general 
overview of clothing classifi cation systems and terminologies for individ-
ual clothing types. Managing global production operations, with designers, 
fabric producers, clothing manufacturers, retailers and customers scattered 
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across different locations, makes it essential to agree common classifi cation 
systems for clothing. There is a similar need for standardisation in the area 
of sizing.  Chapter 2  therefore provides an overview of the development 
and analysis of sizing systems of clothing and the manner in which informa-
tion about agreed sizing systems is shared across countries and regions. The 
design of clothing manufacturing processes must also take into account how 
clothing collections are put together and launched.  Chapter 3  reviews the 
key issues in developing a garment collection. These chapters provide the 
context for designing particular clothing manufacturing processes. 

 The following chapters discuss particular aspects in the design of clothing 
production operations.  Chapter 4  discusses key terms and roles in clothing 
production planning and organisation. It reviews issues and documentation 
in design analysis and activity planning. The specifi c issues in the design of 
pattern making and cutting operations are discussed in  Chapter 5 .  Chapter 6  
deals with planning clothing manufacturing operations, including the selec-
tion of particular techniques and equipment as well as different process lay-
outs. Production scheduling, monitoring and control are covered in  Chapter 
7 . The last Chapter provides an overview of quality requirements for cloth-
ing textile materials, defi nitions and minimum quality standards. 

 The book is intended for a wide spectrum of readers, including students, 
researchers and academics, as well as professionals in the fi eld of clothing 
design, engineering and other aspects of clothing production. 

    Jelka Ger š ak , 
 University of Maribor, Slovenia        
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     1 
 Clothing classification systems   

   DOI : 10.1533/9780857097835.1 

  Abstract : This chapter gives a general overview of clothing classifi cation 
systems. The fi rst part includes a general classifi cation of clothing and 
a harmonised customs-based classifi cation system. The second part 
presents a functionality-based classifi cation which covers the logical 
types of functional clothing. The chapter includes both classifi cations and 
signifi cant terminologies for individual clothing types. 

  Key words : clothing, classifi cation, functional clothing, protective clothing, 
medical clothing, sportswear, clothing terminology. 

    1.1     Introduction 

 Clothing appears to be basic to civilisation (Hollander,  1993 ). It is a term 
referring to a covering that is worn to cover the body or to keep warm. It 
is exclusively a human characteristic, and is a feature of nearly all human 
societies. The kind and type of clothing worn depends on functional con-
siderations (such as the need for warmth or protection from the elements) 
and social considerations. The functionality required may differ greatly, 
depending on its end-uses. Functions include:

   everyday seasonal clothing,  • 
  clothing for protection against extreme environmental conditions,  • 
  sportswear,  • 
  protective clothing for specialist functions (e.g. fl ame-resistant clothing • 
for fi refi ghters, military clothing),  
  medical clothing and allied products.    • 

 Clothing may be divided into many types displaying different styles and 
features. There is no set standard for their classifi cation. Different classifi ca-
tions give rise to different names for clothing. This chapter gives an over-
view of classifi cation systems as well as commonly used terminologies for 
individual clothing types.  

  1.2     General clothing classification 

 Clothing and related products include all items of clothing and accessories worn 
by men, women and children of all ages, with the exception of hosiery (stockings, 

�� �� �� �� �� ��



2 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

socks and tights) and overgarments such as galoshes (waterproof shoes worn 
over conventional shoes), umbrellas, etc. From the point of view of many cloth-
ing manufacturers, there are fi ve basic areas within clothing production:

   men’s outerwear,  • 
  women’s outerwear,  • 
  children’s clothing,  • 
  underwear,  • 
  knitted clothing.    • 

  Table 1.1  shows the types of clothing as they relate to areas of production.    
 Different countries have their own approaches. As an example, the 

Committee for the Preparation of Acts and Regulations at the Slovenian 
Ministry of the Economy divides textile and leather products into four 
groups (SCC,  2005 ):

   group A – yarns and threads,  • 
  group B – fabrics,  • 
  group C – clothing,  • 
  group D – other textile and leather products.    • 

 Articles of clothing (Group C according to the above classifi cation), are 
divided into seven sub-groups. These are:

   leather garments,  • 
  outerwear, underwear,  • 
  sports clothing,  • 
  workwear,  • 
  protective clothing,  • 
  other clothing,  • 
  clothing accessories.    • 

 The division of articles of clothing by subgroups is shown in  Table 1.2  (SCC, 
 2005 ).    

 In addition to the above classifi cation, there is also a general classifi -
cation of clothing and sewn articles which includes groups of men’s and 
boys’ clothing, and women’s and girls’ clothing. These groups are further 
subdivided into:

   outerwear,  • 
  uniforms,  • 
  workwear,  • 
  knitted outerwear,  • 
  sports clothing,  • 
  underwear,  • 
  other clothing and clothing accessories, as shown in  Table 1.3  (Anon., • 
 1989 ).        
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 Table 1.1     Areas of clothing production 

 Area  Clothing type 

 Men’s outerwear  • Men’s suits 

 • Jackets 

 • Trousers 

 • Coats 

 • Raincoats 

 • Sports clothing 

 • Men’s uniforms 

 • Workwear, etc. 

 Women’s outerwear  • Women’s blouses and dresses 

 • Women’s costumes 

 • Women’s jackets 

 • Women’s slacks 

 • Women’s coats 

 • Women’s raincoats 

 • Women’s sports clothing 

 • Women’s uniforms 

 • Women’s workwear, etc. 

 Children’s clothing  • Boys’ suits 

• Coats 

• Jackets 

• Trousers

• Shirts

• Girl’s dresses 

• Coats 

• Jackets 

• Girl’s skirts and trousers 

• Blouses

• Children’s blouses and dresses 

 Underwear  Men’s 

underwear 

 Shirts, pyjamas, underpants, trunks, 

dressing gown, bathing wraps, etc. 

 Women’s 

underwear 

 Slips, corsets, bras, panties, bathing suits, 

pyjamas, nightgowns, housecoats, etc. 

 Children’s 

underwear 

 Undershirts, pyjamas, underpants, baby’s 

underwear, bathing suits, bathing coats 

 Bed linen  Quilt cases, sheets, pillow cases, etc. 

 Napery  Table cloths, serviettes, etc. 

 Knitted fabrics/ 

 knitwear 

 Knitted 

underwear 

 • T-shirts, undershirts 

 • Men’s underpants 

 • Women’s panties 

 • Slips 

 • Trunks, bathing suits, bathing coats, etc. 

 Knitted 

outerwear 

 • Cardigans 

 • Pullovers 

 • Jackets 

 • Trouser, etc. 
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 Table 1.2     Article of clothing classifi cation 

 Group  Sub-group/ 

name 

 Clothing type 

  C    C   1    Leather clothing 

 • Leather coats and capes, compose, jackets, trousers 

  C   2    Outerwear 

 •  Gowns, coats, capes, anoraks, windcheaters, jackets, 

waistcoats, pullovers, jumpers, waistcoats, jackets, 

dresses, costumes, skirts, trousers, divided skirts, 

jumpsuits, shorts, etc. 

  C   3    Underwear 

 •  Shirts, blouses, T-shirts, polo-shirts and similar shirts, 

underpants and vests, bodies, slips, pyjamas, nightdress, 

bathing-wrap, etc. 

 • Brassieres, bodices 

 • Pantyhose, stockings 

  C   4    Sports clothing 

 •  Sweatsuits, skiing suits, bathing suits and other sports 

clothing (with the exception of various protective 

devices, such as knee pads, various protectors, etc.) 

  C   5    Workwear 

 • Boiler suits, jackets, skirts, trousers, gowns, aprons etc. 

 •  Disposable clothing (in medicine, healthcare, 

laboratories, etc.) 

  C   6    Protective clothing 

 •  Protective clothing (for fi remen, foresters, in welding 

and similar processes, anti-radiation etc.), safety and 

bulletproof vests, etc. 

 • Safety gloves 

  C   7    Other clothing and clothing accessories 

  C   7/1    • Clothing for infants (rompers, underwear, etc.) 

  C   7/2    •  Textile and leather gloves, mittens, dress gloves, sports 

gloves 

 • Other hand coverings 

  C   7/3    • Scarves, neckwear, shawls 

 • Handkerchiefs, decorative handkerchiefs, etc. 

 •  Textile belts (together with watch-belts) 

 • Suspenders 

  C   7/4    • Bibs 

 •  Sleeve-reinforcement tapes, sleeve protectors used 

during writing 

 • Garters, hosiery belts 

 • Muffs, leggings 

 • Neckties and bow ties 

 • Hat hoods 

 • Sweatbands, hair ribbons, hairnets, etc. 

 • Collars (fur, embroidered, lace, etc.) 

 • Zippers 

 • Buttons and toggles, fabric coated 

 •  Protective devices (elbow protectors, knee pads, etc.) 

 •  Labels and tags, decorative pieces sewn on the clothing. 
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 Table 1.3     General classifi cation of articles of clothing 

 Clothing group/sewn articles  Clothing type 

 Men’s and boys’ outerwear  Men’s suits • 

 Trousers • 

 Coats • 

 Women’s and girls’ outerwear  Blouses • 

 Dresses • 

 Sets • 

 Skirts • 

 Coats • 

 Uniforms   

 Workwear, protective clothing, hospital clothing   

 Knitted outerwear  Vests • 

 Pullovers • 

 Skirts • 

 Trousers and slacks • 

 Dresses • 

 Sports clothing  T-shirts • 

 Sweatsuits • 

 Pullovers • 

 Underwear (woven and knitted)  Shirts • 

 Undershirts • 

 T-shirts • 

 Pyjamas • 

 Corsets, bras, hosiery belts   

 Hosiery, pantyhose, gloves 

 Bathing gown, bathing costume and trunks 

 Shawls, scarves, kerchiefs, neckties 

 Caps, hats, fur caps 

 Bedding, house textiles, textiles for hospitality services 

  1.3     Harmonised clothing classification systems 

 In addition to general classifi cation systems for clothing, most developed 
and developing countries have now adopted harmonised classifi cation sys-
tems to facilitate trade and customs tariffs. The USA has adopted a ten-digit 
code known as the ‘HTS code’. This is based on a Harmonised System 
annotated for the purpose of statistical reporting (USITC,  2012 ). The UK 
has also adopted a ten-digit code known as the ‘UK Tariff’, or the Customs 
Handling of Import and Export Freight (CHIEF) system (HMRC,  2012 ). 
The European Economic Community (EEC) has adopted an eight-digit 
code known as ‘TARIC’, which is also based on the Harmonised System. 
The legal basis of TARIC is Council Regulation (EEC) No 2658/87 on the 
tariff and statistical nomenclature, and on the Common Customs Tariff 
(Anon.,  1987 ), as amended. The purpose of this regulation is to establish a 

�� �� �� �� �� ��



6 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

Combined Nomenclature which meets the Customs Union Tariff and sta-
tistical requirements, and to create an Integrated Tariff of the European 
Communities (Commission Regulation (EU) No 1006/ 2011 ). India has also 
adopted an eight-digit code based on the Harmonised System. This is known 
as the ‘Indian Trade Classifi cation (ITC – HS)’ (Kumar,  2010 ). 

 According to the Harmonised Tariff Schedule of the United States (USITC, 
 2012 ), and European TARIC (Fabio,  2010 ) Combined Nomenclature 
(Commission Regulation (EU) No 1006/ 2011 ), textiles and textile articles 
are covered under Section XI of the Harmonised System, in which nomen-
clatures are arranged in 99 chapters. These are organised into sections I 
through to XXII. 

 Section XI Textile and textile articles consists of 14 chapters:

   Chapter 50     Silk  
  Chapter 51      Wool, fi ne or coarse animal hair; horsehair yarn and woven 

fabric  
  Chapter 52     Cotton  
  Chapter 53      Other vegetable textile fi bres; paper yarn and woven fab-

rics of paper yarn  
  Chapter 54     Man-made fi laments  
  Chapter 55     Man-made staple fi bres  
  Chapter 56      Wadding, felt and non-wovens; special yarns, twine, cord-

age, ropes and cables and articles made thereof  
  Chapter 57     Carpets and other textile fl oor coverings  
  Chapter 58      Special woven fabrics, tufted textile fabrics, lace, tapestries, 

trimmings, embroidery  
  Chapter 59      Impregnated, coated, covered or laminated textile fabrics, 

textile articles of a kind suitable for industrial use  
  Chapter 60     Knitted or crocheted fabrics  
  Chapter 61      Articles of apparel and clothing accessories, knitted or 

crocheted  
  Chapter 62      Articles of apparel and clothing accessories, not knitted or 

crocheted  
  Chapters 63  Other manufactured textile articles; sets, worn clothing 

and worn textile articles, rags.    

 The classifi cation and categories of clothing products under the Harmonised 
System according to Chapters 61, 62 and 63 are shown in  Table 1.4 . These 
sections are further subdivided into types of material: cotton, wool, polyes-
ter, silk, etc.    

 Chapter 61 covers made up knitted or crocheted articles, as well as babies’ 
nappies. This chapter does not cover: (a) goods of heading 6212, (b) worn 
clothing or other worn articles of heading 6309, or (c) orthopaedic appli-
ances, surgical belts, trusses or similar products (heading 9021). It includes 
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 Table 1.4     Classifi cation and categories of articles of clothing and clothing 

accessories in the Combined Nomenclature (Commission Regulation (EU) No 

1006/ 2011 ) 

 Chapter  Heading/ 

subheading 

 Article description 

 Chapter 61  6101  Men’s or boys’ overcoats, car coats, capes, cloaks, 

anoraks (including ski-jackets), windbreakers 

and similar articles, other than those of heading 

6103: 

 6101 20  Of cotton: 

 6101 20 10  Overcoats, car coats, capes, cloaks and similar 

articles … 

 6101 20 90  Anoraks (including ski-jackets), windcheaters, 

wind-jackets and similar articles … 

 6101 30  Of man-ma’de fi bres: 

 Chapter 61  6102  Women’s or girls’ overcoats, car coats, capes, 

cloaks, anoraks (including ski-jackets), 

windbreakers and similar articles, other than 

those of heading 6104: 

 6102 10  Of wool or fi ne animal hair: 

 6102 10 10  Overcoats, car coats, capes, cloaks and similar 

articles … 

 6102 20  Of cotton: 

 Chapter 61  6103  Men’s or boys’ suits, ensembles, jackets, blazers, 

trousers, bib and brace overalls, breeches 

and shorts (other than swimwear), knitted or 

crocheted: 

 6103 10  Suits: 

 6103 10 10  Of wool or fi ne animal hair … 

 6103 20  Ensembles: 

 6103 30  Jackets and blazers: 

 Chapter 61  6104  Women’s or girls’ suits, ensembles, jackets, 

blazers, dresses, skirts, divided skirts, trousers, 

bib and brace overalls, breeches and shorts 

(other than swimwear), knitted or crocheted: 

 6105  Men’s or boys’ shirts, knitted or crocheted: 

   6106  Women’s or girls’ blouses, shirts and 

shirt-blouses, knitted or crocheted: 

 Chapter 61  6107  Men’s or boys’ underpants, briefs, nightshirts, 

pyjamas, bathrobes, dressing gowns and 

similar articles, knitted or crocheted: 

 6108  Women’s or girls’ slips, petticoats, briefs, panties, 

nightdresses, pyjamas, negligees, bathrobes, 

dressing gowns and similar articles, knitted or 

crocheted: 

 6109  T-shirts, singlets and other vests, knitted or 

crocheted: 

(Continued)
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 Chapter  Heading/ 

subheading 

 Article description 

 6110  Jerseys, pullovers, cardigans, waistcoats and 

similar articles, knitted or crocheted: 

 6111  Babies’ garments and clothing accessories, 

knitted or crocheted: 

 6112  Tracksuits, ski-suits and swimwear, knitted or 

crocheted: 

 6113  Garments, made up of knitted or crocheted 

fabrics of heading 5903, 5906 or 5907: 

 6114  Other clothing 

 6115  Pantyhose, tights, stockings, socks and other 

hosiery, including graduated compression 

hosiery (for example, stockings for varicose 

veins) and footwear without applied soles, 

knitted or crocheted: 

 6116  Gloves, mittens and mitts, knitted or crocheted: 

 6117  Other made-up clothing accessories, knitted 

or crocheted; knitted or crocheted parts of 

garments or of clothing accessories: 

 Chapter 62  6201  Men’s or boys’ overcoats, car coats, capes, 

cloaks, anoraks (including ski-jackets), 

windcheaters, wind-jackets and similar articles, 

other than those of heading 6203: 

 6202  Women’s or girls’ overcoats, car coats, capes, 

cloaks, anoraks (including ski-jackets), 

windcheaters, wind-jackets and similar articles, 

other than those of heading 6204: 

 Chapter 62  6203  Men’s or boys’ suits, ensembles, jackets, blazers, 

trousers, bib and brace overalls, breeches and 

shorts (other than swimwear): 

 6204  Women’s or girls’ suits, ensembles, jackets, 

blazers, dresses, skirts, divided skirts, trousers, 

bib and brace overalls, breeches and shorts 

(other than swimwear): 

 6205  Men’s or boys’ shirts: 

 6206  Women’s or girls’ blouses, shirts and 

shirt-blouses: 

 6207  Men’s or boys’ singlet’s and other undershirts, 

underpants, briefs, nightshirts, pyjamas, 

bathrobes, dressing gowns and similar articles:  

 6208  Women’s or girls’ singlet’s and other undershirts, 

slips,   petticoats, briefs, panties, nightdresses, 

pyjamas,   negligees, bathrobes, dressing 

gowns and similar articles: 

 6209  Babies’ garments and clothing accessories: 

 6210  Clothing, made up of fabrics of heading 5602, 

5603, 5903, 5906 or 5907 

Table 1.4 Continued

�� �� �� �� �� ��



 Clothing classifi cation systems 9

© Woodhead Publishing Limited, 2013

 Chapter  Heading/ 

subheading 

 Article description 

 6211  Track suits, ski-suits and swimwear; other 

clothing: 

 6212  Brassieres, girdles, corsets, braces, suspenders, 

garters and similar articles and parts thereof, 

whether or not knitted or crocheted: 

 6213  Handkerchiefs: 

 6214  Shawls, scarves, muffl ers, mantillas, veils and 

the like: 

 6215  Ties, bow ties and cravats: 

 6216  Gloves, mittens and mitts: 

 6217  Other made-up clothing accessories; parts of 

garments or of clothing accessories, other than 

those of heading 6212: 

 Chapter 63  6301  Other made-up textile articles. Blankets and 

travelling rugs: 

 6302  Bed linen, table linen, toilet linen and kitchen 

linen: 

 6303  Curtains (including drapes) and interior blinds; 

curtain or bed valances: 

 6304  Other furnishing articles, excluding those of 

heading 9404: 

 6305  Sacks and bags, of a kind used for the packing of 

goods: 

 6306  Tarpaulins, awnings and sunblinds; tents; sails 

for boats, sailboards or landcraft; camping 

goods: 

 6307  Other made-up articles, including dress patterns: 

 6308  Sets consisting of woven fabric and yarn, whether 

or not with accessories, for making up into 

rugs, tapestries, embroidered tablecloths or 

serviettes, or similar textile articles, put up in 

packings for retail sale … 

Table 1.4 Continued

defi nitions of specifi c clothing and sets of clothing. For the purposes of 
headings 6103 and 6104 (Commission Regulation (EU) No 1006/ 2011 ) two 
examples relating to ‘suits’ and ‘ensembles’ are given as follows. 

 The term ‘suit’ means a set of garments consisting of two or three pieces, 
of which the outer surfaces are made in identical fabric. All the components 
of a suit must be of the same fabric construction, colour and composition. 
They must also be of the same style and of corresponding or compatible 
size. However, these components may have piping (a strip of fabric sewn 
into the seam) in a different fabric. The term ‘suit’ includes the following 
sets of garments, even where they do not fulfi l all the above conditions:
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   morning dress, comprising a plain jacket (cutaway) with rounded tails • 
and striped trousers,  
  evening dress (tailcoat), generally made of black fabric, the jacket of • 
which is relatively short at the front, does not close, and has narrow 
skirts which are cut in at the hips and hang down behind,  
  dinner jacket suits, in which the jacket is similar in style to an ordinary • 
jacket but has shiny silk or imitation silk lapels.    

 The term ‘ensemble’ means a set of clothing (other than suits and articles 
of heading 6107, 6108 or 6109), which consists of several pieces made up in 
identical fabric, offered for retail sale, and comprising:

   one type of clothing designed to cover the upper part of the body, with • 
the exception of pullovers, which may form a second type of upper cloth-
ing in the sole context of twin sets, and waistcoats, which may also form 
a second type of upper clothing,  
  one or two different types of clothing, designed to cover the lower part • 
of the body and consisting of trousers, bib and brace overalls, breeches, 
shorts (other than swimwear), skirt or divided skirt.    

 All the components of an ensemble must be of the same fabric construction, 
style, colour and composition. They must also be of corresponding or com-
patible size. The term ‘ensemble’ does not apply to track suits or ski-suits of 
heading 6112. 

 The clothing classifi cations presented above refer particularly to every-
day seasonal clothing which is required to provide protection and comfort 
within a range of ‘normal’ wear and weather conditions. These include heat 
insulation, mechanical strength, abrasion resistance, ultraviolet protection, 
breathability, heat and vapour transport, and wind- and water-proof char-
acteristics (Grishanov,  2010 ). Functional clothing, designed to meet perfor-
mance requirements under extreme or specifi c conditions, is excluded from 
this classifi cation.  

  1.4     Classification of functional clothing 

 Functional clothing is defi ned as that specifi cally designed and engineered 
to ensure predefi ned performance requirements and/or functionality for the 
user. This includes protection under harsh environmental conditions during 
work or sporting activities and protection against extreme hazards and envi-
ronments. It may also include clothing for use in monitoring and evaluating 
hazards in conditions under which conventional everyday seasonal cloth-
ing would not be adequate (Ger š ak and Mar č i č ,  2011 ). The functionalities 
required of clothing can be very different, depending on the end-use. 
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 Only a few examples of more widely-used functional clothing are pre-
sented here, as the area is complex and broad. Functional clothing may be 
classifi ed according to the main application areas, defi ned by Techtextil, 
which defi nes 12 main application areas for technical textiles (Byrne,  2000 ), 
divided into following groups:

   protective clothing (Protech),  • 
  sports-functional clothing (Sporttech),  • 
  medical-functional clothing (Medtech),  • 
  clothing for special needs.    • 

 The performance of textile materials is frequently used in describing 
 functional clothing. In the case of activity clothing, this user-requirement is 
usually specifi c and complex. Some key areas for the application of functional 
clothing will be presented with regard to the above classifi cation. 

  1.4.1     Protective clothing 

 According to the European Standard EN 340, protective clothing can be 
defi ned as clothing including those protectors which cover or replace per-
sonal clothing and which are designed to provide protection against one 
or more hazards (EN 340,  2003 ). Particular clothing may be designed to 
provide protection against hazards encountered during specifi c types of 
work. Examples include garments providing protection against cuts, abra-
sion, ballistic and other types of severe impact, including stab-wounds and 
explosions, fi re and extreme heat, hazardous dust and particles, nuclear, bio-
logical and chemical hazards, high voltages, static electricity and extreme 
cold. High-visibility wear also comes into this category. 

 Under the strict regulations placed upon employers by the introduction 
of legislation, such as the Personal Protective Equipment (PPE) at Work 
Regulation (European Union), it is necessary to ensure that protective 
clothing is adequate for meeting anticipated hazards and is used effectively. 
The clothing must be well designed and comfortable to wear. Protective 
clothing, considered as an integral part of PPE, is covered by the Personal 
Protective Equipment Directive (Directive 89/686/EEC) and is divided into 
three categories:

 Category I – ‘Simple’-designed Personal Protective Equipment . This 
 covers exclusively PPE intended to protect the wearer against:

   mechanical actions with superfi cial effects,  • 
  cleaning materials with mild and easily reversible effects,  • 
  risks encountered during the handling of hot components not exposing • 
the user to a temperature exceeding 50°C,  
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  dangerous impacts which do not affect vital areas of the body and  cannot • 
cause irreversible lesions.    

  Category II – ‘Intermediate’-designed Personal Protective Equipment  – PPE 
that is neither simple nor complex, for example, high-visibility clothing. 

  Category III – ‘Complex’-designed Personal Protective Equipment  – 
PPE intended to protect against life-threatening dangers, or dangers which 
may pose a serious and irreversible threat to the health of an individual, 
the immediate effects of which cannot be identifi ed in suffi cient time, and 
 covers exclusively:

   respiratory protection devices providing full insulation from the • 
atmosphere, including those for use in diving;  
  PPE providing only limited protection against chemical attack or ionis-• 
ing radiation;  
  emergency equipment for use within high-temperature environments, • 
comparable to an air temperature of 100°C or more and which may or 
may not be characterised by the presence of infrared radiation, fl ames or 
the projection of large amounts of molten material;  
  emergency equipment for use within low-temperature environments, • 
comparable to an air temperature of −50°C or less;  
  PPE to protect against falls from a great height;  • 
  PPE to protect against electrical risks and dangerous voltages, or which • 
is used as insulation during high-tension work.    

 Classifi cation covering types of protective clothing according to the Personal 
Protective Equipment (Directive 89/686/EEC), is given in  Table 1.5 . The 
classifi cation is based on the need for adequate standards of protection, and 
does not cover military clothing or clothing ensembles.     

  1.4.2     Sports-functional clothing 

 Sports-functional clothing differs from casual clothing in that it often has 
features which enhance functionality. Sports clothing requires a high-level 
of breathability and moisture/vapour transfer combined with heat insula-
tion and/or wind-proofi ng, waterproofi ng, and UV protection. In many 
applications, functionality must be considered in conjunction with interac-
tions between bodily activity, clothing, and the environment. 

 Sports clothing is a general term and it is necessary for garments to meet 
specifi c functional requirements, which will depend on the sport and its 
environment, as well as the construction, mechanical, physiological and/or 
aerodynamic characteristics and form of the clothing. The required func-
tionality may thus differ greatly, and may be based on the application of 
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 Table 1.5     Classifi cation of protective clothing 

 The need of protection  Kind of protective clothing 

 Protection against 

mechanical impact 

 Special workwear, which must be suffi ciently 

shock-absorbent to prevent injury resulting, in 

particular, from the crushing, etc., at last up an 

impact-energy level 

 •  Motorcyclists’ protective clothing (EN  1621 ; 

EN  1621 –1,  1997 ; EN  1621 –2,  2003 ) 

 •  Protective clothing for horse riders (protective 

jackets, body and shoulder protectors) (EN 13158, 

 2009 ) 

 •  Protective clothing for professional motorcycle riders 

(jackets, trousers, one-piece or divided suits) (EN 

13595–1,  2002 ) 

 Protection against 

physical injury 

(abrasion, 

perforation, cuts, 

bites) 

 Protective clothing again abrasion, protective clothing 

against perforation, cut resistant protective clothing. 

 •  Aprons, trousers and vest protecting against cuts 

and stabs by hand knives (EN ISO 13998,  2003 ) 

 •  Protective clothing for abrasive blasting operations 

using granular abrasives (ISO 14877,  2002 ) 

 •  Protective clothing for users of hand-held 

chainsaws – resistance to cutting by a chainsaw 

(EN 381–1,  1993 ) 

 Protection of drowning  •  Lifejackets, lifesaving suit 

 •  Buoyancy aids clothing which will ensure an 

effective degree of buoyancy 

 Protection against heat 

and/or fi re 

 •  Protective clothing for protection against heat and 

fl ame (ISO 14116,  2008 ; EN ISO 11612,  2009 ) 

 •  Protective clothing for fi refi ghters (EN 469,  2007 ) 

 •  Protective clothing for use in welding and allied 

processes (EN 470–1,  1995 ; ISO 15384,  2003 ; ISO 

11611,  2007 ) 

 •  Protective clothing for workers exposed to heat 

(excluding fi refi ghters’ and welders’ clothing) (EN 

531,  1995 ) 

 •  Protective clothing against the thermal hazards of an 

electric arc (IEC 61482–2,  2009 ) 

 •  Protective clothing with electrostatic resistance – 

when the worker is exposed to environments where 

a spark could cause explosions or ignite fi res, e.g. 

petrol stations, petrol tanker drivers, fl our mills, 

clean rooms etc. (EN 1149,  1995 ). Protective clothing 

can be classifi ed according to the type of fabric used: 

clothing with surface conducting fabrics (EN 1149–1, 

 2006 ), and clothing with corona fabrics (EN 1149–5, 

 2008 ) 

 •  Protective clothing for automobile racing drivers 

(ISO 14460,  1999 ) 

(Continued)
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 The need of protection  Kind of protective clothing 

 Protection against cold  •  Protective clothing against cold (EN 342,  2004 ) 

 Protection against rain  Protective clothing for protection against rain (EN 343, 

 2003 +A1,  2007 ; EN 14360,  2004 ) 

 Protection against 

electric shock 

 •  Electrical insulating protective clothing for 

low-voltage installation (EN 50286,  1999 ) 

 •  Conductive clothing for live working at a nominal 

voltage (EN 60895,  1997 ) 

 •  Protective shielding clothing for live working 

(Herzberg et al.,  2001 ) 

 Protection against 

radiation 

 •  Protective clothing against radioactive 

contamination (EN 1073–1,  1998 ; ISO 8194,  1987 ) 

 •  Protective clothing against radioactive particulate 

matter 

 Protection against 

dangerous 

substances and 

infective agents 

 Clothing for protection against penetration or skin 

contact with hazardous chemicals, toxic gases, body 

fl uids:

•  Protective clothing for protection against chemicals 

(ISO 16602,  2007 ) 

 •  Clothing for protection against liquid chemicals 

(ISO 13994,  2005 ) 

 •  Chemical protective clothing for use against solid 

particulates (ISO 13982–1,  2004 ) 

 •  Clothing for protection against contact with blood 

and body fl uids (ISO 16603,  2004 ) 

 •  Clothing for protection against infectious agents 

(ISO 22609,  2004 ) 

 Protection against 

invisibility 

 •  High-visibility warning clothing for professional use 

(EN 471,  2003 ) 

 •  Visibility clothing for non-professional use (EN 1150, 

 1999 ) 

Table 1.5 Continued

compression or the principles of aerodynamics to reduce wind or air-drag 
during high speed sports. Compression clothing (e.g. tights, clothing, and 
stockings) includes elastic, body-moulded suits with an engineering com-
pression gradient and which may be worn as upper or lower body pieces 
(Perrey,  2010 ). The function of aerodynamic clothing (i.e. garments for ath-
letic or cycling wear) is to trap a thin layer of air next to the body (Kyle and 
Caiozzo,  1986 ; Brownlie  et al .,  2004 ). Both principles may be used in combi-
nation or individually, according to the requirements. Further classifi cation 
of sports-functional clothing is given in  Table 1.6 .     
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 Table 1.6     Classifi cation of sports-functional clothing 

 Sport  Kind of clothing 

 Golf  •  Golf stylish clothing (allow also a casual or a formal 

look of clothing) 

 Tennis  •  Short tennis skirts, t-shirts 

 •   Tennis dresses made out of a variety of high 

performance fabrics 

 •  Men shorts, t-shirts 

 Soccer  •  Soccer uniform 

 Basketball  •  Basketball wear 

 Baseball  •  Baseball uniform (sliding shorts and jerseys) 

 Football  •  Football shirts, football shorts 

 •  Protective clothing – shin guards (EN 13061,  2009 ) 

 Contact sports (like 

American football 

and ice hockey) 

 •  Adequate uniform as protective clothing with chest 

guard 

 Swimming  •  Swimsuit, bathing suit, swimming costume 

 •  Professionals skintight costumes 

 •  Bodysuits, called as dive skins 

 Diving  •  Diving suit 

 •  Wetsuits 

 Running  •  Women’s running clothing (lightweight performance in 

an athletic design) 

 •  Men’s running clothing (lightweight performance in an 

athletic design) 

 •  Skintight garment 

 Skiing  •  Ski suit, snowsuit 

 •  Jumpsuit (two-piece, in the form of a ski jacket and 

matching trousers) 

 •  Racing suit 

 •  Cross-country gear 

 •  Ski jacket 

 Ice skating  •  Skating dress 

 •  Speed skating dress 

 Cycling  •  Cyclist wear 

 Motocross/

motorcycle riding 

 •  Protective clothing for professional motorcycle riders 

(jackets, trousers, one-piece or divided suits) 

 Aeronautics  •  One-piece fl ying suit 

 Fencing  •  Fencing clothes, jacket, knickers 

 Karate  •  Special karate clothing 

 Fitness clothing  •  Men’s t-shirts, tank tops, shorts, pants 

 •  Ladies sports bras, workout pants or shorts 

 Mountaineering/ 

alpine  

 climbing 

 •  Mountaineering clothing 

 •  Climbing clothing, climbing breeches, snowshirt 

 •  Expeditionary clothing 

 •  Wanderer clothing 

 •  Running wear 
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  1.4.3     Medical-functional clothing 

 This category refers to functional clothing for healthcare. Characteristics 
typically include absorbency (wound-dressing), air permeability (surgeons’ 
gowns, staff uniforms) and durability (pressure clothing). These types of 
functional clothing may be categorised into four separate and specialised 
areas of application, as follows:

   healthcare/hygiene clothing,  • 
  surgical clothing,  • 
  therapeutic clothing,  • 
  intelligent functional clothing.    • 

 Healthcare/hygiene and surgical clothing are important sectors in the fi elds 
of medicine and surgery. They may be used in operating theatres and on 

 Table 1.7     Classifi cation of medical-functional clothing 

 Areas of application  Kind of clothing 

 Healthcare/hygiene  •  Healthcare uniform 

 •  Clothing for nursing staff, nurse’s uniform 

 •  Clothing for patients, scrubs, patient wear 

 •  Medical coats, tabards 

 •  Medical protective clothing (in isolation wards and 

intensive care units) 

 •  Protective gown for dentist 

 •  Protective gown for veterinary 

 Surgery  •  Surgical clothing 

 •  Surgeon’s gowns, caps 

 •  Surgical cover cloths 

 •  Surgical hosiery 

 •   Surgical hosiery with graduated compression 

characteristics 

 Therapeutic clothing  •  Pressure clothing 

 •  Tubular elasticised net garment 

 •  Far infrared therapeutic clothing 

 •  Infrared shapewear 

 •  Anti-microbial underwear 

 •  Anti-irritant’s underwear (Patrizi et al.,  2011 ) 

 Intelligent functional 

clothing 

 •  Cardiopulmonary resuscitation vest (Tsuji et al.,  1998 ) 

 •  EKG Vests for heart patients 

 •  Intelligent biomedical clothing 

 •  Intelligent clothing’s physiological monitoring 

 •  Intelligent clothing in prehospital emergency care 

 •  Intelligent functional clothing for personal health 

records and medical information management 
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hospital wards for the care, hygiene, and safety of staff and patients (Rigby 
and Anand,  2000 ; Podpovitny  et al .,  2011 ). Therapeutic clothing includes 
pressure clothing and clothing designed specifi cally to aid in reducing the 
risk of infection. Intelligent functional clothing is a relatively new and spe-
cifi c area in medical-functional clothing.  Table 1.7  illustrates the range of 
medical clothing described according to functional requirements or in pro-
viding protection against potential hazards to health.     

  1.4.4     Clothing for special needs 

 This category of clothing is concerned with improving the quality of life 
for people with special needs or disabilities. This includes wheelchair users, 
stroke victims, arthritis sufferers, and those with restricted movement. 
Special needs clothing for disabled people are garments made to measure 
for individual comfort. This includes clothing with modifi cations for para-
plegics, the elderly and handicapped, hypo-allergenic garments, clothing for 
Alzheimer’s sufferers, arthritis patients, incontinence sufferers, jumpsuits, 
sensory-perceptive children’s clothing and clothing for those with other 
disabilities. The needs of each group are distinct. It is therefore necessary 
for the clothing to be engineered to specifi c requirements (Gupta,  2011 ). 
Design considerations include changes in body shape, limitation of mobil-
ity, ergonomic and physiological requirements and psychological and social 
needs.   

  1.5     Conclusions 

 Although there have recently been major developments in new materials 
and clothing products (e.g. wearable electronics), their classifi cations have 
not yet been systematically defi ned. It is necessary to establish a coherent 
and universally acceptable description and classifi cation for such clothing. 
The classifi cation systems presented here are for the purposes of general 
knowledge and the understanding of clothing requirements. Classifi cation 
also contributes to the development of terminology in the fi eld of clothing 
engineering. There are also important linguistic and cultural perceptions as 
to what constitutes clothing, across a range from everyday seasonal clothing 
to functional clothing.  
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 Clothing sizing systems   

   DOI : 10.1533/9780857097835.21 

  Abstract : This chapter provides an overview of the development 
and analysis of sizing systems for clothing, and the manner in which 
information about the designated systems is shared. The fi rst part includes 
a short chronological survey of global studies and investigations in the 
fi eld of anthropological measurements and the development of clothing 
sizing and designation systems. It continues with discussion of different 
sizing systems and designations. The chapter includes the European 
and international sizing systems which are based on body dimensions, 
the metric system, and data from new anthropometric studies of the 
population performed in the late 1990s. 

  Key words : clothing, anthropometric measurements, sizing systems, 
designating. 

    2.1     Introduction 

 Until the fi rst decades of the twentieth century, garments were usually 
made-to-measure, that is, made using the individual body measurements of 
each customer. However, tailors were constantly seeking to construct a pro-
portional scale of body measurements which would allow them to construct 
ready-made clothes to fi t different customers. Practical experience led to the 
development of several methods for determining clothing sizes. These were 
mostly adapted to a particular customer or to a relatively small group. 

 All systems of clothing sizes are based on anthropometric measurements 
of body height and fi gure type. The Belgian mathematician A. Quetelet 
(Porter  et al .,  2003 ; Spatz,  2011 ; Anon.,  2012a ), carried out the fi rst anthropo-
metric measurements during the fi rst half of the nineteenth century, with the 
aim of developing a system of standardised clothing sizes based on variation 
in body measurements. In 1844 he published his results after measuring var-
ious population groups and was able to derive a theoretical frequency distri-
bution which closely predicted the observed variation in height, weight, and 
chest circumference of various groups in the population. 

 The need to design standardised systems for clothing sizes was a result of 
the mass production of clothing at the end of the nineteenth and the beginning 
of the twentieth centuries (Workman,  1991 ). Comprehensive anthropometric 
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measurements of the population were necessary for the design of such sys-
tems. Anthropometric measurements were performed in Germany as early 
as 1875 on army recruits. W.B. Pollock applied for the fi rst patent in the area 
of clothing  sizing in 1885 (Pollock,  1885 ) for a system of body measure-
ment and the measuring of clothing sizes ( Fig. 2.1 ). The results obtained 
indicate that the inhabitants of many developed countries have, on average, 
been growing taller. A considerable increase in the height of men has been 
recorded during the past 130 years – the average German is, for example, 
16 cm taller than was the case a hundred years ago – an increase of more 
than 1 cm per decade (Anon.,  2008a ).     

  2.2     Clothing size and designation systems: 
a chronological review 

 This section provides a short chronological survey of global studies in the 
fi eld of anthropological measurements and of the development of clothing 
sizing and designation systems:

   1884     The fi rst measurements for the purpose of standardising clothing 
sizes were the result of collecting women’s body measurements at 

(a) (b)

 2.1      U.S. Patent applications for taking body measurements, 

no. 320,496, W. B. Pollock (Pollock,  1885 ): (a) front view of body-and-

sleeve form of fi tting device (b) a rear view of same.  
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high schools. This began at the Vassar College in New York in 1884, at 
Stanford University in California in 1890, and at the Schmith College 
in Massachusetts in 1903 (Ashdown,  1998 ).  

  1901     The American federal administration established the National 
Bureau of Standards (NBS),  1   to set standards for measurements in 
science and industry (CS 215–58,  1958 ).  

  1902     The retail catalogue  The 1902 Sears, Roebuck Catalogue  advertised 
garments with sizes marked by size and age,  Fig. 2.2  (Anon.,  1993 , 
 2008b ; Swearingen,  1999 ).  

  1921     The fi rst report on American anthropological measurements was 
published, based on the measurements of around 100 000 males, at the 
time of the demobilisation following World War I (Fan  et al .,  2004 ).  

  1921     The Offi ce of Public Health in the State of Illinois published anthro-
pometric tables of body measurements for children aged between 6 
and 72 months (SDPH,  1921 ).  

  1937–38     Anthropometric measurements were organised in various cli-
matic areas of Texas and in 13 other American states. These involved 
3000 boys and 3535 girls between the ages of 7 and 14. They established 
size and garment construction standards (Whitacre and Grimes,  1959 ). 
The investigations were initiated by the National Bureau of Home 
Economics and the US Department of Agriculture, and included 36 
measurements for each person tested. The study was performed in 1941 
and provided basic data on the physical development of children.  

  1       NBS  [Engl.  N(ational) B(ureau) of S(tandards) ] – Bureau founded by Act of 
Congress on March 3rd 1901. It consisted of the Institute for Basic Standards, the 
Institute for Material Science, the Institute for Applied Technology, the Center for 
Computing and Technology and the Information Offi ce (CS 215–58,  1958 ).  

(a) (b)

 2.2      An example of garment size designations in the  Sears  catalogue 

from 1902: (a) fi sh net shirt and (b) boy’s wash crash suit.  
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  1937–39     Comprehensive anthropological measurements of 147 088 
children, aged between 4 and 17 were organised for the purpose of 
predicting garment sizes and dimensions for desks and other school 
furniture (O’Brien,  1939 ,  1941 ). The results were published in the 
USDA Miscellaneous Publication No. 366 under the title  Body 
Measurements of American Boys and Girls for Garment and Pattern 
Construction  (CS151–50,  1945 ).  

  1939–40     The fi rst comprehensive scientifi c investigation organised by the 
National Offi ce of Internal Economy, US Department of Agriculture 
involved around 150 000 American women. The results were pub-
lished in 1941 in the USDA Miscellaneous Publication No. 454 enti-
tled  Women’s Measurement for Garment and Pattern Construction  
(NIST,  2011a ,  2011b ).  

  1945     Recommended Commercial  2   Standards were presented to distribu-
tors and users at the request of The Mail Order Association of America 
(MOAA) on 10 September 1945 and designated CS 151–50. These 
included anthropometric measurements for infants, young children and 
for boys and girls garment sizes. The standard for children’s underwear 
was accepted 3 years later, in October 1948 (CS151–50,  1948 ).  

  1947     A non-governmental organisation for standardisation ISO  3   was 
established with the general secretariat in Geneva, Switzerland.  

  1953     Hungary developed a set of tables based on professional measure-
ments and calculations, and issued the garment size standard MOSZ 
6100–53 A. The standard covered 40–50% of the population (D á n 
and D é ri,  1998 ).  

  1953–54     Hungary organised a programme of comprehensive anthropo-
metric measurement, involving 40 752 people, and developed tables 
with new measurements. These tables have never been accepted in 
practice (D á n and D é ri,  1998 ).  

  1954     The Danish Association for Standardisation issued their national 
standard DS 923 with sizes for woven garments (Fan  et al .,  2004 ).  

  2       Commercial Standards (CS)  – commercial standards, developed by the industry, 
with the administrative and technical support of the Standards department at the 
National Bureau of Standards (NBS, (now NIST). Each commercial standard was 
afterwards subjected to further revisions and substitutions (NIST,  2011b ).  

  3       ISO  [Engl.  I(nternational) S(tandardising) O(rganization )] – The International 
Organisation for Standardisation is a worldwide federation of national standards 
bodies (ISO member bodies), including 157 states (one member per state) with 
the Secretary General coordinating the system in Geneva. The work of preparing 
International Standards is normally carried out through ISO technical commit-
tees. In Greek the word  isos  means  equal  and is the root of the prefi x iso-, which 
is a foundation concept for international standardisation ISO, that is, isometry 
(equal measures), isonomy (equality in political rights), etc.  
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  1955–59     The Polish Academy of Science, together with the Central 
Laboratory for the Clothing Industry, organised anthropometric 
 measurements as a basis for establishing a national system of garment 
sizing.  

  1957     A garment-sizing system was developed in Great Britain. The Joint 
Clothing Council organised anthropometric measurements of 4349 
women between the ages of 18 and 70. The Council developed a 
 sizing system for women’s garments and garment construction, based 
on data analysis of these measurements. Three types of women’s fi g-
ures were defi ned by height (short, medium and tall), as well as three 
types based on fullness of fi gure (slim, normal and full) (Chun-Yoon 
and Jasper,  1993 ).  

  1957–58     The Hohenstein Research Institute (Germany) conducted inves-
tigations into body measurements based on a representative number 
of measurements from women and girls (Schierbaum,  1993 ).  

  1958–59     Hungary conducted so-called control measurements of a signifi -
cant number of the population (5000 men, 5000 women and 13 000 boys 
and girls), which were used to develop tables including 59 men’s sizes, 41 
women’s sizes, 26 girls’ and 32 boys’ sizes. These tables have never been 
accepted in practice (D á n and D é ri,  1998 ).  

  1957–65     The former Soviet Union carried out comprehensive mea-
surements of major population groups, including men, women and 
 children from various parts of the country.  

  1958     The American NBS issued a commercial standard CS 215–58  Body 
Measurement for the Sizing of Women’s Patterns and Apparel  (CS 
215–58,  1958 ), based on anthropometric measurements carried out 
to determine women’s garment sizes. The data used in the analysis 
were obtained in the period 1939–40 (NIST,  2011a ) and the standard 
was developed at the request of MOAA.  

  1960–61     The German Research Institute in Hohenstein conducted 
anthropometric measuring of the female population for the German 
clothing industry with the aim of producing garments sized to fi t the 
general population (Schierbaum,  1993 ).  

  1961     The National Committee for Standards established the European 
Committee for Standardisation CEN  4   for EU and EFTA  5   countries.  

  4       CEN  [Fr.  C(omit é ) E(urop é en)  de  N(ormalisation )] – Established in 1961 at the 
National Body for Standards, within the European Economic Community and EFTA 
states. CEN is a major provider of European Standards and technical specifi cations. 
It is the only recognised European organisation in accordance with Directive 98/34/
EC for the planning, drafting and adoption of European Standards in all areas of 
economic activity, with the exception of electro-technology (CENELEC) and tele-
communications (ETSI).  

  5       EFTA  [Engl.  E(uropean) F(ree) T(rade) A(ssociation) ] – established by a 
Convention signed in Stockholm on 4 January 1960 (so called EFTA convention). 
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  1962–63     The Yugoslav Committee for Standardisation organised sys-
tematic anthropometric measurements in Vojvodina (a province in 
Serbia), involving 5000 people of both sexes, aged between 2 and 55, 
who were divided into two groups. The fi rst group consisted of peo-
ple aged from 2 to 19 and the second consisted of those between 20 
and 55 (Knez,  1994 ; Ujevi ć   et al .,  2006 ).  

  1962–63     Hungary again conducted anthropometric measurements based 
on international experience which, on this occasion, were much bet-
ter prepared. The project involved 0.5% of the population, or 51 000 
people between the ages of 16 and 60, as well as 2000 children from 
6 months to 5 years. (D á n and D é ri,  1998 ).  

  1963     The Yugoslav Department of Standardisation issued a study with 
the aim of meeting the needs of the clothing industry. It consisted 
of experimental anthropometric measurements of the inhabitants of 
Vojvodina (Balaban  et al .,  1963 ).  

  1963     The Research Institute of Hohenstein issued tables of garment 
sizes for women’s and girls’ outerwear at the request of professional 
associations in Germany. The tables were based on anthropometric 
measurements carried out in 1957 and 1958, as well as on those from 
1960 to 1961 (Schierbaum, 1982,  1993 ).  

  1963     The Netherlands Institute for standardisation (NNI) presented a 
standard for a garment-sizing system for men.  

  1965–66     Anthropometric measurements were undertaken on 7283 males 
in France, aged between 22 and 64 (Fan  et al .,  2004 ).  

  1966     Bekleidungstechnisches Institut M ö nchengladbach (Germany) 
issued tables of measurements for men’s and boys’ outerwear, 
based on more than 80 000 measurements of around 10 000 peo-
ple (Schierbaum,  1982 ). The tables included 88 commercial sizes, 
among them 60 for men, 7 for boys and 21 for adolescents. Due to 
the growing importance of the European market, the tables included 
European sizes. German sizes were designated separately in accor-
dance with the recommendations of the Association des Industris 
de l’Habillement (European Association of Clothing Industry). The 
European sizes consisted of three European identifying dimensions: 
body height, chest girth and waist girth. The German measurements 
consisted of half the chest girth and half the difference between the 
waist and chest girths and the average body height.  

  1966–67     The Japanese standard JIS offered a review of garment sizes 
based on the measurements of approximately 35 000 people.  

5 It was founded on the premise of free trade as a means of achieving growth and 
prosperity amongst its Member States as well as promoting closer economic 
 cooperation between the Western European countries.  
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  1968     An adaptation of the standard CS 215–58 was undertaken in May 
1968 at the request of MOAA, for the purpose of obtaining a better 
match for the body measurements of the female population at the 
time (NIST,  2011c ).  

  1969     Supplemented anthropometric measurements were carried out 
in France on 8037 women aged between 18 and 65, and on around 
14 000 boys and girls aged between 4 and 21 (Fan  et al .,  2004 ).  

  1969     The fi rst anthropological measurements were organised in Australia 
and involved 11 455 females.  

  1970     The American NBS issued a modernised commercial standard CS 
215–58, dating from 1968, in a new edition, as a  Voluntary Product   6   
 Standard PS 42–70 , intended for commercial purposes (PS 42–70, 
 1970 ; NIST,  2011c ).  

  1970     Germany again organised measurements of the female population, 
as fi eld reports indicated that garment-sizing tables for women’s 
and girls’ outerwear had become outdated as body measurements 
and proportions had changed with time. Experts concluded that the 
female population should be measured every 10 years if the clothing 
industry was to produce garments based on realistic body measure-
ments, able to meet the requirements of fi tting well and presenting an 
attractive appearance (Anon.,  1970 ; Schierbaum,  1982 ). This investi-
gation was carried out by three institutions, the Hohenstein Research 
Institute (Forschungsinstitut Hohenstein), the Institute for Clothing 
Physiology (Bekleidungsphysiologischen Institut e.V.) Hohenstein, 
and a market research company from Hamburg (Gesellschaft f ü r 
Marktforschung mbH). The measurements of 10 000 women and 
girls were taken and presented in tables for the construction of wom-
en’s and girls’ outerwear (Anon.,  1970 ).  

  1972     The Swedish National Institute organised around 40 000 anthropo-
metric measurements from approximately 1000 people. The sample 
was small and highly homogeneous.  

  1972     Tables of women’s and girls’ body measurements for outerwear 
were compiled for the second time in Germany in November 1972. 
For the fi rst time, this included garment construction tables which 
incorporated around 6000 construction measurements (for 10 dif-
ferent height groups and 15 different size scales). This represented 
an important step forward in systematising garment construction 
(Schierbaum,  1982 ).  

  6       Voluntary Product Standards (VPS)  – non-obligatory standards for products 
developed by the Department of Commerce in May 1970. Voluntary Product 
Standards are completely free of any obligation (PS 42–70,  1970 ; NIST,  2011b ).  
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  1973     The former Soviet Union issued tables of garment sizes PC3137 
and PC3138.  

  1974     The English standard was published for women’s outerwear gar-
ment sizes, under the designation BS 3666 (BS 3666,  1974 ; Boughey, 
 1978 ).  

  1974     China began preparations for issuing garment-sizing standards, 
known as GB 1335–81. The standard was implemented in 1981 (Fan 
 et al .,  2004 ).  

  1975     The International Organisation for Standardisation (ISO) devel-
oped a new system for size designation, with key dimensions and 
pictograms  7   of fi gure types, that is, pictorial symbols used to indicate 
the position on the body of the relevant dimensions.  

  1977     The Swedish Institute for Textile Research (TEFO) and the 
Association of Textile Industry (KIF) issued a sizing system for 
 women’s garments.  

  1977     Great Britain issued a standard for the size designation of clothing 
BS 5511 (BS 5511,  1977 ), which included defi nitions and measuring 
procedures.  

  1977–82     The ISO Technical Committee (ISO/TC)  8   133, a part of the 
International Organisation for Standardisation, issued a series of 
standards in the fi eld of garment designation size: ISO 3635,  1981 , 
ISO 3636,  1977 , ISO 3637,  1977 , ISO 3638,  1977 , ISO 4415,  1981 , ISO 
4416,  1981 , ISO 4417,  1977 , ISO 4418,  1978 , ISO 5971,  1981 , ISO 7070, 
 1982 . The standard ISO 3635, dealing with the defi nitions and body 
measurement procedure, underwent two corrigenda.  9   The third edi-
tion was issued in 1981 (the second, which was corrected, was issued 
in 1979).  

  1978–81     Japan undertook comprehensive investigations involving some 
50 000 people of both sexes and all age groups (Fan,  2004 ).  

  1979     The Yugoslav Department of Standardisation issued a series of ten 
standards dealing with the designation of garment sizes (JUS F.G0.001, 
 1979 , JUS F.G0.002,  1979 , JUS F.G0.003,  1979 , JUS F.G0.004,  1979 , 
JUS F.G0.005,  1979 , JUS F.G0.006,  1979 , JUS F.G0.007,  1979 , JUS 
F.G0.008,  1979 , JUS F.G0.009,  1979 , JUS F.G0.010,  1979 ).  

  7       Pictogram  [Lat.  pictus  drawn +  gram  from Gr.  gramma, grammatos  letter; in com-
pounds: presentation, written or drawn] – pictorial presentation, a symbol with 
an internationally accepted meaning; drawing or hieroglyph which represents an 
object or notion (Anon.,  2002 ).  

  8       TC  [Engl.  T(echnical) C(ommittee) ] ISO/TC 133, a sizing system and designations 
for clothes; ISO Technical Committee preparing the international standards ISO.  

  9       Corrigenda  [ korig é nda  Lat., which should be corrected, from  corrigere  correct] – 
corrections, a list of printing and authorial errors with adequate corrections.  
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  1980–86     The Netherlands carried out anthropometric measurements on 
a sample of around 10 000 people of both sexes and developed sizing 
tables for the clothing industry.  

  1981–82     Germany again organised anthropometric measurements of the 
female population, including some 10 000 women and girls.  

  1982     The British Offi ce of Standardisation issued a series of standards for 
the designation of garment sizes, that is, BS 3666 (BS 3666,  1982 ) for 
women’s garments, BS 3728 (BS 3728,  1982 ) for children’s  garments, 
and BS 6185 (BS 6185,  1982 ) for men’s garments.  

  1983     Japan issued a standard sizing system for women’s garments JIS 
L4005.  

  1983     The German Association for Women’s Outerwear (DOB)  10   devel-
oped a sizing system, adapted to ISO standards. This sizing system 
encompassed nine body types classifi ed according to height and 
build – tall, medium and short for height and slim, normal and heavy 
for build.  

  1986     Hungary developed a sizing system for women’s garments MSZ 
6100/1 (OHS,  1986 ; D á n and D é ri,  1998 ), which defi ned two types of 
build: normal and heavy.  

  1988     The USA issued an anthropometric study, entitled ANSUR, for 
military personnel. Its aim was to defi ne sizing standards for military 
uniforms and equipment. This investigation included 1774 male and 
2208 female subjects (Ashdown,  1998 ).  

  1989     The European Association of Clothing Industry (AEIH) prepared 
a series of men’s and women’s body measurements, based on three 
size types and six other body measurements.  

  1989     The ISO/TC 133, at the International Organisation for Standardi-
sation, issued the standard ISO 8559 (ISO 8559,  1989 ), dealing with 
garment construction, anthropometric surveys and body dimensions.  

  1990     Members of the Technical Committee of the European Association 
of Clothing Industry (AEIH), developed a set of tables of garment 
measurements.  

  1990     The British Offi ce for Standardisation issued the standard BS 7231 
which dealt with the anthropometric measurements of boys and girls, 
from infants to 16.9 years of age. The fi rst part of the standard, BS 
7231–1 (BS 7231–1,  1990 ), presented the information in tabular form 
whilst the second part, designated BS 7231–2 (BS 7231–2,  1990 ), gave 
recommendations for children’s body measurements.  

  1991     A paper was published in Germany, entitled  New European Gar-
ment Sizing Tables (Neue Europa-Gr öβ en-Tabellen f ü r Bekleidung)  

  10      DOB  [ger.  D(amen) -O(ber)b(ekleidungs-Industrie)] – Acronym German retail women’s 
outerwear.  
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(Rausch,  1991 ). The tables were based on European studies and 
synchronised within European standards. Clothing manufacturing 
associations in Belgium, Denmark, Germany (with the exception of 
men’s garments), Finland, Greece, the Netherlands, Norway, Portugal, 
Sweden, and Switzerland supported the tables, whilst France, Great 
Britain, Spain, and Finland opposed them.  

  1991     The ISO/TC 133 Technical Committee at the International 
Organisation for Standardisation issued technical information ISO/
TR 10652 (ISO/TR 10652,  1991 ), entitled  Standard garment sizing 
systems .  

  1992–94     Japan was probably the fi rst country to organise comprehen-
sive anthropometric measurements using 3D-body scanners. This 
investigation involved some 34 000 people (around 19 000 males and 
15 000 females) aged between 7 and 90. The study found the average 
Japanese to be 10 cm taller than had been the case 100 years earlier 
(NIBHT,  1997 ).  

  1994     A committee of the American Society for Testing and Materials 
(ASTM  11  ) issued an up-to-date standard D5585–94, based on new 
anthropometric measurements but which also took into account 
previous experiences and USA market investigations (Ashdown, 
 1998 ).  

  1994     The German Association for Women’s Outerwear (DOB) devel-
oped a new sizing table for women’s outerwear which incorporated 
24 body measurements.  

  1995     The USA organised anthropometric measurements of more than 
6000 women aged 55 and over. This revealed that the values at the 
time did not match the actual sizes of older people and that in con-
sequence, many garments did not offer a proper fi t. A new standard 
was designed for the female population of this age group D5585–95 
(ASTM D5585–95,  1995 ; Goldsberry,  1996a ,  1996b ).  

  1998     A working group of the CAESAR (Civilian American and European 
Surface Anthropometry Resource) project, which investigated weight, 
ethnic heritage, gender, geographic and socio-economic status of 
people, obtained more than 10 000 anthropometric measurements 
recorded in South America, the Netherlands, and Italy. This investiga-
tion used Cyberware 3D-body scanners and incorporated three records 
for each person, one in a standing and two in a sitting position,  Fig. 2.3  

  11       ASTM  [A(merican) S(ociety for) T(esting and) M(aterials)], is an international standards 
organisation that develops and publishes voluntary consensus technical standards for a wide 
range of materials, products, systems, and services. ASTM, founded in 1898 as the American 
Section of the International Association for Testing and Materials, pre-dates other standards 
organisations such as BSI (1901), DIN (1917), etc. Since 2001 it has been known as ASTM 
International.  
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(Robinette  et al .,  1999 ; Ashdown  et al .,  2002 ,  2007 ). The CAESAR study 
(a survey of body measurements for people aged between 18 and 65), is 
a collaborative effort with partners from several countries across many 
industries.  

  1999     Anthropometric measurements in the Netherlands began in August 
1999. Entitled NedScan. These were part of the CAESAR project 
and involved 1255 male and female subjects aged between 18 and 
65. A Vitronic 3D-body scanner was used to take the measurements 
(Robinette  et al .,  2002 ).  

  1999–2004     The Centre for 3D Electronic Commerce was established 
in Great Britain. This had three important projects: virtual shop-
ping, custom-made garments, and a national sizing survey, known as 
SizeUK. These were the fi rst comprehensive anthropometric mea-
surements performed in Great Britain since 1950. The measurements 
were undertaken in eight different areas of the country and involved 
5000 male and 5000 female subjects. They were performed using a 
[TC] 2  scanner, which enabled 140 automated measurements to be 
taken for each person (Bougourd and Treleaven,  2002 ). 

     The results of the survey showed that over 60% of UK shoppers 
had diffi culty fi nding clothes to fi t and that the average female waist 
size had increased by 16.5 cm since the 1950s (Anon.,  2011a ).    

  2001–04     The European Committee for Standardisation (CEN), which had 
started the process of designing a new, modern system of garment size 
designation in 1996, issued the European standard size designation 

 2.3      Three body postures (Ashdown  et al .,  2007 ).  

�� �� �� �� �� ��



32 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

of clothes EN 13402 (ENCS,  2006 ). The fi rst part of the standard, EN 
13402–1 (EN 13402–1,  2001 ), issued in 2001, dealt with terminology, 
defi nitions, and measurement procedure. The second part, designated 
EN 13402–2 (EN 13402–2, 2002), was issued in 2002 and dealt with 
primary and secondary dimensions, whilst the third part of the stan-
dard, EN 13402–3 (EN 13402–3,  2004 ), describing measurements and 
the intervals at which they were to be taken, was issued in November 
2004. The fourth part, EN 13402–4 (prEN 13402–4,  2005 ), which deals 
with the coding system, is still in preparation. The standards were pre-
pared by the Technical Committee of the European Committee for 
Standardisation CEN/TC 248, Textile and Textile Products.  

  2000–02     Anthropometric measurements were carried out in Italy as part 
of the project CAESAR, under the title of NedScan.  

  2002–03     Employing a method and procedure similar to that of the British 
SizeUK, America performed anthropometric measurements on   
  10 800 people at 13 different locations in the USA (Anon.,  2010a ).  

  2004     Mexico organised comprehensive national anthropometric mea-
surements using the [TC] 2  scanner, which involved a sample of 6600 
male and female subjects.  

  2004     The Republic of South Africa initiated a project entitled African 
Body Dimension (ABD), carrying out anthropometric measure-
ments to meet the needs of their clothing and textile industries 
(Pinkie  et al .,  2010 ).  

  2004–05     In Croatia, the technological research and development project 
Croatian Anthropometric System (HAS), carried out comprehen-
sive measurements of 30 866 subjects at 20 municipalities in Croatia 
and in the capital city of Zagreb. The measurements were intended 
to provide a foundation for the design of new garment and footwear 
sizing systems (Ujevi ć   et al .,  2006 ).  

  2006     IFTH, the French Textile and Clothing Institute published the 
results of the French Measurement Campaign, for which it acted as 
project manager. The objective was to measure a representative sam-
ple of the population throughout France. 11 562 people (men, women 
and children), from 5 to 70 years of age, were measured. The results 
showed the morphology of the French population had changed. Over 
a period of 36 years, women had become taller (from 160.4 to 162.5 
cm) and had increased from a size 38 to a size 40. Men were taller (by 
6.9 cm) and heavier (by 5.4 kg) (Anon.,  2012b ).  

  2006     An anthropometric survey of 1000 women and 500 men aged 
between 18 and 24 was conducted by D. Gupta from the Indian 
Institute of Technology in Delhi (Gupta  et al .,  2006 ; Gupta,  2010 ).  

  2007–09     The Hohensteiner Institut B ö nnigheim, together with the com-
pany Human Solutions, began a project of taking representative 
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anthropometric measurements, (named SizeGERMANY) on 1st 
of July. The project was supported by the German clothing industry, 
clothing retail companies and the Association of Clothing Industries. 
The measurement phase ended on 31 October 2008, after the mea-
surements of 13 362 men, women and children in an age range of 
6–87 years had been recorded. The measurements were taken in four 
postures, three standing and one sitting,  Fig. 2.4 , using the Human 

(a) (b) (c)

(d)

(e)

(f)

 2.4      Anthropometric measurements using the Human Solutions 

3D-body scanner (Anon.,  2009b ): (a) 3D-body scanner, (b), (c) and (d) 

standing postures, (e) and (f) sitting postures.  
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Solutions 3D-body scanner (Anon.,  2009a ,  2009b ). The resultant data 
were processed for statistical analysis in the two main application 
sectors of fashion and ergonomics to determine signifi cant changes 
in body measurements. The last representative size survey for women 
was carried out in Germany in 1994. The following increases on the 
average values gathered in 1994 were identifi ed for women between 
the ages of 14 and 70 years, independently of clothes size: height 
around 1.0 cm; chest 2.3 cm, waist 4.1 cm and hips 1.8 cm,  Fig. 2.5a . 
In men, the average increases on measurements gathered in the rep-
resentative size survey of 1980 were: height around 3.2 cm, chest 7.3 
cm, waist 4.4 cm and hips 3.6 cm,  Fig. 2.5b  (Anon.,  2009b ). It was also 
established that body forms change with age. An 80-year-old and a 
25-year-old may both wear size 38 and be of equal height, but their 
fi gures will differ.  

  2009–11     The UK government sponsored Shape GB – a major research 
project which measured children seven years after the previous 
national sizing survey had measured men and women. Shape GB is 
the fi rst large-scale project to use 3D-body scanners to measure chil-
dren across the country. The aim was to measure at least 6000 boys 
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 2.5      Comparing the last anthropometric measurements with those 

from the 1994s (for women), respectively from the 1980s (for men) 

(Anon.,  2009b ). (a) Women’s clothing size – distribution by population 

(size survey 1994 and 2009). (b) Men’s clothing size – distribution by 

population (size survey 1980 and 2009). Source: SizeGermany.  
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and girls aged between 4 and 17 during 2010. Shape GB is based on 
the fact that body shape may be as signifi cant as a size chart in the 
design and manufacture of children’s clothes (Anon.,  2011b ). The 
Shape GB project will provide a clearer guide to children’s height 
and shape and the manner in which sizes may need to be changed to 
create better fi tting clothes for specifi c age ranges.                 

  2.3     European and international sizing systems 

 Various systems are currently in use for designating the size of clothes. Most 
countries have defi ned standards according to their own criteria. The sizing 
systems which have developed in European countries differ considerably. 
Most are defi ned by height and the differences between chest, waist and hip 
girth. The size designation of clothes is generally based on height, defi ned as 
short, regular or tall. This is further defi ned by three anthropometric dimen-
sions: chest, waist, and hip girth, whilst the fi gure type may be slim, normal, 
or stout. 

 In the 1970s, the International Organisation for Standardisation (ISO) 
issued a series of standards representing the starting point and foundation 
for a common system of garment sizing and designation. The formulation 
of the ISO 3635 (ISO 3635,  1981 ) standard, and the standard ISO 8559 
(ISO 8559,  1989 ), and ISO 9407 (ISO 9407,  1991 ) foundations were built on 
a universal system of body measurements to meet the needs of the clothing 
and footwear industries. The Technical Committee ISO/TC 133 formulated 
a system of sizing and size designation and introduced nine further stan-
dards for size designation in addition to ISO 3635 and ISO 8559. These 
were:

   ISO 3636 Size designation of clothes – Men’s and boys’ outerwear • 
garments,  
  ISO 3637 Size designation of clothes – Women’s and girls’ outerwear • 
garments,  
  ISO 3638 Size designation of clothes – Infants’ garments,  • 
  ISO 4415 Size designation of clothes – Men’s and boys’ underwear, • 
nightwear and shirts,  
  ISO 4416 Size designation of clothes – Women’s and girls’ underwear, • 
nightwear and shirts,  
  ISO 4417 Size designation of clothes – Headwear,  • 
  ISO 4418 Size designation of clothes – Gloves,  • 
  ISO 5971 Size designation of clothes – Pantyhose,  • 
  ISO 7070 Size designation of clothes – Hosiery.    • 
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 The same committee also issued a Technical Report ISO/TR 10652  12   (ISO/
TR 10652,  1991 ) entitled  Standard sizing systems for clothes . This established 
a body-sizing system for use in compiling standard clothing sizes for infants, 
men, boys, women and girls. 

 New European tables of clothing sizes were presented in the same year 
and accepted by the clothing manufacturing associations of European 
countries, with the exception of France, Great Britain, Spain, and Finland 
(Rausch,  1991 ). The suggested sizing system included tables of body mea-
surements for garments for adults and children of both sexes as well as for 
infants’ garments. Each size was defi ned by up to seven body dimensions 
for both women and men, such as body height, chest and waist girth, arm 
length, crotch length and waist height. The same height indicates the same 
body (build) type in women’s and men’s sizing systems, but with differing 
chest girths. The height changed in sizing systems intended for girls, boys, 
children and infants. 

 In 1996, the European Committee for Standardisation (CEN) began 
preparations for a modern system of size designation, which resulted 
in the EN 13402 standard. This consists of four parts: EN 13402–1 (EN 
13402–1,  2001 ), relating to terminology, defi nitions, and body measure-
ment procedure, EN 13402–2 (EN 13402–2, 2002), relating to primary 
and secondary dimensions, EN 13402–3 (EN 13402–3,  2004 ), relating to 
measurements and intervals, and EN 13402–4, relating to the coding sys-
tem used. 

 The formulation of the fi rst three parts of the standard presents defi nitions 
and terminology. The procedures for taking body measurements defi ne pri-
mary and secondary dimensions and the intervals between sizes. The fourth 
part of the standard, which is still in preparation, will defi ne those methods 
of coding sizes which are necessary for computerised data processing, raw 
procurement, sales, changes, and product analysis. 

 Taking the standard EN 13402 as a basis, a system of size designation of 
clothes was developed, having four sources (ENCS,  2006 ):

   body measurements,  • 
  metric system,  • 
  data obtained by new anthropometric surveys of the European popula-• 
tion, to be completed by the end of the nineties,  

  12      This document is being issued in the type 2 Technical Report series of publications as a 
“prospective standard for provisional application” in the fi eld of sizing systems for clothes 
because there is an urgent need for guidance on how standards in this fi eld should be used 
to meet an identifi ed need.  
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  the introduction of pictograms, that is, representation of a human silhou-• 
ette, on which the characteristic sizes of products ready for sale should 
be presented,  Fig. 2.6  (EN 13402–3,  2004 ).       

 The size designation system is based on body measurements and not on 
those of a garment. Body measurements indicate garment sizes, whilst par-
ticular garment measurements are normally determined by designers and 
manufacturers who will make appropriate allowances to accommodate the 
type, position of wear, style, cut, and fashion elements of a garment. 

 The standard defi nes the difference between primary body dimensions 
(measured in centimetres, which should be used to designate the size of a 
garment for the consumer), and secondary dimensions (those body measure-
ments in centimetres – or in the case of pantyhose (tights), the body mass in 
kilograms – which may be additionally used to designate the size of a gar-
ment for the consumer). Primary and secondary dimensions are defi ned as 
shown in  Table 2.1  (EN 13402–2, 2002). These body measurements provide 
the basis for the designation of clothing sizes in garment types as diverse 
as jackets, skirts, underwear, corsetry and headwear. They are independent 
of the product. Only the body height is used as the primary dimension for 
infants and constitutes the basic size designation system.     

86–90

70–74

94–98

(a) (b)

98–102

86–90

174–178166–170

 2.6      An example of a pictogram used to designate (a) women’s and (b) 

men’s garments.  
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  2.4     ISO clothing sizing systems 

 In creating a sizing system, a population is fi rst divided into different body 
types based on dimensions such as height. The same height in women’s and 
men’s sizing systems defi nes the same body type, although with differing 
chest girths. When dealing with sizing systems for boys, girls, children and 
infants, the body height will change. 

  2.4.1     Women’s garment-sizing system 

 The standard sizing system for women is based on chest girth as a pri-
mary dimension and on body height varying from 156 to 188 cm, Table 2.2 
(EN 13402–3,  2004 ). The interval among individual sizing numbers is 4 or 
8 cm (156–160–164–168–172–176–180–184–188). These intervals are stan-
dardised, which enables individual countries or clothing manufacturers to 
decide which of the two intervals to use, the recommendation being to use 
an interval of 8 cm for general use, and 4 cm for trousers. For example:

   If a height of 168 cm is selected with an interval of 8 cm, the range  • 13   on 
the pictogram will be designated as 164–172.  
  If a height of 168 cm is selected with a 4 cm interval, the range on the • 
pictogram will be designated as 166–170,  Fig. 2.6 .    

 The standard sizing system for women is within a chest girth of 76–152 cm. 
The interval between individual sizes is 4 cm up to a chest girth of 104 cm, 
and 6 cm above 104 cm. The interval for waist girth is 4 cm between 60 and 
88 cm, and 6 cm for a waist measurement above 88 cm.  

  2.4.2     Men’s garment-sizing system 

 The standard sizing system for men is based on chest girth and body height 
as the primary dimensions with heights ranging from 156 to 200 cm (EN 
13402–3,  2004 ). The interval between individual sizes may be either 4 or 8 
cm (156–160–164–168–172–176–180–184–188–182–196–200). The standard 
enables a particular country or clothing manufacturer to select intervals of 
4 or 8 cm, whilst recommending the use of an 8-cm interval in general, and 
4 cm for trousers. 

 Body sizes for men’s garments begin with a chest girth of 84 cm, with an 
interval of 4 cm between individual sizes, up to a chest girth of 120 cm, and 

  13       Range  – is calculated by using one half plus or minus interval from the primary or second-
ary dimension measurement. If the interval is 1.5 cm or less, no range will be shown on the 
pictogram. All ranges on the pictogram will be rounded down to whole numbers. In case of 
weights, the range is shown in whole numbers.  
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an interval of 6 cm above a chest girth of 120 cm. Garment sizes end with a 
chest girth of 144 cm. The interval for other size types is 4 cm for waist girth 
up to 108 cm and an interval of 6 cm above 108 cm.  

  2.4.3     Garment-sizing systems for infants, girls and boys 

 This sizing system is based on body height as the primary dimension and not 
on age, as height differs greatly between countries, resulting in considerable 
variations in height within age groups. The standard recognises the differ-
ences between (EN 13402–3,  2004 ):

   body sizes for infants’ garments, starting with a body height of 44 cm • 
and ending with a height of 74 cm (the interval between individual body 
heights being 3 cm);  
  body sizes for girls’ and boys’ garments, starting with a body height of 80 • 
cm and ending with a height of 194 cm (the interval between individual 
body heights being 6 cm).      

  2.5     European designation of clothing sizes 

 The system for size designation  14   is based on requirements imposed by the 
standards EN 13402–1 (EN 13402–1,  2001 ), EN 13402–2 (EN 13402–2, 2002), 
and EN 13402–3 (EN 13402–3,  2004 ), and on the representation of individual 
characteristic measurements on a pictogram,  Fig. 2.7 . A pictogram is a sym-
bolic representation of a body silhouette, with the positions and values of 
selected dimensions noted. A standard pictogram is used to represent these 
values,  Fig. 2.7a . A modifi ed pictogram is used for some body measurements. 
This is a standard pictogram with the position of the chest indicated by two 
concave lines, showing the position of the control dimensions of the girth 
under the breasts (EN 13402–1,  2001 ).    

 The control dimensions shown on a pictogram depend upon the type 
of garment. There are two types of control dimensions defi ning garment 
size. These are the primary, or basic dimension, and one or more secondary 
dimensions. Chest girth is the more commonly used primary dimension in 
women’s and men’s garments, whilst for children it is body height. To stan-
dardise the presentation of body dimensions on a pictogram, all the mea-
surements relating to the girths of particular body parts are marked in a 
circle on the left side of the pictogram, whilst the measurements relating to 
the height or length of a body part are placed in a circle on the right side of 
the pictogram ( Fig. 2.8 ).    

  14       Size designation  – the offi cial method of body size labelling on a garment, either by picto-
gram or by indicating the appropriate control dimensions and their numerical values.  
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176

 2.8      An example of size designation of clothes.  

(a) (b)

 2.7      Example of a standard and modifi ed pictogram. (a) Standard 

pictogram and (b) modifi ed pictogram.  
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 An overall review of anthropometric surveys and measuring procedures 
is presented in the standard ISO 8559 (ISO 8559,  1989 ). This includes 26 
horizontal dimensions, relating to the girths of particular body parts, 27 ver-
tical dimensions, relating to body heights or the lengths of particular body 
parts, as well as two special measurements – body mass measured in kilo-
grams and shoulder slope in degrees. 

  2.5.1     The letter codes 

 The standard also defi nes letter codes (EN 13402–3,  2004 ; ENCS,  2006 ) for 
those garments that allow higher intervals between sizes, namely where 
the letter code includes two bust or chest sizes, that is, two intervals. These 
letter codes are based on girth (bust, chest) and on the average height or 
a specifi c choice of height. The standard does not defi ne these codes for 
children’s garments. A letter code consists of two numeric values as inter-
vals of chest girth. A list of letter codes relating to chest girth can be seen 
in  Table 2.3 .       

 Where there is a need for larger sizes, the type of garment size may be 
extended from XXS and/or from 3XL. Letter codes and appropriate body 
size dimensions for men’s and women’s garment are presented in  Table 2.4  
(EN 13402–3,  2004 ). Letter codes for women’s garments consist of the sum 
of the interval of two numeric bust girths. For men’s garments, the code is 
the sum of the interval of two numeric chest girths.      

  2.6     The JUS clothing sizing systems 

 Slovenia still uses a garment-sizing and designation system based on the 
requirements of the JUS  15   standard. It is based on body height and fi gure type 

 Table 2.3     A list of letter codes related to chest girth 

 Mark  Meaning  Chest girth G Ch /cm 

 Men  Women 

 XXS  Extra extra small  70–78  66–74 

 XS  Extra small  78–86  74–82 

 S  Small  86–94  82–90 

 M  Medium  94–102  90–98 

 L  Large  102–110  98–106 

 XL  Extra large  110–118  107–119 

 XXL  Extra extra large  118–129  119–131 

 3XL  Extra extra extra large  129–141  131–143 

  15       JUS  [ Ju(goslovanski) s(tandard) ] – former Yugoslav industrial standard.  
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or build. Articles of clothing are designated using a mark representing body 
height and fi gure type (JUS F.G0.001,  1979 ; JUS F.G0.002,  1979 ). The stan-
dard recognises fi ve types defi ned by height for males and females, as shown in 
 Table 2.5 . Each group is divided into three fi gure types: slim, normal and full.    

  2.6.1     Men’s garments 

 Size designation for men’s garments is based on a mark which represents 
the fi gure type, the chest girth, and body height. The standard recognises a 
slim fi gure (marked 7), a normal fi gure (no mark) and a full fi gure (marked 
0) (JUS F.G0.003,  1979 ). Body height is not designated by any special mark, 
but it is defi ned by the value of the chest girth (G Ch ), or its multiplier/divisor. 
Thus, an extremely short fi gure is designated as 1/8 G Ch , a short fi gure as 1/4 
G Ch , a medium fi gure as 1/2 G Ch , a tall fi gure as G Ch , and an extremely tall 
fi gure as 2 G Ch . 

 Garment size is designated as A–B, where the mark A is the fi gure type 
and B denotes chest girth and body height, for example, 7–52 is the mark 
for a man’s jacket, intended for a male of medium height and slim fi gure, 
with a chest girth of 104 cm. Garment sizes for beach-robes and pyjamas are 
designated with a mark which represents half the chest girth and the fi gure 
height, which may be short (mark 1), medium (no marks) or tall (mark 3), 
for example: 52–1, 52 or 52–3. 

 Men’s shirts carry a mark describing the neck girth in centimetres and the 
body height. For example: 37–1, 37 or 37–3. Garment size for men’s under-
pants carry a mark describing waist girth and body height, for example, 
90–1, 90 or 90–3, whilst the mark for short underpants is included in the 
waist girth.  

  2.6.2     Women’s garments 

 Size designation for women’s garments is also based on a mark rep-
resenting the fi gure type, chest girth, and body height. Chest girth is 

 Table 2.5     Figure types according to body height 

 Type of fi gure/height  Body height h/cm 

 Male  Female 

 Extremely short  156–160  152–156 

 Short  163–167  158–162 

 Medium  170–174  164–168 

 Tall  177–181  170–174 

 Extremely tall  184–188  176 and more 
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expressed by a so-called conventional number. This number represents 
a chest girth reduced by 12 cm for girths between 88 and 104 cm, and by 
14 cm for chest girth above 104 cm (JUS F.G0.004, 1979). The size desig-
nation mark uses the conventional number or its divisor/multiplier, and 
depends on body height. For extremely short fi gures it is expressed as 1/8 
of the conventional number, for short ones as 1/4, for medium as 1/2, for 
tall fi gures it is equal to the conventional number and for extremely tall 
it is double the value of the conventional number. The standard recogn-
ises three fi gure types; slim (marked 7), normal (no mark) and full fi gure 
(marked 0). 

 Women’s garment sizes are marked with A–B, where the mark 7–38, for 
example, indicates a garment for a woman of medium height, slim fi gure, 
and a chest girth of 88 cm, and a garment designated 7–48 is intended for 
a woman of medium height and a chest girth of 110 cm. Garment sizes for 
panties, corsets and girdles are designated with a mark representing waist 
girth in centimetres, that is 92. Bras and corsets with incorporated bras, have 
a mark representing breast size, the mark A standing for small and unde-
veloped, B medium, C strong and D heavy, as well as a mark denoting the 
under-breast girth, for example: A/80, C/80.  

  2.6.3     Boys’ garments 

 Garments for boys between the ages of 2 and 16 are designated by a mark 
which includes age and body height in centimetres. The garment size is 
expressed using the mark A/B, where A denotes age (from 3 to 16 years 
of age) and B is the body height in centimetres. Thus a garment for a boy 9 
years old and 132 cm in height, carries the mark 9/132 (JUS F.G0.005,  1979 ). 
Shirts display a mark which expresses the neck girth and underpants the 
waist girth.  

  2.6.4     Girls’ garments 

 Sizing for girls’ garments is designated in the same way as for boys. The des-
ignation mark consists of the age (from 2 to 16 years) and the body height 
in centimetres, whilst the size number of the garment is expressed with the 
mark A/B, that is, 12/146 (JUS F.G0.006,  1979 ).  

  2.6.5     Infants’ garments 

 For infants up to 1 year of age, the size designation is expressed by the length 
(for suckling infants) or body height, that is, 62 (JUS F.G0.007,  1979 ).   
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  2.7     Conclusions 

 Clothing quality is defi ned both through its aesthetic and functional prop-
erties and by the sense of well-being imparted by a suitable drape and fi t. 
The provision of garments to fi t a population is a critical issue for design-
ers and manufacturers of clothing. This is of equal importance, both during 
the engineering planning of new collections and in the introduction of new 
technologies for manufacturing by individual measurements to meet cus-
tomer requirements. This chapter presents an overview of sizing systems 
and designation systems which have been developed to provide a range of 
sizes to fi t a population. A sizing system may be as simple as one-fi ts-all or 
suffi ciently complex to provide individually custom-fi tted clothing.  
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 Key issues in developing 

a garment collection   

   DOI : 10.1533/9780857097835.53 

  Abstract : This chapter presents an overview of garment collection 
development. It begins with the general requirements of product 
development. Methods of garment collection development are then 
explained. These include the concept of a collection, quality targets, 
trademarks and their role, followed by collection development 
management and control. The chapter includes a case study on the design 
of protective clothing. Finally, the preparations required for successful 
participation at fashion trade fairs are explained. 

  Key words : new product, clothing, collection development, functional 
protective clothing, fashion trade fair. 

    3.1     Introduction 

 Collection development is an important stage of clothing manufacture. Good 
design is a key factor throughout the fashion industry and is essential in main-
taining the leading position Europe holds in global clothing manufacturing. 
In today’s market it is necessary to adapt quickly to global requirements as 
there are no predominant fashion trends which change from season to sea-
son. Fashion trends are now defi ned more by young people around the world 
than by seasonal collections produced by major fashion houses. The trend 
has clearly shifted towards increasing the number of collections. It is there-
fore only a matter of time before continuous collections will be created. The 
role of the fashion designer and his/her creativity therefore takes on a new 
signifi cance, since continuous change requires creative potential which can 
be quickly transformed into making clothing available on the high street. 

 G. Simmel ( 2000 ) wrote at the beginning of the twentieth century: ‘Fashion 
is nothing more than one of the specialised forms among numerous life forms 
through which we combine our wish to attain social equalisation and the 
wish to be individual and different’. His ideas were based on perceiving the 
attraction of fashion as lying in the contrast between its widespread nature 
and the speed with which it tends to change, and the breadth of its scope 
when contrasted with an emphasis on individual tastes and preferences. The 
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fashion industry must provide products which customers want. The role 
of garment marketing is important here. The word ‘marketing’ denotes an 
entire business philosophy which seeks to match a business’ resources and 
the design, manufacture, sales and advertising of its products with the needs 
of the market. It depends on empathy with the views of existing or potential 
customers. Fashion marketing is the application of this business philosophy, 
centred on the buyer or potential buyer of clothes, as well as on the products 
themselves, in order to realise long-term company goals, including return on 
investment (Vinkovi ć ,  1999 ). A schematic representation of this philosophy 
can be seen in  Fig. 3.1 .     

  3.2     New product development 

 The starting point of product development is determined by a company’s 
strategic direction, which is a component of overall company policy. Product 
development is defi ned as the design and engineering of products, service-
able for the target consumer, which are marketable, manufacturable, and 
profi table (Kunz,  1993 ; May-Plumlee and Little,  1998 ). The integrated efforts 
of a multifunctional unit within a business must be employed towards devel-
oping such a product and achieving these outcomes. 

 New product development is one of the most risky and critical strate-
gies in any competitive industry. A new product concept, as defi ned by M. 
Crawford and A. Di Benedetto ( 2003 ), is ‘a statement about anticipated 
product features (form or technology) that will yield selected benefi ts rela-
tive to other products or problem solutions already available’. According to 
P. Belliveau  et al . ( 2002 ), a new product is defi ned as either goods or services 
which are new to the fi rm marketing it. R. G. Cooper explains that a product 
is defi ned as new if it has been on the market for up to 5 years and includes 
extensions and major improvements (Cooper,  2001 ). 

 According to the literature (Kunz,  1993 ; May-Plumlee and Little,  1998 ; 
Cooper,  2001 ; Belliveau  et al .,  2002 ; Crawford and Benedetto,  2003 ; Choi 

Creativity

Idea

Idea = business
opportunity?

Customers confirm
whether the idea is

a business
opportunity as well

They are attractive;
create new values for
the buyer and user.

Opportunity

 3.1      Schematic representation of idea as a business opportunity.  
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 et al .,  2005 ; Kumar and Phrommathed,  2005 ), a new product may be classifi ed 
into several different categories. In simple terms, new products may be:

 •   New-to-the-world products. These are innovations. These new products 
are the fi rst of their kind and create an entirely new marque. This cate-
gory represents only 10% of all new products.  
 •  New category entries. These are new products or lines which are not clas-
sifi ed as new-to-the-world and take the company into a new category. 
A new category is an imitation of an existing product and provides an 
entry into new markets. Around 20% of all new products fi t into this cat-
egory (Cooper,  2001 ).  
  • Additions to product lines. This category contains items which are new 
to the company but which fi t within an existing product line. This is one 
of the larger new product categories, representing more than 25% of all 
new products.  
  • Product improvements. These are existing products which have been 
improved (practically, every product on the market today has been 
improved) and may be replacements of existing products. They provide 
enhanced performance or a greater perceived value over the old prod-
uct and make up 25% of all new products.  
  • Repositioning.     These are products targeted toward a new usage or 
application. The category accounts for around 7% of all new products.  
  • Cost reductions. These are designed to replace existing products at a 
lower cost.    

 Companies may implement several actions and strategies to effectively 
build and sustain competitiveness in the global textile and clothing industry. 
One strategy is to implement a key new product development function, as 
well as characterising the role of design in new product development. 

  3.2.1     Key new product development functions 

 Developing new products is a complex process. It consists of interdisciplin-
ary activity requiring contributions from most areas of the company (Ulrich 
and Eppinger,  2004 ; Choi  et al ., 2005):

   Marketing is relevant to all stages of the development process of a new • 
product, from planning, through screening and testing, to the launch.  
  The design function also plays a pivotal role in defi ning a physical form of • 
the product which will satisfy customers’ needs. Design function includes 
mechanical, electrical, software and industrial design, aesthetics, ergonom-
ics, and user interfaces (Ulrich and Eppinger,  2004 ). Industrial design has 
become a key factor in differentiating products from their competitors 
through the provision of a coherent identity or higher levels of perceived 
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value. Engineering design plays a critical role in the development of 
products in the manufacturing industry. It solves technical problems by 
the most effi cient use of available technologies and by integrating prod-
uct development with the requirements of effective production.  
  Manufacturing is responsible for the creation and operation of systems • 
for new products. Manufacturing capability may be a technical success 
factor and relates to the internal or external capacity of a company 
to manufacture higher quality products to meet customer demands 
(Crawford and Benedetto,  2003 ; Choi  et al ., 2005).  
  Finance is also a key function in the success of new product development.     • 

  3.2.2     The role of design in new product development 

 The role of design varies within the development process of a new product. 
The evolution of the role of design can be seen in Perks  et al . ( 2005 ), Bailetti 
and Litva ( 1995 ), McDermott ( 1992 ) and Menon and Veradarajan ( 1992 ) as 
follows:

   • Nineteenth century: Design as business oriented. During the 1800s design 
was integral within broader business and manufacturing techniques.  
  • 1920s–1950s: Design as a specialised form. During the 1920s, design grew 
in importance and was driven by customer affl uence and the demand for 
stylish, aesthetic products.  
  • 1960s–1970s: Design as profession. After the Second World War, 
design became a profession and was viewed as a vital part of economic 
reconstruction. This was refl ected in the development of professional 
associations such as the British Council for Industrial Design and the 
Japanese Industrial Designers Association.  
  • 1980s: Design as brand. During the ‘Designer Decade’ of the eighties, 
design was widely promoted by the media and business worlds. Brands 
were frequently associated with design and designer labels.  
  • 1990s: Design as a sub-process of new product development. Design 
was perceived as an expensive activity and was brought back in-house 
instead of using large multidisciplinary design consultancies. Design 
was no longer perceived as a separate, self-contained process. Research 
efforts focused on defi ning and specifying those distinct activities and 
skills associated with design which was conceptualised as one of many 
separated functions within the whole innovation process.  
  • Early 2000: Design as product development process leader. Harsh com-
petition has led to an increased emphasis on creativity and innovation 
as a crucial dimension in recent business strategy. As a result, it has been 
suggested that designers are now undertaking a leadership role in the 
product development process.    
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 H. Perks  et al . offer a taxonomy characterising three roles played by design 
in the development process of new products. In the fi rst role, design is 
explored as a functional specialism. The second role develops design as 
part of a multifunctional team, and the third presents it as a process leader 
(Perks  et al .,  2005 ). 

 Product design is increasingly recognised as an important source of 
 sustainable competitive advantage. C. H. Noble and M. Kumar ( 2010 ) have 
proposed a framework for the creation of design value in consumer prod-
ucts. Taking environmental effects into consideration, this research model 
( Fig. 3.2 ) outlines the progression from initial product design goals through 
the use of so-called design levers and environmental infl uences (global, 
local culture), to the developed product and fi nally, to behavioural and psy-
chological consumer responses. Their study had two major goals:     

   To identify the key dimensions of design and to develop an enriched • 
language for its understanding and study.  
  To integrate aspects of design within a broader model linking initial • 
design goals to the eventual psychological and behavioural responses 
from consumers.    

 This framework highlights important elements which go well beyond the 
usual issues of form and function. The resultant model refl ects specifi c 
 marketplace and organisational constraints which may help or impede the 
conversion of designer goals into design levers. 

 Design has become an important tool in the development of dominant 
brands with lasting advantages. From the viewpoint of the consumer, a 
 successful brand often offers a guarantee of quality and value, which in turn 
encourages consumer loyalty. At the international level, successful brands 
must appeal to consumers from a wide range of cultural, religious, language, 
and ethnic backgrounds.  

  3.2.3     Criteria for evaluating garments 

 Market research provides a means of understanding consumer purchasing 
decisions and anticipating consumer behaviour. During the product develop-
ment process, it focuses on identifying opportunities for product innovation 
and on understanding the evaluation criteria used by consumers in making 
a purchase decision. T. May-Plumlee and T. J. Little ( 2006 ), have integrated 
consumer purchasing decisions within a model of proactive product develop-
ment which integrates consumer requirements. They indicate which criteria 
are relevant for the wearers of clothing. Their ranked and categorised list of 
so-called ‘universal’ clothing evaluative criteria is presented in  Fig. 3.3  (May-
Plumlee and Little,  2006 ).    
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3.3      Ranked and categorised universal evaluative criteria.  

 To develop successful products, a clothing company must understand the 
evaluation criteria used by the consumer in making a purchase decision. 
Consumer-created products provide information about the clothing develop-
ment process and are also capable of signifi cantly infl uencing the manner in 
which clothing is developed. They require development based on individual 
components and features rather than as a complete style. The proliferation of 
fashion products in recent decades has given greater importance to the multi-
dimensional role of fashion. It plays a complex role for the consumer, revolving 
around the dynamics of status expression, identity and socio-cultural milieu.   

  3.3     Garment collection development 

 A collection is a range of garment styles (models) designed with respect to cur-
rent fashion trends and economic realities. Special attention should be paid to 
collection development when dealing with market requirements and strategic 
direction. Collection development is a complex process of planning, predict-
ing, designing, and manufacturing new products and/or servicing them within 
the market. It should be approached on two levels – engineering and business, 
or economic. The engineering approach includes realising the idea, design-
ing the product, and its detailed technology. The business approach includes 
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 3.4      Integration of engineering and business levels in product 

development.  

market research and marketing analyses ( Fig. 3.4 ). Research, development 
and engineering should be directed towards innovative processes in the man-
ufacture and design of new products. All the functions should be harmon-
ised, with each area contributing to a high-quality and successful product. The 
engineering approach must be based on gradual and planned development 
of a pre-planned concept and should lead to technical development through 
careful management and control. Technical development includes the making 
of patterns and production of the necessary technical documentation.     

  3.4     Developing the concept for a new collection 

 The concept of a collection is based on analysis of the market and the rela-
tionships within it, or on the knowledge of a selected segment of customers. 
It includes the following (Schroven,  1996 ):

   market and customer segmentation,  • 
  precise defi nition of target group,  • 
  competition analysis,  • 
  the concept of sales.    • 

 Market and customer segmentation is an important factor in producing a 
collection, there being no average customer and no two people who are 
exactly alike. In principle, the following segments are available,  Fig. 3.5  
(Leitl,  1997 ; Pevec,  1998 ).    
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 It is necessary to know which type of approach is most effective for a 
particular target group and to identify the needs, wishes, and expectations of 
a particular customer segment in order to match products and communica-
tion with these factors. The result is higher customer satisfaction, as well as 
the identifi cation of strategic opportunities.  Figure 3.6  shows the sources of 
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3.5      Segmentation of customers within the garment sector.  
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3.6      A review of sources for market segmentation.  
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market and customer segmentation. In order to segment a market, it is nec-
essary to make precise defi nitions of target groups from the points of view 
of the following groups (Schroven,  1996 ):     

   age,  • 
  income,  • 
  job and social position,  • 
  garment style and other peculiarities (non-standard sizes, sports • 
 garments, intelligent clothing).    

 Competition analysis should be conducted based on the categories described 
above. This includes:

   identifying possible competition,  • 
  analysing competitors’ collections,  • 
  analysing competitors’ prices,  • 
  evaluating the company’s own collection,  • 
  positioning the company’s own collection amongst its competition.    • 

 The sales concept should also be clearly defi ned and special attention paid 
to the following:

   peculiarities of the philosophy and rules within fashion markets when • 
compared with conventional selling/buying approaches,  
  collection with or without a company’s own trademark,  • 
  making a broad sketch of the collection,  • 
  determining a sales and procurement schedule,  • 
  selecting sales techniques (specialised stores, subsidiaries, catalogue • 
sales, e-sales),  
  selecting sales staff and/or sales representatives,  • 
  determining the size and scope of a collection.    • 

  3.4.1     Quality targets for a collection 

 The quality level defi nes the rank of the product within the total range of 
offers in the market. It is an important factor determining the market sector 
at which a collection will be aimed. Quality levels depend upon:

   fabric quality,  • 
  style and fi t,  • 
  fashion content,  • 
  precision of assembly,  • 
  range of sizes and number of pieces,  • 
  workmanship in all components.    • 

�� �� �� �� �� ��



 Key issues in developing a garment collection 63

© Woodhead Publishing Limited, 2013

 The various quality levels may be distinguished as follows ( Fig. 3.7 ) (Eberle 
et al .,  2002 ):     

• The discount level . This incorporates large quantities of limited styles. 
Fabric quality and workmanship are geared to low price levels, whilst the 
style and fi t are of comparatively lower importance.  

• The middle level . This has a fi xed price, a wide size range and a limited 
range of styles.  
   • The upper middle level . This uses good quality fabrics and provides an 
optimum fi t. This level of quality follows the latest fashions in style and 
colour.  
   • The high quality level . This is characterised by very high levels of work-
manship, exclusive designs and detailing, a limited size range, small series 
production and is fashionable.  
   • Designer quality . The characteristics include unique designer labels, 
small numbers of each style, the most exclusive and/or luxurious fabrics, 
fashion leader status and avant-garde designs.     

  3.4.2     Trademarks and their role 

 Apart from high quality, a necessary precondition for successful competi-
tion within the garment market is an acceptable trademark. This may be a 
name, an expression, a symbol, form, or combination of these. Its purpose 
is to make the products or services of a particular producer or group of 
producers recognisable, and to differentiate its products and services from 
those of its competitors (Kotler,  1996 ). 

 Trademarks identify the origin of a product. They protect customers 
from fake goods and manufacturer from competition (Kunz,  1993 ). The 
key in establishing a successful trademark is to combine effective market 
segmentation with understanding of the trademark’s identity on the part 
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3.7      Quality level.  
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of customers. The process of defi ning a trademark should be based on an 
appropriate trademark strategy. A schematic representation of the process 
for defi ning a trademark can be seen in  Fig. 3.8  (Pevec,  1998 ).    

 There are four known strategies in naming trademarks for the purpose of 
defi nition. These are (Kotler,  1996 ; Pevec,  1998 ):

    • Individual name for a particular product . The company does not there-
fore risk its reputation on the acceptance of a single market product. If 
the product or collection fails or proves to be of poor quality, it will have 
no serious consequence for the manufacturer’s reputation.  
   • Common company name for all the products . This offers the obvious 
advantage of reducing development costs.  
   • Separate common names for all the products . Different names are given 
to individual collections and denote different concepts.  

Trademark strategy

Creative process of finding
a name

Selection – final selection

Possibility to use protection

Checking relevance

Yes

No

Designing
permanent graphic

solutions

Data bank

Matching the strategy and
customer preferences

Selection of the name

No

 3.8      The process of defi ning a trademark.  
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• Protected company trademark . The names of individual trademarks con-
tain the protected trademark of the company.    

 Names, symbols, protected brands and trademarks are of great importance 
for business success and their selection carries considerable responsibil-
ity. The term ‘trademark’ is often replaced by ‘market brand’. This is not 
a logo or complete image but rather a conglomerate of impressions, tests 
and ideas experienced by the user in making a connection with the trade-
mark. It has been suggested that trademarks should be subject to con-
tinuous development and should follow the expectations of the targeted 
customer if they are to become a logical part of an integrated system of 
market communication. Experience has shown that new trademarks need 
a period between 5 and 15 years for new market incubation. The duration 
depends on the amount of money invested in a marketing campaign and 
on the competition, the level of market development, the geographical 
region and the cultural milieu of customers. The lifetime of a trademark, 
considered in terms of costs and benefi ts, may be seen in  Fig. 3.9  (Pevec, 
 1998 ).    

 As each trademark is associated with at least one category of products or 
services which have their own rules, it is necessary to be completely famil-
iar with the categories. Trademarks are placed within a particular market 
segment and necessitate careful matching. The life-cycle of a product, from 
its introduction, through growth and maturity to abandonment is consid-
ered in terms of sales and profi t as shown in  Fig. 3.10 . Trademarks and 
brands also offer a clearly defi ned line between products with precisely 
expressed details which contribute to the realisation of a particular life-
style, and products which do not.    
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3.9      Lifetime of a trademark.  
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 As a product’s life-cycle is limited and depends on factors such as the level 
of investment in the marketing campaign, the condition of the  competition, 
market development, geographical area, culture, clothing-style and life-
style, it is necessary to be particularly attentive to product development. 
The development of a new product should be started during the growth 
phase of an existing product, so that its growth will coincide with the matu-
rity of its predecessor,  Fig. 3.11  (Kornhauser,  2002 ). If a new product is to 
succeed, it must offer value for the customer. This value can be functional or 
 emotional–prestigious, or a combination of both (Semoli č ,  1998 ). The func-
tional value describes the practical performance. The emotional–prestige 
value consists of all the other attributes which make the product attractive 
to a particular segment of customers or users.      
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 3.10      Product life-cycle from introduction to the market, to abandonment.  
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 3.11      Product life-cycle.  
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  3.5     Collection development management 
and control 

 The development management and control of a collection includes general 
collection planning and scheduling, as well as the necessary coordination. 
Collection planning within a company involves the following (Schroven, 
 1996 ):

   arrangement of the collection into product groups,  • 
  decisions regarding outsourcing or in-house manufacture of the • 
collection,  
  determination of quality segments,  • 
  determination of the number of pattern and colour quality classes,  • 
  determining the number of price groups according to the needs of the • 
market.    

 A comprehensive study of the market and the previous season’s analyses, 
as well as knowledge of the competition, is used to build a matrix of predic-
tions for the collection. This requires particular attention to the number of 
models planned by the manufacturing and pricing groups. To provide the 
necessary value for the customer/user, the product must meet their required 
functions. An example of a prediction matrix for blouse models is shown in 
 Table 3.1 , whilst  Table 3.2  offers a matrix for the whole collection.       

 Table 3.1     A matrix of collection prediction for the models of blouses 

 Collection  Number 

of items 

predicted 

 Models  Total 

number of 

models  1st price 

group 

 2nd price 

group 

 3rd price 

group 

 4th price 

group 

 Tara  3.400  5  6  4  3  18 

 Nella  2.500  3  2  3  4  12 

  Total    5.900    8    8    7    7    30  

 Table 3.2     Matrix of collection prediction 

 Collection  Number 

of items 

predicted 

 Models  Total 

number of 

models  Jackets  Skirts  Blouses  Trousers 

 Tara  22.300  8  15  18  17  58 

 Nella  12.500  6  12  12  14  44 

  Total    34.800    14    27    30    31    102  
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  3.5.1     Collection scheduling 

 The scheduling of a collection and the planning of its development consists 
of (Schroven,  1996 ) the following:

  (a)      determination of general terms and dates, links with particular trade 
exhibition presentations, such as Premiere Vision, Interstoff, Igedo, 
etc.,  

  (b)     determination of date for submission of the collection,  
  (c)     weekly schedule of collection development e.g. for: 

   ordering fabric and accessory samples,  • 
  fi nalising sketches,  • 
  procuring fabric samples,  • 
  manufacturing cutting patterns,  • 
  fi nal manufacture of prototypes and models,  • 
  confi rmation of collection,  • 
  starting assembly-line production.       • 

  3.5.2     Collection development coordination 

 Coordination of the garment collection development involves:

  (a)      coordinating and creating time schedules,  
  (b)     planning and scheduling weekly production capacities,  
  (c)     monitoring and fulfi lling scheduled items, such as: 

   coordinating the manufacture of cutting patterns and the procure-• 
ment of fabric samples  
  planning steps to be taken in case of falling behind the schedule  • 
  booking additional or supplementary production capacities  • 
  monitoring precision in meeting the schedule    • 

  (d)     issuing weekly reports on development of the collection to company 
management,  

  (e)     producing statistics (systematically collected numerical data) on collec-
tion development costs,  

  (f)     checking that formal quality requirements are fulfi lled, for example, 
sketch information and quality guidelines.      

  3.6     Design and manufacturing requirements 
for a collection 

 The technical development of a collection has its starting point in design, 
which plays an important role in development and management. It includes 
design requirements, manufacture of cutting patterns, and work preparation 

�� �� �� �� �� ��



 Key issues in developing a garment collection 69

© Woodhead Publishing Limited, 2013

(Schroven,  1996 ). In designing a product, the functional and aesthetic ele-
ments must be considered as well as the available technology, the target mar-
ket and the optimisation of product costs with the objective of increasing 
sales and profi ts. The process of producing a collection consists of a number 
of phases and steps. These include:

   defi ning the basic elements, such as collection size, schedule and basic cuts,  • 
  creating the collection, and transferring the data from the models to • 
a computer where simulations are made using different colours and 
patterns,  
  designing model cutting patterns,  • 
  making block patterns,  • 
  selecting equipment for use during manufacture,  • 
  establishing the exact time of manufacturing.    • 

 The effi ciency of collection technical development depends on many factors, 
such as the quality of the idea, manufacturing quality and the detailed engi-
neering. An important role is played by contemporary computer-aided sys-
tems: computed-aided design (CAD), computer-aided manufacture (CAM), 
computer-aided quality assurance (CAQA), product data management 
systems (PDM) and product planning and scheduling (PPS), all of which 
increase fl exibility in the technical development of a collection,  Fig. 3.12 .    

  3.6.1     Design requirements 

 Design requirements during the product development process are infl u-
enced by the garment design. This may be defi ned as a unique combination 
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3.12      Computer-aided collection technical development.  
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of variables (silhouette, construction, fabric colour, structure, and texture) 
within a given class of product or style which distinguish it from other items 
in the same class (Sproles,  1979 ; MacGillivray,  2003 ). Product development 
should be organised systematically and with continuity. The work pro-
gramme must be defi ned in detail and include all the information directly or 
indirectly involved in realising the product or collection. The following tasks 
are of particular signifi cance:

   basic defi nition of any design problem,  • 
  problem specifi cation,  • 
  design concept (the general character and particular style, and guidelines • 
for the themes), having attention to all components including: clothing 
function, structural and functional complexities of the garments, types 
and structures of materials and the manufacturing technology used,  
  basic determination of fabric concepts: trend themes, fabric qualities, • 
basic and fashion colours,  
  stylistic details  • 1  : the characteristics of these details may determine 
whether or not a style is considered acceptable by customers.    

 Design requirements involve:

   (a)     assessing and preparing adequate forms (manually or by a PDM sys-
tem) for: 

   model sketch  • 
  model description  • 
  list of material  • 
  quality guidelines    • 

  (b)     preparing precise data for cutting,  
  (c)     timely ordering of fabric samples and accessories in accordance with 

the predetermined schedule,  
  (d)     monitoring procurement schedule and informing the coordinator,  
  (e)     employing design systems,  
  (f)     working with silhouettes and lists when performing operations.    

 Essential conditions for the successful technological realisation of product 
development and the quality of collections associated with it necessitate 
precise data regarding the following:

   technical sketches made for the models of garment pieces,  • 
  production instructions for processing,  • 
  a predetermined quality of manufacture,  • 
  meeting production dates.     • 

    1      Stylistic details  – the term may be used to refer to elements of clothing such as 
lapels, necklines, pockets, belts, buttons, and other ornamentation, such as frills.  
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  3.6.2     Pattern construction 

 Preliminary design sketches are made and assembled using selected materi-
als and indications of fashion themes to create a storyboard. These ideas are 
discussed at a collection appraisal meeting in which the scope, balance and 
image of the collection is decided. Samples of each chosen style are con-
structed as garment prototypes. Cutting pattern construction connects design 
to production by producing patterns for all the components, such as cloth, 
lining and fusible interlining. This is a highly skilled technique which calls 
for technical ability, sensitivity to the interpretation of design and a practical 
understanding of the process technology. It includes the following activities:

   making a modular system of silhouettes and their matching design prior • 
to the season,  
  designing adequate garment cuts and shapes by following the silhouettes,  • 
  making a model description,  • 
  preparing a list of materials,  • 
  preparing a quality guideline,  • 
  working from a list of necessary technological operations and develop-• 
ing new operations or processes where necessary.     

  3.6.3     Work planning 

 Important actions during work planning include:

   quick calculations or evaluations, based on the sketches,  • 
  producing a list of manufacturing operations,  • 
  producing a list of seams,  • 
  real-time calculations for prototypes (material and work requirements),  • 
  checking the list of material, based on the prototypes and calculating the • 
materials used for assembly-line or mass production,  
  timely preparations for assembly-line production.    • 

 Properly prepared collection development also optimises production in the 
following areas:

   material disposition,  • 
  quality,  • 
  realisation of the planning schedule,  • 
  defi ning consumption of material.    • 

 Optimising material depends on a number of factors, including:

   optimising block patterns and slopers, where more fl exible rules are • 
applied (depending upon the model made and the quality level required) 
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and making changes in construction provided these contribute to a lower 
consumption of material and do not affect the appearance of the model,  
  proper determination of the necessary material, including all losses • 
 during cutting,  
  timely data acquisition regarding minimum fabric quality properties, • 
damage, deviations in width, colours or shades,  
  planning fabric cutting, bearing in mind permitted allowances and • 
optimising the cutting process.    

 Based on the quantities required for one item, data from the list of materials 
are used to calculate the total requirements.   

  3.7     Design aspects of functional protective 
clothing: a case study 

 Over the past few decades, extensive work has been conducted by a num-
ber of institutes with the aim of developing effi cient protective clothing for 
industrial workers and the armed forces. The primary requirement for both 
civil and defence applications is the provision of protection from various 
hazards and climatic conditions. The increasing need to provide protection 
for human life against potentially harmful chemicals, military chemical and 
biological agents, or during situations of natural catastrophe and/or urban 
terrorism, have brought about a change of approach in designing and evalu-
ating the individual components of a clothing system. 

 A clothing system is designed by keeping in mind the requirements and 
expectations of the end-users and must be based on two critical questions:

   What is (for example) the chemical, biological, or radiological challenge?  • 
  What is the work scenario to which it is applied?    • 

 Several questions must be answered in relation to the conditions of use 
and the work environment in order to design the appropriate development 
methodology and technology for protective clothing and/or clothing systems. 
These must meet the requirements of the Personal Protective Equipment 
Directive (Directive 89/686/EEC) and the European and International 
standards (protection against dangerous substances and infective agents 
as follows: EN 340: 2003 , EN 14126:  2003 , ISO 6529: 2001 ; ISO 13994: 2005 , 
ISO 6530: 2005 , EN 14325: 2004 , ISO 22608: 2004 ; for protection against phys-
ical injury: EN ISO 13997: 1999 , EN ISO 13998: 2003 , EN 530: 1994 . For pro-
tection against thermal hazards: EN IEC 61482–1–2: 2007 . For protection 
against heat and/or fi re: ISO 14116: 2008 , EN ISO 11612: 2009 . For protection 
against radioactive hazards: ISO EN 1073–1: 1998 , Hyams  et al .,  2002 . For 
protection against cold and rain: EN 342: 2004 , EN 343: 2003 , etc.). 
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 Protection from chemicals is achieved by blocking penetration and per-
meation through the fabric (ISO 6529: 2001 ; ISO 13994: 2005 ; ISO 6530: 2005 ; 
EN 14325: 2004 ; ISO 22608: 2004 ; Gopalakrishnam,  2011 ). Although this is an 
effective method, total blockage of penetration and permeation also affects 
transport of the heat and moisture generated by the wearer and may result 
in heat stress. This illustrates the complexity of designing protective cloth-
ing, both from the point of view of protection/comfort and of functionality. 

  3.7.1     Design requirements for protective clothing 

 Designing protective clothing as an integral part of personal protective 
equipment (PPE) is an extremely complex task. Protective clothing must 
enable the wearer to perform risk-related activities whilst providing the 
highest possible level of protection. It must be designed and manufactured 
so as to facilitate the user’s movements whilst remaining in position dur-
ing the period of use, bearing in mind ambient factors and the movements 
and postures required of the user (Directive 89/686/EEC, EN 340: 2003 ). All 
appropriate means, such as adequate adjustment and attachment systems 
and the provision of an adequate size range, must be employed to optimise 
PPE to user morphology. 

 Contemporary engineering approaches in the area of protective clothing 
development offer the opportunity to incorporate so-called intelligent com-
ponents. Radical innovations in communication and information technology 
have contributed to changes in the design and development of protective cloth-
ing and are used to enhance their functionality by monitoring and evaluating 
specifi c hazards encountered by the user. Functional protective clothing with 
intelligent characteristics is the subject of interdisciplinary research. It neces-
sitates the integration of protection research, material and biological science, 
clothing engineering, and comfort and functionality, whilst taking into account 
environmental concerns and communication as illustrated in  Fig. 3.13 .     

  3.7.2     Engineering requirements in designing 
protective clothing 

 The successful development of personal protection systems and functional 
protective clothing is only possible in the content of a multidisciplinary 
research team. The development process for functional protective cloth-
ing generally follows that of any new product development. According to 
Directive 89/686/EEC and the relevant standards, protective clothing must 
provide adequate technical functionality with intelligent characteristics, 
as well as the necessary level of comfort and protection against all risks 
encountered. 
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 Comfort includes physiological, psychological, mechanical and ergo-
nomic aspects. Attention must be focused on the understanding of ergo-
nomic issues, heat stress implications and the relationship between the 
task and the clothing used. The degree of comfort during wear is defi ned 
by the thermo-physiological properties (EN 31092: 1993 ; ISO 11092: 1993 ) 
of the built-in fabrics and fabric layers, as well as by the specifi c degree 
of mechanical and ergonomic comfort. These last two factors depend upon 
the mechanical parameters of the fabric used, adequate design, and opti-
mal garment construction (ISO 8559: 1989 ; Ger š ak,  2001 ; EN 13921: 2007 ; 
Ger š ak and Mar č i č ,  2008 ). Improved fi t and comfort are necessary to help 
in ensuring appropriate use at all times. The clothing must be ergonomically 
designed in accordance with the dynamic anthropometric conditions of use, 
whilst comfort and a high degree of freedom of movement are necessary. 
The clothing should be designed to accommodate all possible conditions 
of usage, for example, carrying tools, breathing devices, sensor and actuator 
systems, etc. 

 Meeting these requirements during the development of personal protec-
tion systems should result in optimal protective clothing. The selected process 
must be clearly defi ned. A successful design should include the following steps 
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 3.13      Multidisciplinary approach to functional protective clothing.  
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in order to identify basic requirements of user needs and the development of 
a product which meets those needs (Ger š ak and Mar č i č ,  2012 ):

   (a)     problem recognition  
  (b)     problem defi nition  
  (c)     objective set-up: 

   defi ning the level of protection  • 
  defi ning additional functions – intelligent character of protective • 
clothing    

  (d)     development of idea/technical solution: 
   choice and acceptability of materials when developing protective • 
clothing  
  defi ning a method for assessing chemical and/or biological resis-• 
tance, decontamination  
  defi ning the physical and mechanical properties and special require-• 
ments of the protective materials  
  defi ning thermo-physiological requirements for the protective • 
materials  
  defi ning health, safety and comfort requirements  • 
  defi ning the components, such as sensors, actuators and processing • 
unit (data processing) storage, transmission and communication 
functions which will be integrated into the protective clothing    

  (e)     clothing-selection guidelines, including: 
   design specifi cations  • 
  prototype construction  • 
  design refi nement  • 
  prototype development    • 

  (f)     evaluation/modifi cation/selection of the prototype  
  (g)     checking the ergonomic features of protective functional clothing: 

   wear test/industrial evaluation    • 
  (h)     evaluation of the solution and its implementation  
  (i)     certifi cation procedures according to Directive 89/686/EEC.    

 In order to select appropriate materials and styles for the garments, questions 
concerning the nature of the protection required (chemical or biological) and 
the operating scenario must be addressed. 

 Protective materials must provide primary protective properties, such as 
puncture resistance, fl ame retardancy, chemical, biological and nuclear resis-
tance, and any required combination of these properties. In addition to the 
development of new materials, the focus has shifted to those factors which 
affect the end-user. A new generation of lightweight chemical and biologi-
cal protective materials has been produced which is based on selective per-
meable membrane technology. This permits the cell membrane to control 
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the passage of certain molecules. These novel materials provide protection 
against highly toxic compounds, including offensive chemical and biological 
agents (Boeniger,  2002 ; Ashok Kumar and Senthil Kumar,  2004 ; Butcher, 
 2008 ; Obensdorf,  2009 ). It is important to note that no single material pro-
tects against all chemicals and that no material is totally impermeable. The 
selection of clothing material which will offer the best protection against a 
particular chemical must be based on its performance upon contact with the 
chemical (Gopalakrishnam, 2001; Boeniger,  2002 ). 

 Although the dimensions and weight of technological and electronic 
components are being reduced, they remain relatively stiff and solid. L. E. 
Dunne (Dunne  et al .,  2005 ) proposes the careful distribution of these solid 
elements over a body’s surface to reduce their perceptibility and discom-
fort. F. Gemperle  et al . ( 1998 ) addresses this issue by determining optimal 
shapes for wearable technology. 

 The complex requirements of material characterisation, design qual-
ity and standards in protective clothing must be met to ensure the highest 
degree of effi ciency during use. Following accepted standards is a key factor 
in designing a garment that will meet the needs of its end-user. The stan-
dards deal with:

   requirements concerning the material properties and characteristics of • 
the fi nished garment in relation to its intended usage and all the condi-
tions which might be encountered in the case of an accident,  
  appropriate methods for testing and evaluating the protective properties,  • 
  procedures for marking the individual fi elds of a protective garment, • 
garment size-systems, CE  2   marking, etc.    

 The overall strategy for the design, development and implementation of 
functional protective clothing is shown in  Fig. 3.14  (Ger š ak and Mar č i č , 
 2012 ). This design concept focuses on product development issues through 
objective characterisation of the materials. These concern verifi ed techni-
cal specifi cations and the development of new methods and techniques for 
the manufacture of multifunctional protective clothing. They include the 
integration of health and safety requirements, physiology and comfort, as 
well as functionality. The intelligent character of functional protective cloth-
ing is based on intersectional health and safety requirements, comfort and 

  2     The letters ‘ CE ’ are the abbreviation of French phrase ‘ C onformit é   E urop é ene’ 
which literally means ‘European Conformity’. The term initially used was ‘EC 
Mark’ and it was offi cially replaced by ‘CE Marking’ in the Directive 93/68/
EEC in 1993 (Council Directive 93/68/EEC). The CE Marking on a product is a 
manufacturer’s declaration that the product complies with the essential require-
ments of the relevant European health, safety and environmental protection 
legislation.  
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functionality, and focuses on the monitoring and evaluation of potential 
hazards which may be encountered by the user.    

 The degree of technological integration within a functional protective 
clothing system depends on the type of intelligent character and its func-
tions. All contemporary protective clothing requires additional equip-
ment for measuring and processing. The complex design concept for the 
multidisciplinary development of functional protective clothing according 
to Directive 89/686/EEC, is concerned with the integration of health and 
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safety requirements, physiology, ergonomics, developments in the method-
ology and technology of protective clothing and the appropriate standards 
and other verifi ed technical specifi cations. These are illustrated by the fl ow-
chart in  Fig. 3.15 .      
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clothing, according to the Directive 89/686/EEC.  
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  3.8     Fashion trade fairs and garment collections 

 Quality and effi ciency in the presentation of a collection at fashion trade fairs 
and shows are key factors for the successful development of a collection and 
for its future position in the market. Participation in trade fairs is an impor-
tant business decision as it provides a powerful marketing tool and requires 
a high degree of expertise in preparation and realisation. This involves the 
following steps (Kirchgeorg  et al .,  2003 ; CCTC,  2008 ; Cvitanovi ć ,  2009 ):

   selection of the trade exhibition,  • 
  defi ning the goals of the presentation,  • 
  planning promotional activities,  • 
  planning the overall costs,  • 
  instruction and preparation of staff,  • 
  evaluating the success of the presentation.    • 

  3.8.1     Selecting a trade fair 

 When selecting the appropriate trade fair for the presentation of a collec-
tion, the location, type and purpose of the exhibition should be considered. 
Decisions must be taken as to whether the product will be presented at a 
domestic or international fair and if it is to be targeted toward end-users, or 
on commercial partners where the primary purpose is meeting and discuss-
ing business. Selecting the type of fair defi nes the future business strategy, as 
does selecting the models and staff to prepare and realise the presentation. 
An accurate defi nition of the target group is essential for the presentation. 
A company must have a clear vision of how it will present its products at 
a particular exhibition, what its objectives are, which group of customers 
is to be contacted in order to realise sales, etc. A fashion trade exhibition 
presentation should be carefully planned and it is important that the staff 
team is competent to perform all required tasks, both during preparation 
and presentation and when offering information about the company and/or 
product to potential customers and business partners.  

  3.8.2     Defi ning the goals of trade fair participation 

 When the trade fair at which the company wishes to present its assortment 
or collection has been selected, it is necessary to defi ne the presentation 
goals. These can be:

   collecting necessary information for a particular market,  • 
  monitoring the competition,  • 
  making new business contacts,  • 

�� �� �� �� �� ��



80 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

  presenting new products,  • 
  nourishing business relationships and contacts,  • 
  completing important business deals,  • 
  promoting the company.    • 

 The goals of a trade fair participation may be defi ned by the so-called 
SMART model (CCTC,  2008 ; Cvitanovi ć ,  2009 ):

    S (pecifi c): an effi cient presentation is possible only with a clearly defi ned 
goal and area of activity.  

   M (easurable): higher value can be attained only by that which can be 
precisely measured.  

   A (chievable): can be performed under reasonable conditions.  
   R (ealistic): in accordance with real situations.  
   T (ime-bounded): well-defi ned time frame based on a schedule.    

 Special attention should be paid to recording data from the presentation so 
that it can be evaluated numerically by visitors to the stand, making busi-
ness contacts, newly-signed deals, etc.  

  3.8.3     Planning promotional activities 

 Once a trade fair has been selected and the goals defi ned, it is necessary 
to plan the promotional activities. There is a so-called golden rule which 
states that ‘everything that can successfully represent the company should 
be at the exhibition’ (CCTC,  2008 ). One of the most important elements 
representing the basis of the company’s image and communication, is 
its Corporate Identity (CI). This encompasses Corporate Design (CD), 
Corporate Communication (CC) and Corporate Behaviour (CB). 

 The type of presentation selected will infl uence the planning of promo-
tional activities. These may be as follows:

   penetrating the market (activating former customers, attentiveness to • 
customers and business relationships),  
  product development (the emphasis being on the sales of new collec-• 
tions to existing customers, therefore the presentation should be centred 
on the collection),  
  product development and the opening of new markets (the emphasis • 
being on the creation of new contacts and communications. The stand 
should be of open design and attractive to potential customers),  
  broadening the scope (the presentation should be aimed at both impart-• 
ing information and advertising the new products and the brand or 
trademark).    
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 During the fair, particular attention should be paid to the advertising cam-
paign, participation in fashion shows, public relations, and personal contacts, 
that is, to marketing the event. Effectively designed advertising material 
such as catalogues, prospectuses, compact discs, price lists, reference lists 
and business cards is also necessary. Particular attention should be paid to 
the selection of media and the preparation of an accurate time schedule for 
advertising. The model AIDAS ( A (ttention)  I (nterest),  D (esire),  A (ction), 
 S (atisfaction)) (Geml and Lauer,  2008 ) may be used for this purpose.  

  3.8.4     Planning the overall cost 

 Cost should be planned on the basis of the presentation goals, the type and 
aims of the exhibition itself and the model of presentation employed. These 
factors form a basis on which a plan of the overall presentation costs is made. 
Investigations have shown that the overall costs of a presentation made at a 
domestic exhibition may be calculated by taking the price of the basic exhi-
bition space multiplied by a factor of three to fi ve, depending upon size. The 
multiplier for trade exhibitions abroad is a factor of between four and eight 
(CCTC,  2008 ; Cvitanovi ć , 2008).  

  3.8.5     Preparation of staff for trade fair presentations 

 Staff preparation for a trade exhibition presentation is important. Even 
the best arranged stand will not meet the goals if the display is not com-
prehensive and of high quality. The team in charge of the preparation and 
organisation of the presentation, should be equipped to answer the follow-
ing questions:

   What are the goals of the exhibition?  • 
  What are the company’s key comparative advantages and where does its • 
strength come from?  
  Who are the main competitors?  • 
  What image of the company and its products should be presented to the • 
market?    

 If they are to be effi cient, the team must be aware of their responsibilities 
and tasks (i.e., who is in charge of the visitors, who is in charge of distrib-
uting information material, etc.). It is recommended that staff wear name 
badges and an identifi able form of dress which contribute to effi ciency and 
to their professional image. Data should be collected throughout the exhi-
bition. This involves reporting on contacts with visitors, monitoring the 
activities of the competition and making both written and visual (fi lm and 
photographic) records.  
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  3.8.6     Evaluating the results of trade fairs 

 In evaluating the success of a presentation, it is necessary to assess com-
petitors’ suppliers and offerings (both collections and individual products). 
Analysis of recordings of suggestions and opinions from visitors can be used 
in planning future presentations. In order to evaluate and assess whether the 
expected goals of the presentation were achieved, the exhibition should be 
tested whilst in progress and upon its completion. Effi ciency testing whilst in 
progress involves the following:

   analysis of visitors’ interests in the products as a simple instrument of • 
control,  
  analysis of overall number of visits to the stand and degree of interest in • 
individual products,  
  collection of visitor data regarding specifi c information on their compa-• 
nies, reasons for visits, etc.,  
  analysis of more complex and individual questions asked by visitors. • 
These should be sorted into those which can be answered orally and 
those which require written responses.    

 A costs coeffi cient per visitor is used to evaluate the success of an exhibition 
presentation, where the number of the visitors at the stand is compared with 
the overall costs (Cvitanovi ć ,  2009 ):

   
k

S
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=
N

,

  
  [3.1]

   

 where:

   
S S fsk rp i

    [3.2]   

 and:
   k ob : costs coeffi cient per visitor,  
  S sk : overall exhibition presentation costs,  
  S rp : the cost of the basic stand space,  
  f: factor,  
  N ob : number of visitors.    

 Information on the overall cost per single visitor is obtained in this way. 
The data is then compared with the direct retail and advertising costs. 
Although a company’s image and position in the market is diffi cult to 
quantify, the success of an exhibition presentation is important, both 
for its image and for the strengthening of its position in the market. 
Carefully planned participation in national and international trade fairs 
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offers exhibitors the opportunity to present a special package as a unique 
offer. 

 Trade exhibitions are the only occasions which offer direct communication 
with interested partners. They also provide opportunities for the effi cient 
presentation of new products or collections, the distribution of information 
about a company, the collection of useful information and approaches to 
new ideas, the exchange of experiences, the establishing of direct contacts, 
meeting existing customers and becoming acquainted with potential new 
customers. An overall evaluation may also provide some information about 
the position of the company in relation to its competitors.   

  3.9     Conclusions 

 The clothing industry has undergone considerable change in recent years as 
globalisation and communication stimulate competition. The market share 
gained by a product will be dependent upon the quality which determines 
the price customers are willing to pay for it. A product which sells well and 
makes a profi t refl ects a successful development process and presentation. 
The decisive steps in this process are the development of a consumer- and 
market-friendly strategy, the identifi cation of consumer needs, the defi nition 
of a collection according to quality targets, trademarks, knowledge of suc-
cessful product development and a correct reading of market conditions.  
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 Planning and organisation of 

clothing production   

   DOI : 10.1533/9780857097835.87 

  Abstract : This chapter fi rst discusses the key terms and roles in clothing 
production planning and organisation. Clothing-design analysis and 
activity planning are then explained. The chapter then discusses quality 
requirements during manufacture, and includes a case study of the quality 
requirements for a fi nished article of clothing. 

  Key words : production planning, organisation, clothing design, list of 
materials required, manufacture quality requirements. 

    4.1     Introduction 

 Clothing production planning is one of the most important prerequisites 
for the effi cient fl ow of a clothing-manufacturing process with regard to 
acceptable quality. Its purpose is to investigate in detail, before the manu-
facture of a new garment, the requirements of the product, its materials of 
construction and the manufacturing processes required to produce the fi nal 
product. Planning aims at recognising in advance all factors that infl uence 
the manufacturing process in question. The requirements for manufacturing 
and assembling the product should be defi ned and studied in detail, the time 
schedule determined, and appropriate controls established. The transforma-
tion of the raw material into the fi nal product must be accomplished quickly, 
easily, economically and effi ciently, and the resulting product must be of 
acceptable quality and desirable to the end user, the customer. 

 Production systematics plays an important role, being focused primarily 
on the organisational integration of manufacturing processes. Production 
systematics involves all the technical and organisational tasks that occur 
during product development, so that end-products are market oriented. The 
role of production planning (following a decision as to ‘what’ to produce, 
‘how’ to produce it, and with ‘what’ tools and equipment) is to adapt the 
manufacturing process to the available means of production, and shape it so 
as to ensure optimal production regarding time, costs and quality. Effective 
production management ensures optimal material fl ow during the manu-
facturing process, continuity of the process as regards the workforce and 
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workplace, and as short a manufacturing cycle as possible (Ger š ak  et al. , 
 1994 ), whilst production scheduling ensures those planned activities are car-
ried out within the time required (Eversheim,  1989 ). The necessary activities 
have to be planned and allocated, and a chain of responsibility established, 
in order for this to be achieved. 

 Clothing-manufacturing processes are labour intensive, involving  processes 
that require a high degree of operator competence. Being able to deal with 
people also involves understanding cultural issues, bearing in mind the cul-
ture of an organisation is the combined effect of the values, beliefs, attitudes, 
traditions and behaviour of its members (Lewis,  1995 ).  

  4.2     Production planning and organisation 
within a company 

 Production planning can be represented by those functions and activities 
that unite and link clothing-pattern construction (design) and manufacturing 
technology (production), through four closely related organisational units:

   1.     Clothing-design analysis, pattern making, and planning production 
activities;  

  2.     Planning and control of clothing-manufacturing activities;  
  3.     Clothing production management; and  
  4.     Material testing.    

 Only proper organisation ensures the optimal planning and coordination of 
the manufacturing process, as a basic process that transforms material inputs 
into products or services (Ger š ak,  1993 ). In this regard, it is also worth men-
tioning the engineering function during manufacture, for this involves the 
design, planning and control of manufacturing processes and manufacturing 
production. A schematic representation of positioning production planning 
and organisation within the basic process can be seen in  Fig. 4.1 .    

 Because of the pressures within this dynamic marketplace, as in any other 
industry, in order to remain competitive clothing manufacturers need to:

   deliver on time;  • 
  respond quickly;  • 
  deliver to a given price;  • 
  reduce ‘work in progress’  • 1  ;  

  1      Work in Progress  (WIP) – material that has entered the production process but is 
not yet a fi nished product. WIP therefore refers to all materials and partly fi nished 
products that are at various stages of the production process. As such, WIP excludes 
inventory of raw materials at the start of the production cycle and fi nished products 
inventory at the end of the production cycle. Also referred to as work in process.  
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  reduce excess costs such as overheads;  • 
  improve productivity;  • 
  introduce best practices; and  • 
  achieve accurate and consistent information (Collins and Glendinning, • 
 2004 ).    

 Good production planning and control are fundamental. In order to achieve 
specifi ed planning and organisational objectives, it is necessary to be fully 
familiar with the properties and characteristics of the three basic elements 
present during every clothing-manufacturing process:

   1.     The raw material being processed – Material;  
  2.     The processing equipment – Machines; and  
  3.     The person executing the process – People.    

 It is also worth mentioning the so-called geometric principles of clothing 
design. Knowledge of a fabric’s behaviour during its transformation from 
a two-dimensional plane into a three-dimensional article of clothing, and 
characteristics of the materials involved, are of prime importance for effi -
cient production. It is, therefore, necessary to be able to identify and under-
stand the natural characteristics and the mechanical and physical properties 
of fabrics (Kawabata  et al.,   1990 ,  1992 ; Ger š ak,  2008 ; Ger š ak and Zavec 
Pavlini ć ,  2000 ; Zavec Pavlini ć  and Ger š ak,  2004 ). 

 An important role is played by material testing: investigating and testing 
the materials to be included in the clothing with regard to the functional 
and technical requirements imposed upon them. It involves mechanical, 
physical and chemical tests on the basic and auxiliary materials and their 
accessories, as well as checking and defi ning the minimum quality criteria 
required. Planning and determining processing parameters will ensure a 
smooth manufacturing process and the required quality level. These param-
eters are directly related to quality-control requirements, some of which will 
be discussed in  a later chapter dealing with quality requirements for cloth-
ing materials. Production planning includes the planning of manufacturing 
and assembly processes, as well as the process of clothing fi nishing. These 
processes and their order of application are precisely determined, so plan-
ning also needs to take into account the reliability of the equipment neces-
sary to make the products. 

 Production planning is an organisational unit in itself. Effective data 
fl ow is of the utmost importance (Ger š ak,  1993 ; Podlesek and Ger š ak, 
 1993 ; Kleindienst,  2008 ). The information system gathers the data that a 
production manager uses in order to know whether a basic process is on 
target or not. However, this information must be timely, and one of the 
problems organisations often have is that the data on process performance 
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is gathered, fed into a mainframe computer, then batch processed and 
distributed over such large time intervals as to make the information use-
less for control. This is discussed further in the chapter on production 
monitoring and control. 

 An adequate information system that connects production planning 
and basic process fl ow is a prerequisite for successful production. The 
information system should be designed so as to ensure data exchange 
between the management system and the production process, meaning 
that it creates a closed cybernetic  2   circle, as can be seen in  Fig. 4.2 . The 
data obtained from the basic process, together with the data acquired 
from the environment, create the essential information for the informa-
tion system.     

  4.3     Clothing-design analysis and activity planning 

 The life cycles of fashion articles are much shorter (a single season, i.e. up to 
six months) than the life cycles of other products. In addition, the price of 
fashion clothing is often drastically reduced by the end of the products’ 
life-cycle (the season) as the psychologically perceived value of fashion 
clothing quickly deteriorates. Therefore, to work successfully within these 

Information
systems

Workers
processing equipment

Basic process
production monitoring

Plans

Resource
planning

Realisation

4.2      Data fl ow among different information systems within a company.  

2      Cybernetic –  from  cybernetics  [from Gr.  kybern é tes  steersman] – the scientifi c 
study of the way in which information is moved and controlled in machines, the 
brain and the nervous system; the science exploring communication and con-
trol mechanisms in machines and living creatures. It is an interdisciplinary sci-
ence studying rules in regulatory processes, data transfer and data processing in 
machines, organisms and societies.  
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constraints, collection development and clothing-design analysis needs to 
be extremely well planned, organised and managed, whilst the design and 
manufacturing functions must be closely associated. 

 The successful launch of a new product or collection within a demanding 
fashion market depends not only on being familiar with the market, but also 
on having a good working knowledge of the technical and technological 
characteristics of the clothing’s production and the specifi c requirements of 
fashion marketing. Fashion marketing differs from other marketing areas 
in that it is strongly infl uenced by its environment, time pressures (fashion 
garments lose value quickly and should be distributed as quickly as pos-
sible to the places where they are to be sold), as well as by the role of the 
customer (the decision to purchase is strongly infl uenced by a customer’s 
personality). It is therefore necessary to ensure proper, professional, and 
fl exible clothing-design analysis and planning, and a preliminary analysis of 
risk and the resulting impact on time, cost, and performance requirements 
is also very important during this phase. 

 Although the psychological value of an article of clothing as a fashion article 
is more pronounced than the physical properties and benefi ts of the product 
(i.e., warmth, comfort, and protection from external infl uences), it is necessary 
to study and determine, within the content of the clothing-design analysis, the 
necessary physical properties of the product. In order to ensure the quality of 
the manufacturing process and the product itself, it is necessary to determine 
the quality requirements and standards in advance, as well as the require-
ments for smooth technological processing, up to the fi nished product. 

 Standardisation plays an important role in the above, contributing to 
cost reduction through simplifi ed manufacturing processes, and institut-
ing order and technical discipline when performing individual processes 
and operations. Standards dictate the rules, directions or instructions for 
particular operations, or the expected results. Standards are intended to 
be used generally, and are aimed at attaining an optimal order within a 
particular area. They should be based on verifi ed scientifi c, technical, and 
empirical results, so as to enable general and optimal implementation. As 
well as the standards, rules developed from in-plant practice are also used, 
together with technical regulations. The rules from in-plant practice are 
those that recommend technical rules or procedures during the develop-
ment, manufacture, care or usage of equipment, construction or products. 

 Clothing-design analysis and activity planning is an extremely impor-
tant aspect of the design and manufacture of new products, and is the 
basis of any effi cient process regarding high-quality clothing manufacture. 
Clothing-design analysis connects ideas, engineering design, and technol-
ogy, and is indirectly involved in fashion design and fashion marketing. 
Clothing-design analysis and activity planning, as one part of production 
planning, is the area responsible for:
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   (a)     determining the contents of development documents (manually or by 
using computerised equipment), including: 

   model sketch;  • 
  model description;  • 
  list of materials; and  • 
  quality guidelines;    • 

  (b)     pattern construction;  
  (c)     pattern grading;  
  (d)     marker planning and making;  
  (e)     determining fabric consumption; and  
  (f)     defi ning detailed cutting-data.    

 Initially, the preparation of detailed plans required to support the 
clothing-manufacturing process predominates, including the preparation of 
all documentation necessary to support the production process.  

  4.4     Key documentation 

 The precise data to be used as the basis for defi ning product and manu-
facturing processes should be known, in order to achieve an effi cient and 
high-quality production process (Eversheim,  1989 ). The defi nitions of 
products and processes are included within the basic development or the 
so-called technical documents. Identifi cation and initial preparation of all 
documents required to support the system as a manufacturing process are 
very important during this phase. 

 These documents include:

   (a)     work-order, including data on the programme, number of pieces, basic 
fabric types, basic characteristics of the model, date, and the person 
responsible for the manufacture and approval of the proposed product;  

  (b)     model sketch and description, together with product specifi cation;  
  (c)     list of materials; and  
  (d)     quality guidelines.    

 There are three basic aims regarding the development of technical documents:

   1.     They should offer information or instructions regarding the operation or 
action to be performed;  

  2.     They should inform the order for performing the action; and  
  3.     They should be used to register the effects and results of the action 

performed.    

 Many other documents, such as job instruction, load chart, manufacturing 
plan, operational fl ow chart, and process plan, are used by management to 
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control the operation of the manufacturing process, and some of these will 
be discussed in a later chapter dealing with the planning of clothing manu-
facture. Technical documents have to be initially developed. They are often 
created in electronic form, which allows for easier storage and transmis-
sion. The quality of key documentation is very important for manufacturing 
quality assurance and product quality. It should therefore be carefully and 
professionally prepared. 

  4.4.1     Presenting the pattern 

 A pattern or prototype is defi ned as an article manufactured as an illustra-
tion, and is a representation of the planned or existing article of clothing, 

 4.3      Fashion sketch of a jacket pattern.  
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and that includes, apart from the sketch, a detailed description and its key 
construction characteristics. The so-called technical sketch is used in practice 
to present the pattern or model, which is based on the idea of the fashion 
sketch. An example of a fashion sketch from a men’s evening wear collec-
tion, where the lines of the garment stress the elegant silhouette of men’s 
evening wear, can be seen in  Fig. 4.3 .    

 A technical sketch should be made on an adequate scale and accompa-
nied by all the data necessary to present the fi nal product in the intended 
way, as shown in  Fig. 4.4 . This must be used to inform all operations so 
that the design can be transformed into a saleable product. The model 
sketch should be clear in its construction, as it is supposed to serve as a 
basis for designing the model’s cutting pattern. It should also be aestheti-
cally attractive, as the sketch sells the idea. A model description contains 
all the key properties that should be manufactured as part of a partic-
ular garment, including instructions for the manufacture of lining and 
interlining.    

 The key construction–technological properties of a model are deter-
mined by the control dimensions, whilst model identifi cation is determined 
by the nomenclature. Apart from the technical sketch and the model’s 
description, the presented model should also contain a product specifi -
cation. This document collates the basic descriptive information about a 
particular style, for example, product type, collection, season, size range, 

White sateen

6 cm

1 cm 1.5 cm1.5 

Dart length = 10 cm

2.5 cm

1.5 cm 

1 mm effect
seam

Centre back vent = 23 cm
Jacket length = 80 cm

1 mm
effect
seam

 4.4      Technical drawing of a jacket pattern.  
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 4.5      Product specifi cation of a man’s jacket.    

materials, originator, etc., and usually includes a sketch, a brief description, 
and specifi c manufacturing instructions. The sketch is not to-scale but gives 
a visual impression of the front and back details. Hand-written remarks may 
be added to emphasise particular aspects. A fabric sample supplements the 
sketch. Product specifi cation usually includes the measurements, which are 
given for particular sizes. An example of a product specifi cation for a man’s 
jacket can be seen in  Fig. 4.5 .     
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  4.4.2     List of materials required 

 A list of materials, otherwise known as the materials list or bill of materials, 
is a document that comprises all the components of the materials necessary 
for manufacturing of the product, representing a list of the parts or com-
ponents that are required to build a product (Martinich,  1997 ). It lists all 
the required materials based on the quantities required for one item, and 
determines the following:

   (a)     The physical (material) structure or composition of the product and its 
components; and  

  (b)     The quantities of particular components in the product (normative 
quantities).    

 Apart from the specifi cation of the required materials, the list of materials 
also contains:

   clothing designation and cutting-pattern type designation;  • 
  data on the basic raw material’s fabric content;  • 
  design;  • 
  data on the auxiliary fabric’s raw material content;  • 
  dimensional data: width (of the fabric), mass (of the fabric), linear density • 
(in tex for the thread), diameter (for buttons), length (for zippers), etc.;  
  basic fabric sample;  • 
  other data (possible embroidery, waistband – type, colour and width); and  • 
  conditions for cleaning and care.    • 

 The data from the list of materials are used to calculate the total require-
ments for various materials, which are then used to compose the materials 
requirement list. As soon as the product is approved for production, this 
document is supplied to the purchasing department. 

 Since fabrics are the base of an effi cient manufacturing data system, it is 
necessary to introduce a unique system for designating them, to ensure clear 
and easy classifi cation and identifi cation of the fabrics or articles of clothing. 
A designation, or code symbol, is used for this purpose, consisting of a sys-
tem of signs, that is, classifi cation and information designations (letters and 
numbers), as well as the identifi cation designation (consecutive number). The 
identifi cation part of the code is intended for the unambiguous designation of 
products, so as to prevent mistaken identity within a group, whilst the classifi -
cation part is used to denote those groups of identical or similar products.  

  4.4.3     Manufacture quality requirements 

 Over recent decades, the view of quality has changed dramatically. Quality as 
a term cannot be accurately defi ned today, because quality is determined by 
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the customer and means conformance to requirements. Quality is, therefore, 
a question of achieving a degree of inherent characteristics regarding a set 
of requirements, and is always relative to a set of requirements. According to 
the Business Dictionary, quality (in manufacturing) is defi ned as ‘a measure 
of excellence or a state of being free from defects, defi ciencies, and signifi cant 
variations, brought about by the strict and consistent adherence to measur-
able and verifi able standards to achieve uniformity of output that satisfi es 
specifi c customer or user requirements’. The ISO 8402:1986 standard defi nes 
quality as ‘the totalities of the features and characteristics of a product or 
service that bears its ability to satisfy stated or implied needs’. 

 Because quality is directly linked with profi tability, emphasis on quality 
must start at the very beginning, that is, during the design stages of a prod-
uct or a process, and continue throughout the production phase. This is very 
important for clothing manufacturing, as clothing quality is refl ected in both 
the materials used and the quality of manufacture, and the suitability of the 
materials used (fabrics and auxiliary materials) is evident in the quality of 
the fabrics, including their characteristic properties, which can be:

   basic;  • 
  useful or functional;  • 
  processing; and/or  • 
  visually aesthetic (Ger š ak,  1996 ,  1998 ).    • 

 At the same time, manufacturing quality can be seen in the quality of the 
individual ‘making-up’ operations performed, as well as in the quality of the 
fi nished clothing. Quality awareness has to be integrated into every activity, 
from design to delivery. The quality requirements should be handled from 
the point of view of a case study, as a puzzle that has to be solved. 

 Considering the manufacturing quality requirements mentioned above, 
for which it is necessary to establish suitable and effective criteria for tech-
nical quality assurance, the strategy for dealing with manufacturing quality 
should contain the following basic components:

   Defi ne the quality characteristics of clothing regarding the manufactur-• 
er’s view of quality (adherence to specifi cations), and the customer’s 
view, or the so-called ‘fi tness for use’ (i.e., quality of design, quality of 
conformance, availability, safety, fi eld use, etc.);  
  Unambiguously defi ne a set of appropriate product quality require-• 
ments, with tolerances;  
  Unambiguously defi ne a set of appropriate quality requirements, for • 
which no tolerances are allowed;  
  Unambiguously defi ne quality requirements for implementing quality • 
control, including those techniques for measuring the degree of confor-
mity to these requirements; and  
  Invest in prevention so as to consolidate and improve such results.    • 
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 The problem is rather complex, because quality is not a static concept but 
a dynamic one. It is an intensive analysis of manufacturing quality and the 
quality of the fi nished clothing, by stressing developmental factors in rela-
tion to quality. Thereby it begs the important question: does improving a 
product’s quality cost money or save money? Much controversy surrounds 
this seemingly straightforward question. The answer is often unknown, since 
the necessary analyses are often missing or inadequate. 

 One of the critical factors that can affect quality is an emphasis on prob-
lem identifi cation. The fact that about 85% of all quality problems require 
management to take the initiative and change the process, and only about 
15% of quality problems can be controlled by the workers, refl ects the con-
trasting nature of quality requirements. It is therefore necessary, fi rst of all, 
to identify the problem and to determine its cause. Because quality require-
ments are conducted during product and process planning, when changing 
a process it is necessary to clearly articulate those quality requirements that 
would contribute to the success of the quality changes. 

 The quality improvement process from an operative point of view, as 
shown in  Fig. 4.6 , illustrates that the organisation places more emphasis on a 

Planning for quality

(1) Identify outputs

(2) Identify customer (s)

(6) Steps in the basic process

(7) Select measurements

(8) Determined process capability

Organizing for quality

(3) Identify customer’s requirements

(4) Conformance to requirements

(5) Translate requirements into
supplier specifications

Monitoring for quality

(10) Recycle

Requirements met?

Yes

(9) Evalute

No

Produce output

Basic process

Manufacturing
process

Key documentation

Quality guidelines

Manufacture quality
requirements

Material
Machines
Man

Problem solving

4.6      The quality improvement process.  

�� �� �� �� �� ��



100 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

quality process than on a quality product and, therefore, is actively pursuing 
quality improvements through a continuous cycle.    

 The process is comprehensive, and here we shall limit ourselves to only 
presenting the case of manufacturing and product quality requirements as 
part of quality planning. The technique can only be effective when applied 
early on, when designing the product and the process system. 

 The basic approach is to eliminate the causes of faults, rather than just cor-
recting faulty work. It is necessary to compose a list of quality requirements, 
that is, a document comprising a detailed defi nition of quality requirements 
for particular operations (requirements for performing sewing operations, 
formability, overfeeding, etc.), as well as requirements for the fi nished cloth-
ing’s quality. This is necessary in order to attain the pre-planned quality level 
of the clothing to be made, as determined within the process of collection 
development. For this purpose, all of the necessary measurements during 
product development are documented to provide quality targets for subse-
quent manufacturing. The quality of the fi nished clothing can be quantitatively 
evaluated using pre-determined clothing appearance quality elements, which 
include matching-pattern repeat, symmetrical seams, quality of the piping, etc. 
An example of quality requirements when performing the operation of sew-
ing the shoulder-seam on a man’s jacket can be seen in  Fig. 4.7 .    

Neck
1/3

1/3
1/3

10 mmSeam flow
direction

Back part

Interlining

Front part

 4.7      Quality requirements in the operation of sewing a side seam.  
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 The quality requirements for a fi nished article of clothing should also be 
precisely determined, and be based on the following activities:

   Defi ning the grades for visually evaluating the clothing’s fi t during • 
try-ons.  
  Analysing in detail and defi ning the criteria for individual evaluations, • 
together with pictorial representations of the differences between 
grades.  
  Shaping a system for evaluating the quality of manufacture, this sys-• 
tem being divided into two parts. The fi rst concerns evaluating the 
quality when performing individual operations, and the second is 
based on visual evaluation of clothing-fi t during try-ons (Ger š ak, 
 2003 ).  

In making pockets and belt
loops (when they are visible)
the colour of the thread
should match the colour of
the fabric. Thread tension
should be controlled.

Flap pocket should be
made so as to take
care of the pattern
repeat.

Pattern should
be adjusted to
follow seam
symmetry. Pattern should

be adjusted in
the area of the
step seam.

Dart length and depth
should be checked. Darts
should be straight and
evenly spaced.

Waistband should be cut so
as to allow the stripes of ribs
to go horizontally.yy

Trouser legs should be of equalTT
length and cuffs of equal height.

Trouser cuffs should be securedTT
5 mm below the upper edge, so
as to the joints of two seams
are 1 mm from the edge.

4.8      Quality requirements in the manufacture of men’s trousers.  
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  Dividing the product during evaluation into individually evaluated • 
 segments, whilst previously preparing the documents to be used when 
controlling the evaluation (Podlesek,  2003 ).  
  Determining those operations that most strongly impact clothing quality.  • 
  Determining the compilation of instructions regarding quality guidelines.    • 

 An example of the requirements necessary for ensuring quality when 
 manufacturing men’s trousers can be seen in  Fig. 4.8 , whilst  Fig. 4.9  shows 
the quality requirements regarding individual details during jacket manu-
facture. The quality improvement process, and clearly articulating one’s 
quality requirements, all assist in involving operators and supervisors to 
accept personal and collective responsibility for quality.         

  4.5     Conclusions 

 As has been shown, the planning of clothing production is complex, but 
constitutes an extremely fl exible and highly effective approach to multidis-
ciplinary management. 

 Although the vast majority of publications deal generically with pro-
duction planning and organisation, as well as production management and 
control, there are several notable exceptions which distinguish between 
work nature, product development, and production planning. This chapter 

Proper shaping of the sleeve
should be ensured in sewing.
Armscye should be adequately
shaped in advance.

Pockets should be smooth,
piping width uniform and in
accordance with the instructions.
If the fabric is patterned, the
repeat should be respected.

Sleeve length should
be checked, as well as
the slits and button
positioning.

Proper length should be ensured
in view of the pattern repeat and
matching left and right lower
edge.

Proper visual appearance
of buttonholes should be
ensured.

Breast pocket position should be
checked. In patterned fabrics,
repeat should be taken into
account. In an optimal repeat, the
lines (checks or stripes) are
straight on jacket front or point
outwards.

Lapel and collar quality should be
checked. Mirror seam quality
should be ensured, as well as the
shape of collar seam, as they are
important elements in the quality
of jacket front appearance.

 4.9      Quality requirements in the manufacture of an individual details in 

a man’s jacket.  
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has discussed the key terms and roles of clothing production planning 
and organisation, and has explained design analysis and activity planning, 
including development documents, whilst the specifi cities of planning 
pattern making and cutting, planning clothing manufacturing, and cloth-
ing production management will be discussed in the following chapters. It 
has also stressed the importance of manufacturing quality requirements, 
including a case study. The quality requirements include all those activities 
that organisations use to direct, control and coordinate quality, because 
quality control is a set of activities intended to ensure that quality require-
ments are actually being met.  
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     5 
 Planning of clothing design, 
pattern making and cutting   

   DOI : 10.1533/9780857097835.105 

  Abstract : In this chapter, garment-pattern construction, pattern 
making and fabric utilisation are discussed. The chapter fi rst discusses 
garment-pattern construction, and pattern-pieces and their preparation. It 
then explains the cutting-marker process, before defi ning cutting-marker 
parameters that impact on the quality of the garment parts to be cut. 
The chapter then discusses technological requirements when arranging 
pattern-pieces in a cutting-marker. Finally, the chapter describes the 
factors affecting effi cient cutting-marker utilisation. 

  Key words : pattern construction, cutting-marker, cutting-marker 
parameters, effi ciency, fabric losses, fabric utilisation. 

    5.1     Introduction 

 In the fi rst two chapters we reviewed clothing classifi cation systems, and 
clothing sizing and designation systems, whilst in the third chapter we 
focused on product and collection development. In the fourth chapter we 
defi ned the role and functions of clothing production planning as major fac-
tors for the continuous and effi cient operation of clothing manufacturing. In 
addition, we identifi ed the necessary planning documentation and defi ned 
the manufacturing quality requirements to assure successful clothing pro-
duction. This chapter reviews clothing-design analysis and activity planning, 
as the fi rst stage in clothing production planning. This stage includes all 
activities from garment-pattern design, grading and preparation of markers 
to material requirements.  

  5.2     Constructing garment patterns 

 Constructing garment patterns is a complex process that is performed, for 
particular types of garments, on the basis of (Eberle  et al .,  1993 ; Knez,  1994 ):

   body proportions;  • 
  pictograms;  • 
  body measurements;  • 
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  garment-sizing systems and size designation of clothes;  • 
  back and chest widths;  • 
  main body measurements;  • 
  construction measurements; and  • 
  additional measurements.    • 

 A pattern is a diagrammatic representation of the way a garment part is 
constructed, which forms the working plan for its manufacture. An example 
of the basic pattern construction for a woman’s jacket in garment size 38 can 
be seen in  Fig. 5.1 .    

 As garments are generally composed of the basic fabric, lining,  1   and 
 interlining,  2   they require a pattern for the basic fabric, which will then form 
the basis of the pattern for the linings. Lining patterns should always include 
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 5.1      Construction of woman’s jacket, front and back parts.  

  1      Lining  – is a fabric that covers the inside of a piece of clothing. The qualities 
required by a lining fabric are that it be lightweight and non-shrink, with a close 
weave structure and a smooth surface fi nish.  

  2      Interlining  – is a fabric sewn or fused inside a garment to give it shape and stabil-
ity. The most important quality of an interlining is that it should provide stability 
and shape to an item of clothing without changing the inherent characteristics of 
its fabric, particularly its handle. The interlining for clothing has to be resilient 
and must not shrink when dry cleaned, or in some cases when washed. Woven, 
non-woven and knitted fabrics are used for interlinings. They can be further 
 categorised into non-fusible and fusible.  
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what is known as ‘ease’. The lining should never pull the clothing out of 
shape or cause wrinkles. The ease may have to be increased, depending on 
the spread or stretch in the clothing fabric (Aldrich,  2002 ). 

 Basic pattern construction and modelling can be performed either in the 
conventional manner or by using a computer system designed for the pur-
pose. In the conventional manner, the construction, modelling and modi-
fi cation of garment pattern-pieces are done manually, whilst grading (i.e. 
stepwise increase or decrease pattern-pieces) can be done manually or using 
appropriate computerised systems. When garment patterns are constructed 
using a computer (with such systems offering construction, modelling and 
modifi cations of the basic pattern, as well as simultaneous grading of indi-
vidual pattern-pieces into target sizes), it is necessary to do the following:

   Systemise the pattern-pieces and models;  • 
  Prepare the pattern-pieces;  • 
  Determine the type of material to be used; and  • 
  Defi ne the cutting-marker parameters.    • 

 Contrary to the above, in conventional construction preparation, which 
includes the construction, modelling, and modifi cations of garment 
pattern-pieces manually, it is necessary to prepare the pattern-pieces in 
advance, which can be used later during computerised processing.  

  5.3     Pattern-pieces and their preparation 

 A pattern-piece can be defi ned as a component of a garment pattern  constructed 
on the basis of technological-construction requirements, or a component of 
a garment part cut from a particular template; see  Fig. 5.2 . A pattern-piece 
should contain a designation (code), size designation, marks for the positions 
of darts, folds, pockets and control incisions, as well as an indication of yarn 
direction (warp yarns or loop column in the case of knitted fabrics).    

 Pattern-piece designation should be composed so as to indicate the type 
of fabric used (or other sheet material, such as leather, fur, etc.) for the 
pattern-piece in question and the model to be manufactured, the designation 

5.2      Pattern-piece of a jacket.  
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of the appropriate grading table, the name of the model, and the identi-
fi cation code that indicates particular model pattern-pieces. A nine-digit 
designation is often used (although contemporary systems enable larger 
designations to be used, up to 13 digits), where the fi rst six digits indicate 
the model, whilst the last three describe the pattern-piece. The pattern-piece 
designation therefore assumes the following form:

 
x x xx x x xxx

Garment type

Programme (men's, women's, children's)

Model designation

Grading table designation

Fabric designation (basic fabric)

Pattern-piece identification code

      

  5.3.1     Adding seam and hem allowances 

 The seam allowance, which is defi ned as the distance between the seam line 
and the cut edge, should be determined for individual pattern-pieces, with 
respect to their clothing models. Within the seam allowance is a defi ned 
measure, which varies from enterprise to enterprise but should be defi ned 
uniformly in every production. The seam allowance can be, depending on 
the production programme and the seam position, between 7.5 and 15 mm 
(Schierbaum,  1993 ). The standard seam allowance measurement is 10 mm, 
but high quality garments (e.g., a jacket) may have 15 mm seams on the back 
and side seams. Intricate seams, such as welt seams, will also vary in size. 
The hem allowances are also different. For example, hem allowances on the 
body and sleeve of a coat are approximately 40 mm.  

  5.3.2     Preparation of pattern-pieces for 
digitising and grading 

 Garment pattern-pieces are generally formed of particular geometrical 
shapes that cannot be easily stored in a computer memory but have to be 
converted into a form appropriate for computer notation, that is, an elec-
tronic form that is appropriate for further computerised processing. There 
are various actions to be taken in the preparation of pattern-pieces, their 
storage and computerised grading (Rogale and Polanovi ć ,  1996 ; Ujevi ć  
 et al .,  2000 ; Aldrich, 2004). 

 An important step is the systematisation of those pattern-pieces and 
model names necessary for computerised pattern-piece grading and 

�� �� �� �� �� ��



 Planning of clothing design, pattern making and cutting 109

© Woodhead Publishing Limited, 2013

cutting-marker planning; all the data necessary for these two actions should 
be systematically included in adequate databases, which involve:

   basic pattern-pieces;  • 
  grading rules;  • 
  garment models; and  • 
  cutting-markers.    • 

 Pattern-piece preparation for digitising involves:

   defi ning pattern-piece contours, being composed of a number of dif-• 
ferent lines, each starting with one and ending with another main 
point;  
  decomposing pattern-piece contours;  • 
  determining segment types, where those with straight lines are defi ned • 
by their fi rst and second main points, whilst those with curved lines are 
defi ned by their starting and ending points, as well as those with auxil-
iary points, which further defi ne the shape of a particular curve;  
  determining auxiliary points in the areas of curved segments;  • 
  defi ning those border garment sizes for which grading is to be • 
performed;  
  defi ning those types of garment sizes for which grading will be performed • 
within the border areas previously determined;  
  designating the main and auxiliary points on the pattern-pieces contour, • 
as well as inner points;  
  determining the types (TIPs) and manner of moving (COD) the main • 
points, where the main point TIPs defi ne various designations, warp 
yarn direction, darts, pockets, folds, etc. Inner contours and inner 
points can be distinguished from the point of view of main point TIPs 
(see  Fig. 5.3 ), whilst COD describes the interval of size deviation from 
the basic pattern-piece of the basic size, towards particular measure-
ment sizes (Rogale and Polanovi ć ,  1996 ).       

1
1 1 6

6 1
6

1

2

1
1

6
1

1

1 3 3 8
1

5.3      Types of point TIPs on a jacket basic pattern-piece.  
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 Pattern-pieces are digitised using a digitiser  3   ( Fig. 5.4 ), which physically 
transforms geometrical shapes of pattern-pieces into a series of numbers 
that are appropriate for computerised processing. In order to perform this 
process, the pattern-piece is attached to the digitising tablet and the posi-
tion of each marked pattern-piece contour point is recorded, in a clockwise 
direction. The digitiser is linked to a microcomputer, which records data 
on the position of each point. Pattern-pieces can be digitised in three ways 
(Rogale and Polanovi ć ,  1996 ):     

   1.     Digitising is done on a previously prepared grid of basic size 
pattern-pieces, highlighting the biggest and the smallest ( Fig. 5.5 ). The 
coordinates of the main and auxiliary points, as well as the grading val-
ues, are stored by the computer.     

  2.     Digitising with the simultaneous formation of a grading database. 
Digitising is again performed from the previously prepared pattern-piece 
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 5.4      Schematic diagram of a digitiser used for recording and reading-off 

the coordinates (Rogale and Polanovic ́  ,  1996 ).  

  3      Digitiser  – an apparatus for recording and reading off the coordinate points of 
geometric shapes; it enables the data on cutting-part geometric shape to be trans-
ferred into a digital form.  
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contour grid. However, grading data are shaped during digitising and are 
stored in the database containing this type of information.  

  3.     Digitising referring to the designation of the memorised grading rule 
values. The basic size is digitised for this purpose.    

 The pattern-pieces are graded when the digitising and control processes are 
complete, by employing previously determined grade rules  4   (also called 
grading rules). Grading means the stepwise increase or decrease of a master 
pattern-piece to create larger or smaller sizes. The direction and values of the 
shift for each main point position during grading are defi ned at each main point 
of each segment. In order to determine these shifts, a local coordinate system 
is used, its starting point being the main point of the contour segment for the 
basic clothing size. The incremental values of main point coordinate increase 
are the so-called abscise increments ( Δ  x ) and ordinate increments ( Δ  y ), whilst 
decreasing is defi ned by abscise decrement ( Δ  x ) and ordinate decrement ( Δ  y ). 
The main point increments and decrements, with their appropriate values, com-
pose so-called variable data (Rogale and Polanovi ć ,  1996 ). When digitising is 
over, modifi cations and digitising control have been performed successfully and 
the grading rules are stored, the digitised pattern-pieces are stored as well.  

  5.3.3     Preparation of pattern-pieces for model defi nition 

 Garment model defi ning is started when the preparation of pattern-pieces 
has been completed, that is, digitising, confi rmation of variable data on the 

5.5      Pattern-piece digitising.  

4      Grade rule  – is the instruction across a range of sizes. Grade rules can be calculated 
from size charts or from previous patterns. They can be placed individually on pat-
tern points or accessed from grade-rule libraries. A grade-rule library is compiled 
of numbered grade rules used at the grade points (Aldrich,  2002 ).  
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pattern-pieces main points for basic fabric, and modifi cations for the other 
pattern-pieces, such as pattern-pieces for the lining and interlining. The gar-
ment model includes all the pattern-pieces necessary for manufacturing an 
article of clothing. These are:

   pattern-pieces for the basic fabric;  • 
  pattern-pieces for the lining;  • 
  pattern-pieces for the fusible interlining;  • 
  pattern-pieces for the auxiliary fabrics (pockets, etc.); and  • 
  templates to be used when marking the positions of pockets, button-• 
holes, etc.    

 A model is defi ned by its name and the list of pertaining pattern-pieces, by 
the number of repeated pattern-pieces, and by the type of fabric used. 

 Apart from those requirements that defi ne the basic characteristics of a 
particular pattern-piece, each pattern-piece should also contain symbols that 
clearly determine its position within the cutting-marker. For example, the 

Symbol Meaning

Direction indicated on the pattern-pieces should be parallel to the system
of warp yarns in the marker.  

One of the directions indicated should be parallel with the system of warp
yarns. 

Pattern-piece can be randomly laid onto the marker.

Designates main pattern-piecess that should be laid onto the marker for
fabrics with oriented direction, according to the predetermined rules.

Designates those pattern-pieces (not the main ones) that should be laid
onto the marker, for fabrics with oriented-direction, according to the
predetermined rules.

Designates the direction in which a pattern-piece can be moved for a
predetermined number of mm, as related to the warp threads in the marker.

Designates corrections added to pattern-pieces for those fabrics with a
pattern repeat. Correction allowance size depends on the size of pattern
repeat in question.

555

1/2

 5.6      Symbols used to mark the positions of pattern-pieces on a 

cutting-marker.  
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quality of a fi nished article of clothing is affected signifi cantly by the posi-
tion (direction and orientation) of a pattern-piece into a cutting-marker. The 
symbols in  Fig. 5.6  are used to arrange pattern-pieces into a cutting-marker 
(Steuckart,  1974 ).    

 When preparing model pattern-pieces from patterned fabrics, that is, 
fabrics with checks, stripes or other patterns, it is necessary to determine 
the requirements for matching pattern repeats. The quality of a product is 
affected signifi cantly by the accuracy of pattern matching, and the positions 
of the components during matching pattern repeats in a fi nished article of 
clothing can be:

   transversal pattern match related to seam symmetry;  • 
  repeat of the pattern match related to seam symmetry;  • 
  transversal pattern match regardless of seam symmetry; or  • 
  repeat of the pattern match unrelated to seam symmetry.    • 

 The symbols in  Fig. 5.7  can be used to designate pattern match, or 
pattern-repeat match, for pattern-pieces in the area of the seam. During 
spreading it is necessary to match the pattern exactly at each end of the lay 
and in every ply.      

Repeat symbol Description

1/2

Practical example
of the symbol

a + a ≠ R
Transversal pattern
match related to
seam symmetry 

a + a = R
Repeat of the pattern
match related to
seam symmetry 

a + b ≠ R
Transversal pattern
match unrelated to
seam symmetry 

a a

a a

a b

a b
a + b = R

Repeat of the pattern
match unrelated to
seam symmetry 

 5.7      Types of pattern matching.  
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 5.8      The whole pattern cutting-marker.  

 5.9      Half pattern cutting-marker.  

  5.4     Pattern cutting-markers 

 The cutting-marker is a combination of evenly-distributed pattern-pieces, 
following predetermined cutting-technological requirements, of one or 
more clothing sizes for a particular model, done on a previously determined 
paper width, on a fabric, or some other material, which stands perpendicular 
to cutting (except where leather is concerned), and is used for fabric cutting 
( Fig. 5.8 ). Individual pattern-pieces should be arranged by their designa-
tions (which indicate the position of a particular pattern-piece within the 
cutting-marker) so as to utilise the cutting-marker to its fullest.    

 Cutting-markers can be, depending on the structure of the pattern-pieces 
in the marker, half cutting-markers or whole cutting-markers. Half 
cutting-markers include half of the pattern-pieces for one or more gar-
ment sizes of a particular model (e.g., the right side –  Fig. 5.9 ), whilst the 
other half is a mirror-image of the presented cutting-ply. These are used for 
folded or tubular fabrics, and for fabrics that are spread face to face. The 
whole cutting-marker includes all the pattern-pieces of a single or multiple 
garment sizes, for a particular model ( Fig. 5.8 ), and is used for open-width 
fabrics.    

 Various types of cutting-markers are used in practice, depending on 
the number of clothing sizes, their structural distribution within the 
cutting-marker, the characteristics of the fabrics used, and the technological 
requirements of the cutting operation. The most common cutting-markers, 
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as regards laying the fabric in the cutting-lay  5   and the type and structures of 
the cutting-lay, can be seen in  Fig. 5.10 . These are:     

   (a)     single-size cutting-markers;  
  (b)     multi-size cutting-markers.    

 Multi-size cutting-markers can be of equal size (a combination of two 
or more units of the same garment size, i.e., 38 + 38) or of different sizes (a 
combination of two or more units of different clothing sizes, i.e., 38 + 40), 
whilst according to the pattern-pieces’ structure, cutting-markers can be:

   chained or sectional;  • 
  interlocking;  • 
  mixed; or  • 
  combined.    • 

Cutting Marker – Cutting Lay Function

Cutting-Lay

In the fold Open width

Single plySingle ply

Multiple-ply Multiple-ply

One-way

Two-way

Stepped lay

Sectional

Mixed Combined

Interlocking

Multi-size marker

Single-size marker

Half marker Whole marker

Cutting-Marker

Form of spreading

Face-to-face

5.10      Pattern cutting-marker types according to the structures of the 

cutting-lays.  

5      Cutting-lay  is defi ned as a lay consisting of two or more plies of fabric spread one 
above the other, on which a cutting-marker is placed.  
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 A chain or so-called sectional cutting-marker is composed of two or more 
units or sections of the same or different garment sizes, following one 
another and linked perpendicularly ( Fig. 5.11 ). Each section contains all of 
the pattern-pieces for a single-size.    

 An interlocking cutting-marker is composed of two or more units of 
the same or different garment sizes, following one another so that the 
pattern-pieces complement each other at the crossing-line from one unit to 
the next ( Fig. 5.12 ). As the pattern-pieces cross the borders between units, the 
interlocking cutting-marker is more effi cient than the chain cutting-marker, 
as shown above.    

 A mixed cutting-marker is composed of two or more units of the same 
or different garment sizes, whilst pattern-pieces are randomly (but still 
following the cutting-technological rules) distributed so as to exploit the 
cutting-marker to its fullest, as shown in  Fig. 5.13 . Such an arrangement gen-
erally utilises the material best.    

 A combined cutting-marker is a combination of chain and mixed 
cutting-marker, comprising at least three (or more) units of different  garment 
sizes, whilst two among them, represented in the same work-order with the 
same per cent proportion, can be joined in a mixed cutting-marker. Individual 
units follow one another and are perpendicularly linked ( Fig. 5.14 ).     
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  5.5     Designating cutting-markers 

 Cutting-markers are made for various models and clothing sizes, as well 
as for different fabric types and widths, which is why precisely designated 
pattern-pieces and cutting-markers are so important. A cutting-marker 
should contain:

   model designation;  • 
  clothing size designation;  • 
  cutting-marker width in relation to fabric width;  • 
  cutting-marker length;  • 
  fabric type;  • 
  cutting-marker utilisation; and  • 
  cutting-marker designation.    • 

 The cutting-marker designation should indicate the type of clothing to be 
made, fabric type (or other fl exible sheet material used), and model designa-
tion and identifi cation codes. The designation usually has the following form:

 x x xx xx xxx xxx

Garment type

Programme (men's, women's, children's)

Pattern designation

Model designation

Fabric type (basic fabric)

Cutting-marker identification code

       

  5.6     Defining fabric and other parameters 

 Since the cutting-marker, as a combination of cutting-technological require-
ments for evenly-distributed pattern-pieces, is used as a basis for directly 
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cutting the fabric lays and transforming them into garment parts, the param-
eters need to be precisely defi ned before the cutting-marker is made. Apart 
from attributing names and designations to a cutting-marker, all parameters 
should be defi ned that directly impact the quality of the garment parts to be 
cut, the economy of manufacture and attaining the target quality level of the 
garment to be made. These parameters are:

   the nature of the fabric or other sheet material type that will be used to • 
make the model;  
  the manner of spreading the fabric into the cutting-lay;  • 
  fabric pattern, if any;  • 
  fabric width;  • 
  fabric dimensional stability;  • 
  fabric elasticity;  • 
  position of the pattern-pieces within the cutting-marker; and  • 
  the models and garment sizes that are included in a cutting-marker.    • 

  5.6.1     Defi ning the type of fabric and form of spreading 

 Prior to making a cutting-marker, it is necessary to defi ne in detail the 
types of materials to be used (i.e. basic fabric, interlining, lining), as deter-
mined by the model description, since cutting-markers are made sepa-
rately for the basic fabric, lining and interlining. Designations used in the 
material storage document are also used for this purpose. Additionally, 
it is necessary to select the forms of each fabric piece that relate to the 
fabric package, respectively the characteristics of the fabric and the 
method of spreading. The forms of fabric piece that can be used are 
as follows:

   open fabric or open-width fabric (may vary from less than 75 cm wide to • 
over 300 cm, especially with knitted fabrics);  
  folded or doubled fabric (traditional form for the woollen and wool-• 
len mixture fabrics used in tailored garments; its width commonly varies 
from about 70 to 80 cm folded); or  
  tubular knitted fabric (usually used for the manufacture of garments • 
such as sports shirts or tee-shirts; in specialised cases the fabric width is 
that required for the shirt body).    

 According to the direction of the fabric’s ply into a lay, the forms of spread-
ing can be:

   one-way: each ply of fabric is laid the same way up, with the grain; this • 
form is used for fabrics with a grain or a directional pattern;  
  face-to-face: the plies are laid in pairs, face to face; the grain or pattern • 
runs in the same direction; or  
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  two-way: the plies are laid continuously from left to right and right to • 
left; this form cannot be used for fabrics with a grain or a directional 
pattern.    

 The form of spreading fabric into cutting-lays infl uences the type of 
cutting-marker to be made (i.e. half or whole cutting-marker). With folded 
fabric the cutting-marker contains only a half set of the pattern-pieces (half 
cutting-marker), since the fabric by its nature is spread face to face.  

  5.6.2     Defi ning the fabric pattern 

 From a visual point of view, textile fabrics differ by:

   pattern type (single colour, striped, checked or plaid); and  • 
  orientation (with respect to surface nap, asymmetric surface texture, etc.).    • 

 In respect of particular patterns, textile fabrics can be divided into (Steuckart, 
 1974 ):  

 Pattern designation  Pattern type 

 0  Single colour – no pattern 

 1 

 2 

 Undefi ned pattern 

 3  Fabrics with visible yarn structure and/or small patterns 

 20/0*  Lengthwise stripes; stripe width of 20 mm 

 010/0  Gentle lengthwise stripes; stripe width of 10 mm 

 40/40  Checked pattern; repeat size 40 mm  ×  40 mm 

 020/020  Gentle checked pattern; repeat size 20 mm  ×  20 mm 

     * The fi rst digit with striped and checked patterns denotes pattern dimensions in 

the warp direction (in mm) and the second dimension in the weft direction.      

 The orientation of the pattern-pieces depends on the construction of the 
textile material and its pattern design features. There are three basic types 
of orientation:

   1.     Fabrics for which neither the orientation nor the direction is important, 
for example, random-laid non-woven fabrics;  

  2.     Fabrics for which the orientation is important but the pattern-pieces may 
be laid in either direction, for example, linings and laminated fabrics; or  

  3.     Fabrics for which orientation and direction are both important, for 
example, pile fabrics, fabrics with a directional pattern or pile, knitted 
fabrics.    
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 To produce garments from fabrics, including pattern repeats, requires proper 
additional preparation of the pattern-pieces and cutting-markers. This is 
why it is necessary to defi ne the dimensions of the geometric pattern (or 
repeat) when preparing a cutting-marker for fabrics with a pattern-repeat. 

 Pattern-repeat dimensions are defi ned on the basis of initial repeat dimen-
sions, that is, repeat in the horizontal and vertical directions. It is expressed in 
mm, whilst a fabric with a pattern-repeat is defi ned by the dimensions of basic 
repeat (horizontal and vertical), with its distance from the selvedge  6   or the 

6      Selvedge  – The edge of a piece of cloth, resp. fabric edge, made strong in such a 
way that the threads will not come apart.  
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5.15      Defi ning repeat dimensions: (a) defi nitions; (b) example.  
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edge of the fabric (delta A and D), as well as by the dimensions of the auxil-
iary repeat (delta B, C and E). See  Fig. 5.15  (Rogale and Polanovi ć ,  1996 ).     

  5.6.3     Defi ning fabric width 

 Fabric width (i.e. the usable width for which the cutting-marker is planned) 
should be determined in detail prior to planning the cutting-marker. The 
maximum width of the cutting-marker is constrained by the usable width of 
the fabric. The usable width is the width of the narrowest place minus the 
width of any unusable selvedge (i.e. considered to be the fabric’s width with 
selvedge excluded – the net fabric width). Usable width can be equal to the 
net width of the smaller, for example, where a technological process causes 
fabric deformations parallel to the selvedge (i.e. resulting from tensile and 
thermal stresses in the process of heat-setting), producing unsmooth edges 
or a slightly wavy selvedge. Where the waves are dissipated towards the 
centre of the fabric width, usable width is smaller than net width, gener-
ally by the width of the deformation, which could seriously harm the cloth-
ing’s appearance if included in the cutting-marker (Ger š ak, 1997). When, 
for example, a jacket’s pattern-pieces are cut near the fabric’s selvedge, a 
wavy selvedge causes a signifi cant difference in the fabric, which is refl ected 
as visible transversal stripes on the back part of the jacket – in the seam of 
the fi nished article of clothing (see  Fig. 5.16 , Ger š ak, 1997).     

  5.6.4     Fabric dimensional stability 

 Fabric dimensional  7   stability is one of the most important parameters when 
defi ning a cutting-marker. Textile fabrics usually change dimensions in both 
directions, warpwise and weftwise in woven fabrics, or in the direction of 
wales and courses in knitted fabrics. It is necessary to establish fabric dimen-
sional stability, that is, shrinkage in both directions, as well as fabric surface 
shrinkage, which is due to the impact of heat when heat-setting and/or iron-
ing. Surface shrinkage  S  Sur  is an irreversible dimensional change and depends 
upon warpwise fabric shrinkage by length  S  L  and weftwise or transversal 
shrinkage  S  Tr , and can be calculated as follows (Latzke and Hesse,  1974 ):

   S S S
S S

Sur L TS r
L TS r

100
+SL −        [5.1]   

  7      Dimensional stability  is fabric dimensional change that occurs when fabrics are 
exposed to various infl uences from the environment, that is, heat and/or humid-
ity, or thermal–mechanical and chemical processes in use (Ger š ak, 2006). Fabrics 
shrink or elongate by length or width in wet fi nishing processes when heat, mois-
ture and pressure are applied, as well as in wear and care.  
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 where:
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5.16      Transversal streaks in the back area of the jacket seam (a and b) as 

a consequence of deformations, that is, fabric creasing in the selvedge 

zone.  
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 where:

    S  L      longitudinal shrinkage, or shrinkage in the direction of the warp, in %,  
   S  Tr      transversal shrinkage or shrinkage in the direction of the weft, in %,  
   l  0      the length before thermal treatment, in mm,  
   l  1      the length after thermal treatment, in mm,  
   w  0      the width before thermal treatment, in mm,  
   w  1      the width after thermal treatment, in mm.    

 When the longitudinal and transversal shrinkages are known, the surface 
shrinkage can be determined using the nomogram,  8   for example of warp-
wise fabric shrinkage  S  L  = 15% and weftwise shrinkage  S  Tr  = 20%, surface 
shrinkage  S  Sur  = 32%; see  Fig. 5.17  (Latzke and Hesse,  1974 ).    

 When the fabric surface shrinkage is known, it is necessary to change 
the pattern-piece dimensions, as shrinkage when heat-setting and/or ironing 

  8      Nomogram  [Lat. from Gr.  n ó mos  nomos; in compounds: law, regulation + -gram 
from Gr.  gr á mma, grammatos  letter; in compounds: notation, presentation (ana-
gram, diagram)]; also called a nomograph or alignment chart: a graphical method 
for exhibiting the value of a function of two independent variables.  
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 5.17      A nomogram used to determine fabric surface shrinkage.  
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could result in dimensional changes of garment pieces, and consecutively in 
changes in the actual garment size. The differences in dimension can be bal-
anced by adequate changes in pattern-piece dimensions, both in the direc-
tions of the warp and the weft, or longitudinal and transversal.  

  5.6.5     Fabric elasticity 

 Fabric elasticity  9   is an important parameter, which plays a key role partic-
ularly when constructing patterns for tight-fi tting garments, in respect of 
changing pattern-piece sizes for garments such as bathing suits, corsets and 
wear for cyclists. It is well known that successfully adapting the garment 
to the contours of a body in motion, and thus to the related dimensional 
changes of body surface, depends on the type and properties of the fabric 
used and the garment’s construction. To ensure the necessary properties of 
tight-fi tting garments, such as swimsuits and trunks, wear for cyclists, etc. (e.g. 
balancing comfort with performance), it is necessary to be familiar with the 
force with which the body acts on the garment and the mechanical response 
of the materials comprising the garment in question, and the relationship 
between the two. Adapting an initial pattern of a tight-fi tting garment is 
often done by decreasing the pattern-pieces. The garment pattern-pieces 
are often, in practice, reduced by subjectively evaluating fabric elasticity, 
using only a manual elongation test  10  . 

 Objective evaluation of a fabric’s mechanical behaviour takes into 
account its tensile–elastic properties that are exhibited in one-dimensional 
loading, primarily longitudinal, in the direction of wales, and in the transver-
sal direction, that is, in the direction of the courses. In order to determine a 
fabric elasticity within this range suitable to offer adequate garment adjust-
ment to body form, the measuring load mentioned above should not sig-
nifi cantly exceed the loads occurring during wear. As garments are exposed 
to repeated loadings during wear, it is advisable to use a tensile test for the 
multiple loading and the removing of the load at constant measuring load in 
order to determine the load in wear (based on DIN 53 835 T14: 1981). This 

     9      Elasticity  is the property whereby a body tends to recover its original dimensions, that 
is, shape and size after a deformation. Elasticity is the degree to which the fabric can be 
stretched and still be able to return to its original length after the stretching force is removed. 
A key word in this defi nition is ‘recovery’. Elastic recovery is an important aspect of textile 
durability. It is necessary for shape retention in both stable and stretch textiles.  

  10      Elongation  is the ability of a textile to extend when subjected to mechanical forces, particu-
larly tensile, shear, bending, and/or compression forces. It is the degree to which the fabric 
can be strectched without breaking or rupturing the fabric. Elongation is also a component 
of stretch and plays important roles in body-movement comfort and in shape retention – an 
aesthetic aspect of textiles.  
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test is designed to determine fabric elongation, that is, elastic deformation at 
cyclic loads, caused by tensile force per unit length. 

 In order to evaluate elastic properties of a fabric, wearing tests will 
determine the necessary load to match adequate garment fi t with required 
comfort during wear. Investigations have shown that the feeling of com-
fort when wearing tight garments is reached at fabric elongation occurring 
at a load of 1.5 or 2.0 N (5 cm) −1  (Krzywinski  et al .,  2002 ; Dervari č   et al ., 
 2003 ). Krzywinski suggests that when constructing patterns for tight-fi tting 
garment models, the so-called ‘elasticity factor’ be respected (Krzywinski 
 et al .,  2002 ; Krzywinski,  2005 ), which is calculated from the elongation 
value obtained from a stress–strain diagram  F (  ε  ) at the fi fth cycle of loading 
( Fig. 5.18 ).  Table 5.1  offers the equations necessary for calculating elasticity 
factors for fabrics that contain elastane fi bres.  11         

 The calculated values for a fabric’s elasticity factor are included in the 
rules of construction in the form of x-values, which enable quick and fl exible 
fabric parameter changes (Krzywinski  et al .,  2002 ). As some garment pieces 
require lower values of fabric elasticity (i.e. shoulders, armholes, etc.), the 
so-called reduced elasticity factor is used for these pattern-pieces. 

 Changes to pattern-pieces in respect of the requirements for tight-fi tting 
models can also be determined through the knowledge of the fabric elastic 

  11      Elastane fi bres  are synthetic fi bres composed of linear macromolecules. They contain not 
less than 85% of segmented polyurethane, which is in turn composed of aliphatic polyes-
thers, or polyethers (soft range) and polyurethane segments (hard range). Soft ranges com-
pose long, non-oriented fl exible chains, which give high elongation properties to the elastane 
fi bre (Gries,  2005 ). Elastane fi laments possess high elongation, between 300% and 700%, 
and excellent elastic return. From the construction point of view, they can be wrapped yarns, 
core-spun yarns, air-entangled or core-twist yarns. Fabrics including elastane are character-
ised by high elongation and elasticity (Gries,  2005 ).  
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 5.18      Stress–strain diagram at cyclic loads.  
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recovery value  e   w  , as a ratio of the recovered (i.e. elastic deformation)   ε    e   and 
total deformation   ε    t   expressed as (Morton and Hearle,  1993 ; Ger š ak, 2006):

ew
e

t

=
ε
ε

        [5.11]   

 The appropriate elasticity factor  f   e   should be determined when taking into 
account modifi cations to the pattern-pieces, both longitudinally and trans-
versal, as they relate to the value for elastic recovery. Such an elasticity fac-
tor ensures proper adaptation of the model to the required comfort during 
wear and does not allow excess elongation of the material used for a par-
ticular article of clothing (e.g. the material in a bathing suit in a wet state 
stretches due to the mass of water absorbed).  

  5.6.6     Positions of pattern-pieces within a cutting-marker 

 The positions of the pattern-pieces within a cutting-marker play an impor-
tant role, when regarding the quality of the fi nished garment as a whole. This 
is why it is necessary to precisely defi ne the positions of the pattern-pieces 
in a cutting-marker, during the process of defi ning cutting-marker param-
eters. The positions depend upon:

   fabric surface structure;  • 
  pattern or repeat type and the desired result in the fi nished garment; and  • 
  cutting requirements, that is, manner of cutting-lays into garment pieces.    • 

Table 5.1     Equations to calculate elasticity factors for fabrics containing elastane 

 Elongation in % 

at the load of 2 N/5 cm 

 Elasticity factor 

 Longitudinal  Transversal 

 From 0 to 15 
 fLff =

+
1

1 lε
  [5.4]  fTrff

Tr

1

1
=

+ ε
  [5.8] 

 From 16 to 30 

 fLff =
+ ( )

1

1 ε1 2
  [5.5] 

 From 31 to 40 

 fLff =
+ ( )

1

1 ε1 3
  [5.6] 

 Above 40 

 fLff =
+ ( )

1

1 ε1 4
  [5.7] 

 Reduced elasticity factor 

 fL rff ed

1

1
=

+ ( )ε1 2
  [5.9]  fTrff red

Tr

1

1
− =

+ ( )ε 2
  [5.10] 
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 Fabric surface structure and texture have an impact on the positions of the 
pattern-pieces within a cutting-marker. The pattern-pieces normally carry a 
grain line. The grain line generally should lie parallel to the line of the warp 
in a woven fabric or the wales in a knitted fabric. Many fabrics can be turned 
around (through 180°) and retain the same appearance, and these are des-
ignated as ‘either-way’ or ‘symmetrical’. They require no special action on 
the part of the cutting-marker planner. More restricting are fabrics known 
as ‘one-way − either-way’ or ‘asymmetrical’. In this case, if a ply of fabric is 
turned around it does not retain the same appearance, especially when two 
pattern-pieces with opposite ways are sewn together. This requires special 
cutting-marker planning and means that all pattern-pieces of an individ-
ual garment should lie in the same direction. Examples of such fabrics are 
those with a nap or pile that is brushed in one direction and whose surface 
refl ects the light differently, knitted fabrics where the loops of the wales 
always point in the same direction, and fabrics with an asymmetrical surface 
structure that does not run the same way, all of which require one-direction 
positioning only. 

 As mentioned earlier, the position of pattern-pieces in a cutting-marker 
are also limited by fabric pattern or repeat – see  Fig. 5.7 . In order to ensure 
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 5.19      Correction allowance for the pattern-repeat on pattern-piece 

contours. (a) Symmetrical or centred allowance and (b) asymmetrical 

allowance.  
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precise pattern-repeat matching in the fi nished garment, a length of fab-
ric is usually added, known as a correction allowance, which enables the 
necessary shift of pattern-pieces to match the fabric pattern precisely. This 
allowance to the pattern-piece’s contours can be symmetrical (centred) 
or asymmetrical, as shown in  Fig. 5.19 . Its size depends upon the size of 
pattern-repeat;  Fig. 5.20 .       

 The positions of the pattern-pieces in a cutting-marker are also defi ned 
by the requirements of the cutting process, taking into account the direction 
of the contour of the pattern-piece. To ensure precise cutting, the direction 
of cutting and the movement of the cutting-head must be optimised. Two 
basic rules should be obeyed to prevent vacuum losses:

   1.     The primary rule is that the cut part should be removed from the left to 
the right side.  

  2.     The secondary rule is that the smaller part should be removed fi rst.    

 Cutting quality is, to a great extent, dependent on the effi caciousness of 
the vacuum applied on the cutting-lay. Smaller parts are cut fi rst (which 
ensures the cutting-lay fi xes properly to the nylon bristles which support 
the fabric lay), and the bigger parts are cut later. Cutting is performed in 
a clockwise direction, so all the pattern-pieces are cut in the same direc-
tion – see  Fig. 5.21a . When the cutting-plies are laid the same way up, defor-
mations of the garment pieces can occur, due to the force the knife blade 
exerts on the layers (particularly in the case of elastic fabrics and fabrics 
of low air permeability, as this reduces the effi caciousness of the vacuum, 
which means the lays are not properly fi xed).    

 Deformations occur as control-incisions shift on the parts cut. For example, 
on a pair of trousers, the beginning of the right front-leg part cut is in the area 

Front right part

Button tape

Front left part

R = 85 mm

Front right part

Front left part

Button tape

R = 95 mm

5.20      Pattern-piece position as related to pattern-repeat size.  
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of the upper part of the side seam. The forces exerted by the knife blade can 
move the knee control incision by as much as 2 mm. Contrary to this, the 
beginning of the left front-leg cut, which is also cut clockwise, is in the upper 
seat. The knee control incision can again shift by 2 mm, but in the opposite 
direction to that of the right leg. This means that the departure of control inci-
sions from where they should be to where they end up is 4 mm, which is quite 
unacceptable from a quality point of view. These technology-caused deforma-
tions often require an optimisation of the cut at the left and right parts of the 
garment; see  Fig. 5.21b . The distances between the individual pattern-pieces 
in a cutting-marker should be determined, having in mind their positions, 
fabric type, and the technological requirements and conditions of cutting.   

  5.7     Technological requirements when arranging 
pattern-pieces within a cutting-marker 

 Cutting-marker planning is a conceptual, intuitive, open and creative pro-
cess. Pattern-pieces are arranged in a cutting-marker with regard to a prede-
termined fabric width (or, if leather is concerned, with regard to the surface 
of a particular leather,  Fig. 5.22 ), whilst cutting-marker length depends on 
the combination of single or multiple garment sizes in the cutting-marker.    

 It is generally true that the pattern-piece’s position in a cutting-marker is 
defi ned in relation to the groups of fabrics, which differ by:

   the type of pattern (plain colour, striped, checked); and  • 
  their orientation (with respect to surface nap, asymmetric surface texture).    • 

36 36 36 36

 5.21      Co-directional and symmetrical cut of the left and right parts: (left) 

clockwise cut; (right) symmetrical cut.  
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 From the point of view of technological requirements, pattern-pieces are 
arranged in a cutting-marker in the direction of the warp yarns (woven) 
or courses (knitted). Exceptions are made when special effects are sought 
regarding the structure and type of fabric pattern (fabrics with pattern 
repeats, with checked patterns, and striped fabrics). This is why particular 
pattern-pieces are laid at a specifi c angle in relation to the warp yarns, which 
for checked fabrics is 45°, and for striped fabrics 90°. 

(a)

(b)

5.22      Position of pattern-pieces in the case of a cutting-marker on 

leather (a and b).  
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 To determine and fulfi l the quality requirements of a particular model, it 
is also necessary to ensure pattern matching, especially in the areas of:

   the back part of the collar;  • 
  the front-part of the sleeves; and  • 
  pockets, etc.    • 

 Features of accurate pattern matching (Eberle  et al .,  1993 ,  2002 ) include:

   symmetry: the pattern must be symmetrical around the central axis (e.g., • 
left and right front panels, collars and backs);  
  vertical continuity: the pattern must not be interrupted or displaced at • 
horizontal seams (e.g., pockets);  
  vertical continuity: the pattern must not be interrupted or displaced at • 
vertical seams or across adjacent parts (e.g., arm and front panel); and  
  overall continuity: the form and repeat of the pattern must be main-• 
tained across all seams, facings, trimmings, patches, etc.    

 Quality requirements regarding pattern matching, using the example of a 
woman’s dress, can be seen in  Fig. 5.23 .     

  5.23      Quality requirements for matching pattern-repeat.  

Crosswise pattern
matching at the
front part of the 
sleeve
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tch regardlessmat
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  5.8     Cutting-marker efficiency 

 When arranging pattern-pieces into a cutting-marker its degree of utilisa-
tion should be considered, to avoid the considerable fabric losses that occur 
when arranging pattern-pieces. These cannot be completely eliminated, 
but can be reduced by optimising the cutting-marker. All the elements that 
compose a cutting-marker should be precisely defi ned in order to analyse 
cutting-marker utilisation, as well as the elements present when cutting lays 
into garment parts. 

 The elements that defi ne the cutting-marker’s degree of utilisation are:

   the cutting-marker’s net surface, that is, the surfaces of all the pattern-• 
pieces of single or multiple models, arranged in the cutting-marker;  
  the cutting-marker’s gross surface, that is, the surface upon which all the • 
pattern-pieces of single or multiple models are arranged; and  
  intercutting losses, representing the waste generated by placing the • 
pattern-pieces into a cutting-marker; in effect, the difference between 
the gross and net surface of the cutting-marker.    

 Cutting-marker utilisation can be calculated using the following expression:

I
A
A

N

G
c-mar 100= ×N         [5.12]   

 where:

A L wG ⋅Lc-mar cw -mar         [5.13]   

 whilst intercutting losses are calculated as follows:

I
A A

A
G NA

G
IL 100= ×         [5.14]   

 where:

I  c-mar      – cutting-marker utilisation, in %,  
A   N       – cutting-marker net surface, in cm 2 ,  
A   G       – cutting-marker gross surface, in cm 2 ,  
I  IL      – intercutting losses, in %,  
L  c-mar      – cutting-marker length, in cm,  
w  c-mar      – cutting-marker width, in cm.    

 Cutting-marker utilisation has a considerable impact on the materials’ costs, 
which are a component of manufacturing, and are of key importance in 
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materials management. Cutting-marker utilisation depends on the follow-
ing main elements:

   model type and shape;  • 
  garment size;  • 
  fabric type (plain colour, fabrics with oriented surface structure, fabrics • 
with pattern-repeat, symmetric or asymmetric, pattern-repeat size);  
  fabric width; and  • 
  cutting-marker type (whole, half, single-size, multi-size).    • 

  5.8.1     The impact of model type and shape on 
cutting-marker utilisation 

 Cutting-marker utilisation is directly infl uenced by model type and shape, 
as well as by the structures of the associated pattern-pieces. Generally, prod-
ucts can be divided into three broad categories (Tyler,  1991 ):

   1.     Relatively simple products or models;  
  2.     Products with a large number of small parts; and  
  3.     Products with relatively large parts that fi t in multiples across the width.    

 The category of relatively simple products or models includes towels, set 
covers for furniture and cars, as well as some other similar products with 
rectangular pattern-pieces. Cutting-marker utilisation for such products 
approaches 100%. As pattern-pieces are rectangular, or nearly so, a grow-
ing number of pattern-pieces, for example, two or three units, does not 
mean a higher degree of cutting-marker utilisation. Utilisation remains 
approximately the same, as the number of possible combinations in the 
pattern-pieces arrangement does not change with an increased number of 
pieces (Tyler,  1991 ). 

 The category of products with a large number of small parts includes 
men’s suits, shirts, and some blouses. Cutting-marker utilisation increases 
with an increased number of pattern-pieces because the numerous small 
pieces offer, with an increased number of garments or garment sizes, more 
options for their arrangement in the cutting-marker. 

 The category of products with relatively large parts includes men’s and 
women’s trousers, some dresses, sweatshirts, and similar products. These 
products are characterised by large parts, which correspond to multiple fabric 
widths, or a multi-size cutting-marker. The large rectangular pieces demand 
the whole fabric width, whilst smaller ones are arranged in the ‘waste’ 
spaces generated when placing the larger pieces. As the number of small 
pieces is limited, the cutting-marker is determined by fabric width, and the 
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number of garments or garment sizes within the evaluated cutting-marker. 
Optimal cutting-marker utilisation for this category of products can be pri-
marily achieved by trying various combinations in practice, as the utilisation 
depends on the fabric, respective of the cutting-marker width and the num-
ber of garments or garment sizes.  

  5.8.2     The impact of garment size and fabric width on 
cutting-marker utilisation 

 Cutting-marker utilisation is directly impacted by garment size and the com-
bination of garment sizes within the cutting-marker, the structure of associ-
ated pattern-pieces, as well as fabric width. Cutting-marker utilisation, as a 
function when combining garment sizes for two different trouser models, is 
shown in  Table 5.2 , whilst the impact of fabric width on cutting-marker utili-
sation can be seen in  Table 5.3 . The results show that a higher fabric width 
results in better cutting-marker utilisation and the tests indicate that the 
best cutting-marker utilisation for trousers is achieved with a fabric width of 

 Table 5.2     Cutting-marker utilisation depending on model type and garment size 

(example for trousers) 

 Designation  Cutting-marker  Pattern-

pieces 

number 

 Fabric 

required 

per unit 

  L  m /cm 

 Model  Cutting-

marker 

 Width 

  w  c-mar /cm 

 Garment 

size 

combination 

 Length 

  L  c-mar /cm 

 Utilisation 

  I  c-mar /% 

 M01  CM01  150  38 + 40  180  81.55  14  179 

 CM02  36 + 42  180  81.75  14 

 CM03  34 + 38  177  78.27  14 

 M02  CM04  150  38 + 40  230  73.35  7  231 

 CM05  36 + 42  235  71.84  7 

 CM06  34 + 38  228  69.46  7 

 Table 5.3     Cutting-marker utilisation depending on fabric width (in the case of 

trousers) 

 Cutting-marker 

 Designation  Width 

  w  c-mar /cm 

 Garment size 

combination 

 Length 

  L  c-mar /cm 

 Utilisation 

  I  c-mar /% 

 CM01  147  50 + 52  143  80.65 

 CM02  148  50 + 52  140  81.81 

 CM03  149  50 + 52  137  82.84 

 CM04  150  50 + 52  135  83.77 
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150 cm. Optimal fabric width depends upon the garment type, model type, 
and pattern-pieces structure, and can be determined primarily by trials.        

  5.8.3     The impact of the fabric type and pattern size 
on cutting-marker utilisation 

 The type of fabric used also plays an important role when arranging 
pattern-pieces into a cutting-marker. Having in mind the technological 
requirements when arranging pattern-pieces, the best cutting-marker util-
isation is achieved with single-colour fabrics, followed by fabrics with an 
oriented surface structure, which require pattern-pieces to be arranged in 
one direction.  Table 5.4  shows the impact of different methods for arrang-
ing pattern-pieces, that is, in single and two directions for various combina-
tions of garment sizes, on the degree of cutting-marker utilisation (using an 
example of trousers).    

 Cutting-marker utilisation depends on the type of model and the possi-
bilities of including pattern-pieces in the cutting-marker. The type of fabric 
pattern and pattern-repeat size directly impact the degree of cutting-marker 
utilisation. Asymmetrical patterns require pattern-pieces to be arranged in 
one direction, which additionally impacts cutting-marker utilisation. The 
degree of utilisation depends on the type of fabric pattern (single-coloured, 
striped, checked) and pattern-repeat size, and can be seen in  Table 5.5  and 
 Fig. 5.24 , which also shows that cutting-marker utilisation decreases with an 
increasing pattern-repeat size.        

 Table 5.4     Cutting-marker utilisation as related to the type of garment size and the 

method of arranging pattern-pieces into the cutting-marker 

 Cutting-marker  Fabric 

consumption 

per unit 

  L  m /cm 

 Methods of 

arranging 

pattern-pieces  Designation  Width 

  w  c-mar /cm 

 Garment size 

combination 

 Length 

  L  c-mar/ cm 

 Utilisation 

  I  c-mar /% 

 CM01  148  50 + 52 

 54 + 56 

 58 + 60 

 492  76.41  165  Unidirectional 

pattern-piece 

arrangement 

 CM02  100 + 104 

 108 + 112 

 116 + 120 

 514  76.20  172 

 CM03 
 148 

 50 + 52 

 54 + 56 

 58 + 60 

 448  83.90  150  Bidirectional 

pattern-piece 

arrangement 

 CM04  100 + 104 

 108 + 112 

 116 + 120 

 464  84.27  156 
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  5.8.4     The impact of cutting-marker type on its 
utilisation degree 

 Besides model type, fabric width, fabric pattern and pattern-repeat size, the 
degree of cutting-marker utilisation is, to a considerable extent, infl uenced 
by the optimal composition of the cutting-marker, as determined through 
its structure (whole or half) and defi ned by the combination of garment 
sizes. Obviously, absolute values cannot be known in advance, but they can 
be precisely determined for particular types of garment models. It should 
be clear in advance the number of garment size units that can and cannot 
be advantageous. 

 Practical experience says that two units of the same or different garment 
sizes offer better utilisation than three, four better than two, fi ve worse than 
four, six better than four, etc. It should be noted that optimising is possi-
ble for every garment type and differs signifi cantly from one example to 

Table 5.5     Cutting-marker utilisation depending on the type of fabric pattern and 

pattern-repeat size 

 Cutting 

pattern 

designation 

 Fabric 

 pattern 

type 

 Pattern-repeat size  Cutting-marker 

utilisation 

 I  c-mar /%  Horizontal  l   h  /mm  Vertical  l   v  /mm 

 CM01  Plain colour  0  0  77.37 

 CM02  Striped  14  0  73.38 

 CM05  Checked  5  5  72.93 

 CM04  Checked  14  34  68.48 

 CM03  Checked  31  35  64.15 
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5.24      Cutting-marker utilisation depending on pattern type and fabric 

pattern horizontal size.  
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another. An example of utilisation for a single-size and multi-size (equal 
size) cutting-marker for a man’s shirt can be seen in  Table 5.6 , whilst a wom-
an’s coat, as an example of the same size, is represented in  Table 5.7 .         

  5.9     Fabric losses outside the cutting-marker 

 Although fabric consumption is more or less determined by the cutting-
marker, the losses outside the cutting-marker are highly important from 
the point of view of materials management. They are associated with fabric 
spreading  12   into cutting-lays, and can be divided into (Tyler,  1991 ):

   direct fabric losses; and  • 
  indirect fabric losses.    • 

  5.9.1     Analysis of direct fabric losses 

 Direct fabric losses include:

   losses at the ends of the cutting-ply;  • 
  losses along the cutting-ply length;  • 

 Table 5.7     Utilisation of single-size and multi-size cutting-marker for a woman’s 

coat 

 Cutting-marker  Average fabric 

consumption 

per unit 

  L  m /cm 

 Designation  Width 

  w  c-mar /cm 

 Garment sizes 

combination 

 Length 

  L  c-mar /cm 

 Utilisation 

  I  c-mar /% 

 CM01  148  38  283  70  283 

 CM02  148  44  305  70  305 

 CM03  148  38 + 44  504  81  252 

  12      Spreading  – means the smooth laying out of the fabric in superimposed layers (plies) of 
specifi ed length.  

 Table 5.6     Utilisation of single-size and multi-size cutting-marker for a man’s shirt 

 Cutting-marker  Average fabric 

consumption 

per unit 

  L  m /cm 

 Designation  Width 

  w  c-mar /cm 

 Garment size 

combination 

 Length 

  L  c-mar /cm 

 Utilisation 

  I  c-mar /% 

 CM01  88  42  238  83  238 

 CM02  88  42 x 2  449  88  225 

 CM03  88  42 x 4  875  90  219 
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  end of piece losses; and  • 
  splicing losses and fabric faults.    • 

 Losses at the ends of cutting-plies ( Δ  L ) are those losses that appear as fabric 
allowances at the ends of each ply. These losses are illustrated in  Fig. 5.25 .    

 The necessary fabric allowance, as a result of fabric instability and the elas-
tic properties of the woven or knitted fabrics used, is between 10 and 20 mm 
at each end of the cutting-ply, or 20–40 mm per cutting-ply. Some stable fab-
rics may permit smaller allowances and some unstable fabrics may require 
more. This kind of fabric loss at each end of the cutting-ply represents 0.25–
0.5% for a cutting-lay of 8 m, whilst for a cutting-lay 4 m in length the losses 
are between 0.5% and 1.0%. Allowance size depends upon the fabric type 
and its properties.  Table 5.8  shows an example of the percentage allowance at 
each end of the cutting-plies for fi ve analysed work orders, during the manu-
facture of knitted garments.    

 Losses along cutting-ply length ( Δ  w  loss ) are the losses that occur due to 
the difference between actual and usable fabric widths. The starting point 
for determining cutting-marker width should always be the usable fabric 
width. It depends on selvedge quality, fabric width stability, and adequate 
material control when spreading, for example, correct alignment of the sel-
vedge. The cutting-marker is usually 2–3 cm narrower than the actual fab-
ric width, meaning it equals the fabric width without selvedge. This is true, 
provided the fabric width without selvedge is the same as its usable width. 
 Table 5.9  offers a review of the percentage loss along the cutting-plies for 
fi ve analysed work orders concerning knitted garments.    

 Losses due to fabric remaining in the roll, for example, end of piece losses, 
concern the fabric remaining in the rolls after laying it into cutting-lays. This 
type of loss can vary signifi cantly, because the fabric length is generally not an 
exact multiple of the cutting-ply length. If cutting-markers are rather short, 
and the fabric rolls rather long, the percentage loss is usually insignifi cant. 
For example, if a blouse is cut with a cutting-marker 150 cm long from a roll 

ΔL ΔWL pc-plyy Lc marc-mar

Wc-ply

WWWc-mar

5.25      Fabric losses outside the cutting-marker.  
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 Table 5.8     A review of losses as fabric allowances at the each end of cutting-plies 

for the analysed orders of knitted garments 

 Designation  Cutting-marker  Cutting-lay 

 Work-order  Model  Designation  Garment size 

combination 

 Length 

  L  c-mar /cm 

 Length 

  L  c-lay /cm 

 Loss 

percentage 

 Δ  L  loss /% 

 D1  M01  CM01–1  52, 54, 56  735  740  0.68 

 D2  M02  CM02–2  50, 52, 54, 56, 58  605  610  0.83 

 CM02–3  50, 52, 54, 56  464  469  1.08 

 D3  M03  CM03–4  52, 54, 56  697  702  0.72 

 CM03–5  50, 58  484  489  1.03 

 D4  M04  CM04–6  102, 126, 162  430  435  1.16 

 CM04–7  114, 138, 150, 156  774  779  0.64 

 D5  M05  CM05–8  114, 138, 162  417  422  1.19 

 CM05–9  102, 126, 150, 156  459  464  1.09 

 Table 5.9     A review of the percentage fabric loss along the cutting-plies, for fi ve 

analysed work orders concerning knitted garments 

 Work-order  Model 

name 

 Cutting-market  Cutting-lay 

 Designation  Garment size 

combination 

 Width 

  w  c-mar /cm 

 Width 

  w  c-mar /cm 

 Loss 

percentage 

 Δ  w  loss /% 

 D1  M01  CM01–1  52, 54, 56  147  153  5.08 

 D2  M02  CM02–2  50, 52, 54, 56, 58  191  204  6.81 

 CM02–3  50, 52, 54, 56  191  204  6.81 

 D3  M03  CM03–4  52, 54, 56  156  160  2.56 

 CM03–5  50, 58  156  160  2.56 

 D4  M04  CM 4–6  102, 126, 162  140  145  3.57 

 CM04–7  114, 138, 150, 156  140  145  3.57 

 D5  M05  CM05–8  114, 138, 162  140  145  3.57 

 CM05–9  102, 126, 150, 156  140  145  3.57 

of 120 m, the fabric loss remaining in the roll will be less than 75 cm, which 
is below 0.6%. However, if a garment is cut with a cutting-marker length 
of 270 cm from a roll of 45 m, some 135 cm of the fabric will remain in the 
roll, which is as much as 3%. Losses can be reduced through optimisation. 
However, optimisation when cutting and minimising the fabric remaining on 
the roll does not make much sense if a fabric with mistakes is processed or if 
the differences in length among the individual rolls are considerable.  

  5.9.2     Analysis of indirect fabric losses 

 Indirect fabric losses include:

   losses due to fabric remaining in rolls as a result of creases or some other • 
fabric deformations in the roll;  
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  losses occurring during cutting-marker making; and  • 
  losses due to differences in fabric roll-length.      • 

  5.10     Determining fabric consumption 

 When the cutting-marker elements are known, as well as the direct and 
indirect fabric losses outside the cutting-marker (fabric losses when 
cutting), the fabric consumption can then be calculated for a particular 
cutting-ply:

L L L k Lm =L +kc-ply cL -mar loss Δ     [5.15]   

 or for a cutting-lay:

L n L n L k Lmc-lay cn L -ply c-mar lk oss⋅n ⋅n +klk oss( )Δ     [5.16]   

 where:

L   m        theoretical fabric consumption, in cm,  
L  c-ply      cutting-ply length, in cm,  
L  c-mar      cutting-marker length, in cm,  
Δ  L       losses at the ends of cutting-ply, in cm (see  Fig. 5.25 ),  
k  loss      coeffi cient expressing fabric losses when cutting,  
n      number of cutting-plies in cutting-lay,  
L m c-lay        fabric length in the cutting-lay, in cm.    

 The coeffi cient  k  loss , describing fabric losses when cutting, can be calculated 
as follows:

   k k k kloss re fa de+kre         [5.17]   

 where:

    k  re       coeffi cient describing fabric loss due to the fabric remaining on the 
roll, in %,  

   k  fa       coeffi cient describing fabric loss due to overlapping cutting-plies 
with a fault, or due additional cutting parts with a fault in/on the 
fabric, in %,  

   k  de       coeffi cient describing fabric loss due to additional cutting of dam-
aged or destroyed garment parts, in %.    

 The total fabric consumption for a work-order is determined regarding the 
cutting-lays structure, using the following expression:

   L L L L Lm m m m
i

N

itot c-lay c-lay c la cLmLmyN lay

1

+LmL c lay =
=
∑1 2

    [5.18]   

�� �� �� �� �� ��



142 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

 or having in mind the number of garment sizes in a particular cutting-lay:

  
 L L f K L f K L fmtot c-mar ff cff -mar c-marN cff⋅L +K ⋅f ⋅1 fff⋅ 1 L+ 2 2K -mar-- N N loss⋅ )( +K kN ) ⋅ n L⋅cp   

  [5.19]   

 where  f  c-mar  is the factor of cutting-marker structure, relating to the number 
of garment sizes in the cutting-marker, calculated as:

   f
nc-maff r

os

1
=         [5.20]   

 whilst the average fabric consumption for an article of clothing can be cal-
culated using the following expression:

  
 

L
L f K L f K L f
m =

( ⋅f ⋅L +K + Lc-maff r1 1 c+ L -mar2 ff 2KK c-maff rNNN

tot

⋅ ) +lK k)⋅ n L⋅
K

closN s) +loss n pc

N

 
 

  [5.21]   

 where:

   Lm          average fabric consumption for the article of clothing, 
in cm  

      Lmc-layi
   fabric length in the  i th cutting-lay ( i  = 1, 2, 3, …,  N ), in cm,  

   K   N  tot       total number of garments in the work-order, as pieces,  
  N      total number of cutting-lays,  
   n  cp       total number of cutting-plies,  
   Δ  L       losses at the ends of cutting-ply, in cm,  
   k  loss      coeffi cient describing fabric losses when cutting,  
   f  c-marN      factor describing cutting pattern structure,  
   n  os        the number of garment sizes in the cutting-marker, as 

pieces,  
   K  1 ,  K  2 , …,  K   N        the number of articles of clothing in the cutting-lay, as 

pieces.    

 Fabric loss occurring as an allowance,  Δ  L , at the initial and end parts of a 
cutting pattern, depend on the fabric type and its properties, and are deter-
mined according to fabric stability, whilst the coeffi cient  k  loss , which describes 
fabric loss when cutting is determined, is based on the statistical analysis of 
actual fabric losses during cutting-processes.  
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  5.11     Conclusions 

 Clothing-design analysis and activities planning with regard to construct-
ing garment patterns, pattern making and cutting is, in effect, that part of 
production planning that connects design to production by defi ning all the 
components, such as fabric, lining and interlining, that have to be cut for 
a piece of clothing, within specifi ed parameters. It is a key element in the 
organisation of preproduction activities of clothing manufacture. Apart 
from defi ning and directing preproduction activities, clothing-design analy-
sis is involved in the engineering work and optimisation required, and is 
one of the preconditions for assuring the effi ciency and stability of the basic 
 product manufactured. 

 This aspect of production planning defi nes how the task – the new product – 
will be done and under what conditions (i.e., the technical criteria). However, 
we cannot ignore the quality assurance function, which attempts to ensure that 
the product scope, cost, and time function are fully integrated into the com-
plete process of clothing-design analysis and activities planning, and this will 
be addressed in a later chapter.  
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 Planning clothing manufacturing   

   DOI : 10.1533/9780857097835.145 

  Abstract : This chapter analyses clothing manufacture, work methods, and 
planning, linking construction, engineering and technology. The chapter 
begins with the general requirements of planning clothing manufacturing, 
and analysis of clothing manufacture, selecting appropriate processing 
equipment in view of the characteristics of sewing machines, work 
methods, and elements composing the standard time it takes to perform 
a task. Against this background, the planning of manufacturing activities 
is explained, including the sewing-operation plan, planning clothing 
assembly, and process system. Finally, planning clothing manufacturing 
processes that play an important role during process management are 
discussed. 

  Key words : clothing manufacturing, planning, work analysis, work 
methods, sewing stitch, sewing seam, sewing machines, welding techniques, 
standard time, sewing-operation plan, manufacturing process systems, 
sewing process plan. 

    6.1     Introduction 

 In  Chapter 4  we described the role and functions of clothing production 
planning, and defi ned the necessary technical key documentation and qual-
ity requirements for manufacturing.  Chapter 5  introduced the fi rst stage of 
clothing production planning, including garment pattern construction, grad-
ing, preparing cutting-markers and determining material consumption. In 
this chapter we will look at clothing manufacturing planning, which includes 
analysis of clothing manufacture and selection of appropriate equipment, 
work methods, types of sewing machines in terms of their technical charac-
teristics, determining standard time when planning manufacturing opera-
tions, and clothing manufacturing processes. 

 Clothing manufacturing activities planning occupies – as a link to 
 construction, engineering and technology – a central position in the 
manufacturing process. Its task is not only to defi ne requirements for the 
manufacture and assembly of a product, but also to shape production plan-
ning, as infl uenced by quick changes in the fi eld of new materials, technol-
ogies, and scientifi c knowledge, so as to enable the continuous, effi cient 
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production of high-quality garments. The planning process should study, 
in detail, the processing abilities and specifi c requirements of particular 
fabrics, and then use that knowledge to defi ne the requirements for the 
manufacturing and assembling of the products, with a view to developing 
adequate methods and procedures for performing high-quality, fl exible and 
cost-effective  manufacturing processes, as well as determining the time nec-
essary to perform them. 

 Today, companies are under tremendous pressure to rapidly introduce 
new products into the marketplace because existing product life cycles 
are becoming shorter. Therefore, the best way of reducing or minimising 
risk for an organisation is to carry out better planning than they have ever 
accomplished in the past. Because of inherent differences in the models and 
fabrics used, combined with numerous manufacturing processes, increasing 
requirements for quality, uniqueness, and individuality of garments, as well 
as the need to shorten manufacturing and delivery-time and reduce costs, 
manufacturing activities planning plays an important part in achieving a 
position within market competitiveness, and mass customisation. 

 Mass customisation is a type of manufacturing system that combines 
sensitivity to customer preferences with standardisation of processes, and 
therefore seeks to combine fl exibility, low costs and high quality. Mass cust-
omisation is a hybrid of mass production and customisation (Lee and Chen, 
 2000 ) and in his book,  Mass Customization , B. J. Pine II defi nes it as ‘ the mass 
production of individually customized goods and services ’ (Pine,  1993 ). He 
states that a prerequisite of implementing mass customisation is the appli-
cation of advanced technology, such as the fl exible manufacturing system, 
computer-integrated manufacturing, computer-aided design, and advanced 
computer technology. 

 The goals of this strategy of adapting to the user are the development, 
manufacture, and sales and distribution of products at acceptable prices, and 
creating the required variety and individualisation of the products, whereby 
almost every customer can fi nd what he or she wishes to buy. Mass customi-
sation is seldom encountered within the clothing sector, but exists within the 
wider clothing industry. To utilise mass customisation, manufacturing pro-
cesses must be fl exible, and to be fl exible, every step in the manufacturing 
process must be able to react quickly to changes in product design and to 
changes in consumer interests and needs. In addition, the clothing industry 
might need special assembly design rather than work-in-process (Lee and 
Chen,  2000 ). 

 To strengthen competitiveness in the global textiles and clothing industry, 
companies need to effectively build and sustain strategies for new prod-
uct development. Generally, consumers want more variety and more direct 
input into the options that are available, and mass customisation, combined 
with innovative technologies, has become a key business strategy for new 
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product development (Lim  et al .,  2009 ). J. P. Gownder and A. Corbett of 
Forrester Research have, in a paper entitled ‘It’s Time For Mass-Customized 
Clothing and Apparel Products’, presented three challenges that need to be 
overcome to succeed (Gownder and Corbett,  2011 ). Key steps of the mass-
customisation success are:

   Step 1: Empower your customers with design assistance.  • 
  Step 2: Focus on fi t before style.  • 
  Step 3: Create a concise and simple confi gurator.    • 

 The fact that a variety of major brands, such as Kraft, Hallmark, M&Ms, 
Wrigley, Nike, Keds, Ford, and many others, have recently introduced impor-
tant mass customised product offerings (Gownder,  2011 ) demonstrates that 
now is the time for product strategists in all industries to consider adding 
mass customisation – including true build-to-order products – to their prod-
uct portfolios. 

 As opposed to mass customisation, requirements for individualisation 
within the clothing sector have also encouraged experts to develop a new 
strategy for manufacturing clothing – known as made-to-measure. This is a 
type of manufacturing system that employs innovative technologies when 
building an integrated production chain, starting with individual pattern 
construction and ending with manufacturing clothing made-to-measure, 
that is, adapting garments to individual preferences and body sizes of cus-
tomers (Volino and Magnenat-Thalmann,  2000 ). 

 The goal of the advancements in made-to-measure manufacturing tech-
nology is to develop and integrate several key technologies in a distributed, 
interactive virtual clothing store, whereby customers can choose and try 
on 3D clothing which is adjusted to their body measurements, so they are 
thereby assisted in making appropriate online clothing purchases. 

 Individualised processes of product manufacture planning, including the 
manufacturing and assembly processes, and their sequences, are precisely 
defi ned, which means specifi ed processing equipment needs to be in place 
for proper and effi cient manufacture. Manufacturing activities planning is 
supposed, prior to the manufacture of new garments, or prior to performing 
a specifi c technological operation, to study in detail:

   manufacturing process possibilities and conditions;  • 
  fabric-specifi c properties and their impact on the fl ow of operations, and • 
the quality of manufacture; and  
  work methods.    • 

 Planning may require new research in methodology and process analysis, 
and should also predict all the parameters that could impact manufacturing 
process fl ow. Key activities of clothing manufacture planning are:
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   analysis of clothing manufacture, and the selection of adequate equip-• 
ment for this purpose;  
  planning technological operations;  • 
  planning garment assembly;  • 
  planning a rational process system;  • 
  optimising the arrangement and layout of processing equipment;  • 
  selecting adequate transport systems;  • 
  planning garment manufacturing processes;  • 
  work study; and  • 
  workplace design.    • 

 Preparing working sequences is imperative when planning production 
preparation. The phases of working processes are divided into planning 
operations, so as to shape a proper sequence of individual operations. 
The operation is defi ned as a process of linking individual places of work 
where work pieces are manufactured using tools or particular machines 
(Eversheim, 1989).  

  6.2     Analysis of clothing manufacture requirements 
and selection of appropriate equipment 

 Clothing manufacture analysis includes dividing the overall manufacturing 
process, which involves cutting, sewing and fi nishing, into those numerous 
operations necessary to make the product. The procedure consists of break-
ing down the work process into a reasonable number of sub-operations nec-
essary for producing a particular article of clothing, as adapted to industrial 
clothing manufacture, such that it enables and respects the level of equip-
ment available, offering proper exploitation of this equipment, having in 
mind the workers’ skills and the possible time for performing the operations 
whilst, at the same time, ensuring high quality and effi ciency. A schematic 
representation of clothing manufacture analysis can be seen in  Fig. 6.1 .    

 The analysis performed is used as the basis for selecting the work meth-
ods to be used when performing particular operations in the clothing 
manufacturing process, and to decide which processing equipment will be 
used. As the selection of suitable equipment depends on the type of oper-
ation, dictated by sewing stitch type and/or seam type, it is also necessary 
to be familiar with sewing stitches and seams, so as to make the selection 
meaningful.  

  6.3     Joining technologies 

 A key aspect of clothing manufacture analysis is the selection of joining 
technique. Whilst sewing is the traditional method of joining fabrics, newer 
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techniques such as welding or adhesive bonding may be more suitable for 
specifi c applications 

  6.3.1     Sewing stitches 

 A sewing stitch is defi ned as ‘one unit of conformation resulting from one 
or more strands or loops of thread intralooping, interlooping or passing into 

Model – sketch or prototype

Analysis of clothing manufacture

Work methodsk

Reasonable number of
operations

Selection of adequate
equipment

 6.1      Analysis of clothing manufacture.  
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or through material’. Intralooping is the passing of a loop of thread through 
another loop formed by the same thread; interlooping is the passing of a 
loop of thread through another loop formed by a different thread; and inter-
lacing – a term also used in relation to certain stitches – is the passing of a 
thread over or around another thread or loop of another thread. The types 
of thread distinction are illustrated in  Fig. 6.2 .    

 Various types of sewing stitches have emerged as a result of develop-
ments in industrial sewing machines. They are classifi ed according to ISO 
4915 into six classes, which variously cover the requirements of joining fab-
rics together, neatening raw edges, or providing decoration, as follows (ISO 
4915, 1981):

   Class 100 – chain stitches.  • 
  Class 200 – single lockstitches or hand stitches.  • 
  Class 300 – lockstitches.  • 
  Class 400 – multi-thread chain stitches.  • 
  Class 500 – overedge chain stitches.  • 
  Class 600 – covering chain stitches.    • 

 Each of these stitches is based on a common kinematic principle of stitch con-
struction, which acts as a common denominator for each major class.  Table 
6.1  reviews sewing-stitch classifi cations according to ISO 4915. Individual 
stitches are designated with three-digits, the fi rst denoting the class, whilst the 
second and third digits denote the position of each stitch within the particular 
class. The most common stitch type in use in industry is the lockstitch  1   (type 
301), followed by the multi-thread chain stitch  2   (type 401). Lockstitch, as a 

(a) (b) (c)

 6.2      Stitch formation. (a) Intralooping, (b) interlooping, (c) interlacing.  

  1      Lockstitch  (type 301) is formed with two groups of threads; a single needle thread 
and a single bobbin thread. The interlacing of threads lies in the middle of the 
material. It has the same appearance on both sides. This is important in topstitching 
as well as in seam joining of facings, collars, pockets and similar garment parts.  

  2      Chain stitch  (type 401) is formed with two groups of threads; a single needle thread 
and a single bobbin thread. It has the appearance of a lockstitch on the top but has 
a double chain effect formed by a looper thread on the underside.  
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basic joining stitch, also called the ‘plain stitch’, has enough strength for most 
purposes, provided that suitable thread is used, and enough stretch, when 
correctly balanced, for conventional and comfort stretch fabrics stretching to 
30% or more. Multi-thread chain stitch, classifi ed also as a joining stitch, is 
stronger than a similar lockstitch, and possesses a higher degree of elasticity, 
because of its geometry.    

 Apart from the above, the standard includes combined stitches, made by 
combining a multi-thread chain stitch and overedge chain stitch (types 501, 
503, 504 or 505), or by combining a multi-thread chain stitch and a covering 
chain stitch (type 602). The designation for a combined stitch includes the 
designations for both stitch types; for example, 401.503. If the combined 
stitch is done within a single operation (i.e. simultaneously), the designation 
is in brackets: (401.503).  

  6.3.2     Sewing seams 

 According to ISO 4916, a sewing seam is defi ned as ‘the application of a 
series of stitches or stitch types to one or several thicknesses of material’ 
(ISO 4916, 1982). In common parlance, a stitched seam is defi ned as a lin-
early formed joint of two or more fabric layers (sewing work piece com-
ponents), made by a series of sewing stitches or stitch types, or made on a 
single sewing component in various confi gurations. 

 Sewing seams are divided into eight classes according to the type and 
minimum number of work piece components within the seam. Individual 
sewing work piece components can be unlimited, limited from the left or 
right sides, or limited on both sides. Each sewing seam is identifi ed by a 
numerical designation composed of fi ve digits, where the fi rst digit denotes 
the seam class (from one to eight), the second and third the arrangement 
of the work piece layers or the confi guration of work piece components 
within the seam, and fourth and fi fth the position of the stitch or sewing 
needle penetration, that is, differences in location of needle penetrations or 
passages and/or mirror images of the material confi guration (as indicated 
by the second and third digits); see  Fig. 6.3 . The sewing seam classes are 
presented in  Table 6.2 . The choice of seam type is determined by its required 
performance and appearance, and is directly dependent on aesthetics, the 
functional requirement of the individual garment, and comfort.       

 Seam performance refers to strength, elasticity, durability, security and 
comfort, and maintenance of any specialised fabric properties such as fl ame-
proofi ng or waterproofi ng. Seams must be as strong as the fabric, in direc-
tions both parallel and at right angles to the seam. They must also stretch 
and recover with the fabric. Good appearance in a seam normally means 
smooth fabric joins with no missed or uneven stitches and no damage to the 
fabric being sewn.  
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Location of needle penetration or 

passage

Material confi guration Penetration or passage 

of the sewing needle

Sketch Designation

  

1.06.01/301

  

Sewing needle penetrates 

the 

workpiece.

  6.02.02/103

  

Sewing needle penetrates 

the workpiece tangentially 

and does not pass through, 

e.g. sewn by blind* stitch: 

used to work the length of 

outer garments, etc.

  
 6.06.01/503 

 6.06.01/505 

  Sewing needle only touches 

the fabric and does not 

penetrate it, e.g. sewn by 

stitch type 503 or 505.

  6.3.3     Welding and adhesive bonding techniques 

 A welding technique, or threadless joining technique, is used to join 100% 
synthetic  3   (e.g. polyamide (PA), polyester (PES), polypropylene (PP) or 
polyethylene (PE) fabrics, etc.) or fabric blends with up to 40% natural 
fi bres, which are compatible when melted together. As a general rule, the 
fabrics to be welded must be of the same thermoplastic. From a construc-
tional point of view, the material to be melted may be the thermoplastic 
fi bres of the fabric, a thermoplastic coated textile (such as polyvinylchloride 
(PVC) or polyurethane (PU) coated textiles, etc.), membrane, and laminate 
with membrane (e.g. polyamide laminated with polytetrafl uoroethylene 
(PTFE) membrane, polyester laminated with bi-component polyurethane/

  3     Sometimes the synthetic group is erroneously called the ‘thermoplastic group’. 
Although many synthetic fi bres are thermoplastic (they repeatedly soften when 
heated and harden when cooled), others do not melt when heated (Hatch, 
 1993 ).  

 6.3     The location of sewing needle penetration or passage throughout 

the area of the seam. (*Blind stitch is a stitch which is not visible on one 

side of the fabric or fabrics being sewed. The blind stitching version, 

type 103, utilises a curved needle in order successively, to penetrate 

partially into the fabric, and then into the hem edge, while showing 

minimally or not at all on the right side of the garment.) 
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PTFE membrane, etc.) or an adhesive fi lm added at the joint in combination 
with the fabric fi bres. 

 A welding technique is generally defi ned as the joining of two or more 
fabric layers, made of the same material, by applying heat and pressure 
(Albrecht  et al .,  2003 ; Jones,  2005 ; Kehry,  2007 ). The term ‘welding’ refers 
to all types of bonding and sealing, as in point bonding or the continuous 
sealing of material. The welding process consists of three individual pro-
cesses that are carried out almost simultaneously at the point of welding:

   1.     Heating until melting is initiated.  
  2.     Compression.  
  3.     Cooling down until the connection is solid.    

 There are several types of welding, of which fi ve are mostly used during 
the clothing manufacturing process and other textile products for technical 
applications. They are:

   1.     hot air welding;  
  2.     hot wedge welding;  
  3.     high-frequency welding;  
  4.     ultrasonic  4   welding; and  
  5.     laser  5   welding.    

 Hot air, hot wedge, ultrasonic and laser welding are generally categorised as 
so-called ‘rotary welding’. Rotary welding is a continuous process whereby 
the fabric layers move continuously through the machine – the welding area, 
usually pulled along by a pair of drive wheels. 

 The welding technique allows sealed seams to be used in applications 
such as outdoor clothing, workwear, leisurewear and protective clothing, 
as well as hems in medical disposable products, and products of technical 
textiles. The most important fi elds of application are:

   production of weatherproof clothing, workwear, sportswear and lei-• 
surewear, often with integrated membranes;  

  4      Ultrasonic  – the term refers to acoustic frequencies above the range audible to 
the human ear, or above approximately 20 000 Hz. Ultrasonic energy is mechani-
cal vibratory energy, which operates at frequencies beyond audible sound (Flood, 
 1989 ).  

  5      Laser welding  technique uses transmission of energy to weld without melting the 
outer surface. The process melts a thin layer of the fabrics without affecting the 
outer surfaces by transmitting the laser energy through the outer fi bres (H ä nsch, 
 2007 ).  
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  production of healthcare clothing and similar products, such as one-way • 
clothing, hospital linen, etc., made especially of non-wovens;  
  joining seams on water-repellent and breathable membrane sheeting • 
such as Gore-Tex and Sympatex for sports, and trekking shoes, as well as 
all kinds of weatherproof clothing and sportswear;  
  welding process for applications such as airbag construction, bed • 
 assembly, medical furniture, and protective clothing;  
  production of tents, awnings, light tarpaulins, protective covers, car  covers; • 
and  
  joining seams on insulating and fi lter tubes, etc.    • 

 Various types of welded seam have been developed according to differ-
ent fi elds of application. In general, a welded seam can be classifi ed as a 
joint seam, which is produced directly by welding, whereby the two fabric 
parts are transformed into one material structure by binding at a molecu-
lar level, and a welded seam using adhesive fi lm  6   sealing, which are then 
used with previously sewn seams to prevent water and air through the 
stitch holes. 

 For highly engineered fabrics that provide a barrier to particles, liquids 
or gases, the main limitation is the joining of these fabrics, because sew-
ing penetrates the material and resealing is required during a second tap-
ing process. Typical applications of welded seams are illustrated in  Fig. 6.4 . 
 Figure 6.4a  presents an example of a single-layer fl at-welded seam using 
hot-melt adhesive tape and an overlap seam without adhesive tape, whilst 
 Fig. 6.4b  illustrates a welded seam with an adhesive fi lm on top of previously 
sewn seams.      

  6.4     Work analysis 

 The starting point of work analysis (technological analysis) is a prepared 
clothing prototype or model technical sketch with a brief description, and 
specifi c manufacturing instructions, and should be accompanied by all the 
data necessary to present the fi nal product properly and to analyse the work. 
See  Fig. 6.5 . The analysis of work or work processes presumes a detailed 
study of individual phases or steps in the process, and breaking down the 
process into a rational and logical number of sub-units, that is, operations, 
adequate for clothing manufacture under the conditions of an industrial 
organisation.   

  6      Adhesive fi lm,  or the so-called seam tape, is a thermoplastic fi lm for bonding two 
fabrics together or is the sealing tape, which has a thermoplastic adhesive coating 
on one side.  
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 From a technological point of view, the work is shaped by the so-called 
man-machine system, that is, a system in which a human operator and a 
machine are integrated, for example, a closed-loop control system where a 
machine identifi es a variance which is then corrected by a human operator 
who uses the machine to verify the variance has been corrected. The work 
necessary to produce or process a particular article consists of individual 
phases or steps. These phases are concerned with various types of work as 
performed at various workplaces, and can be interconnected by space or 
technology. Contrary to the work phase, an operation is a particular part 
of article processing, performed at a particular workplace. As an operation 
concerns a particular part of processing, from picking-up to laying-off the 
object, it can be subdivided into sub-operations in advance which are, in 
turn, composed of individual movements or activities ( Ž uni č  Lojen and 
Ger š ak,  1994  ). 

 Work analysis is particularly important for processes such, as sewing, 
which are composed of diverse operations that differ by type, number, and 
duration of sub-operations. Numerous factors impact on the structure of 
operation, such as operation type and degree of complexity, workability, 
that is, fabric behaviour during the sewing process, workplace design, and 
work methods. This is why it is essential to be familiar with the operation 
structure, in order to break down individual phases of the work process in a 
rational manner. The analysis of operation structure is used to subdivide the 
operations into logical sub-operations which are, in turn, a basis for deter-
mining the necessary times and the amount of particular sub-operations, 
and as a basis for the parameters of workplace design. 

 Sewing operations are generally composed of the following technological 
sub-operations:

Coated surface

(a) (b) (c)
Seam tape

Fabric

Fabric Fabric

Coated surface Overlap welded
seam

Membrane Seam tape

Two-layers
laminate

Two-layers
laminate

Sewing seam

Sewing 
seam

Membrane Seam tape

Lining

 6.4      Seam welding machine and typical welded seam types. (a) 

Seam welding machine. (b) Flat-welded seam with adhesive tape 

and overlap welded seam with adhesive tape. (c) Welded seam with 

adhesive fi lm on top of previously sewn seams.  
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Product type: men’s suit jacket Model name: Artemis

PeculiaritiesModel drawing (sketch)

Breast dart

Breast pocket

Side pocket

Information on the model

Conventional suit jacket with chequered
lapel, single-breasted, with three buttons.
The front part has interlining built-in. Chest
pocket is piped with a bar, whilst side
pockets are piped and flapped.
The jacket has vents at the centre back and
on the sleeves. Sleeve vents have three
buttonholes and buttons.

Lapel width
Collar width

Seam width
Edge seams
Side seams
Other seams

92 mm
40 mm

7 mm
15 mm
10 mm

Prepared by
Date: 3.3.2012

Notes

5.27.01 (301.301)

30 mm

20 mm

28

114

16010

B
re

st
 d

ar
t

55

   Preparation for sewing.  • 
  Sewing with work piece guidance.  • 
  Manipulating and handling the work piece when sewing.  • 
  Laying-off the work piece at the end of sewing.    • 

 It is necessary to be familiar with technological sub-operations in order to 
subdivide the work into operations, as well as to determine the number of 

 6.5     Model technical sketch with description.
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operations necessary, so as to ensure an optimal relationship among partic-
ular sub-operations, which are all of the utmost importance in achieving an 
effi cient, high-quality and continuous technological process fl ow.  Figure 6.6a  
offers an example of the operation when sewing a two-piece sleeve, using a 
special sewing machine, employing seam type 1.01.03(401.504). A graphic 
representation of the associated operation structure can be seen in  Fig. 6.6b  
( Ž uni č  Lojen and Ger š ak,  1994 ).     

  6.5     Identifying work methods 

 It is necessary to defi ne the work methods to be used to ensure an effi cient, 
high-quality and uninterrupted working-process fl ow, that is, the predeter-
mined manner of performing the work-fl ow, including all the activities of 
the operator, from the way the work object is picked-up, to preparation 
and handling during the course of performing operations, until the moment 
of laying-off the work piece. The function of this study is to determine the 
equipment, tools, working conditions and work method that will enable the 
operator to produce the maximum number of work units in a given time 
with minimal expenditure of human energy. 

 The type of operation should be respected, as well as the quality require-
ments associated with it, and the accepted rules for the economic performance 
of individual movements. The work method, which is one of the technological 
factors in workplace design, should always be designed in relation to the 
system, which includes numerous interlinked elements affecting each other. 

seam type 1.01.03 (401.504)

3

2

1

B
A

(c)

(b)(a)
Number

1.
2.
3.
4.
5.
6.

Ppr1
Ppr2
Ptar1

Ptar2

Ppar1

Ppr3

Designation

Manually picking up both work piece layers
Position the work piece under the point of sewing
Machine-manual sewing of the segment A
Stopping the sewing and aligning work piece layers
Machine-manual sewing of the segment B
Stopping the sewing and manually the work piece offk

Sub-operation type

S
ub

-o
pe

ra
tio

n 
ty

pe Ppr3

Ppr1

0 2 4 6 8 10 12 14 16 18 20 22 24

t/s

Ppr2

Ppar1

Ptar2

Ptar1

Name

 6.6      Technological operation of sewing a two-piece sleeve. (a) Sewing 

operation with two segments. (b) Structure of sewing operation: sub-

operations. (c) Structure of sewing operation: timings.  

�� �� �� �� �� ��



 Planning clothing manufacturing 161

© Woodhead Publishing Limited, 2013

 Knowledge of adequate work methods is of extreme importance when 
planning and optimising sewing, primarily due to the high level of com-
plexity regarding the process and also because of the general requirements 
when performing sewing operations. In order to perform the operation, the 
operator goes through the following work cycle phases:

   picking-up  • 7   the work piece layer(s);  
  positioning  • 8   the work piece layer(s) on the machine bed before the sew-
ing begins;  
  sewing after the work piece layer(s) contacts the sewing machine bed; • 
this phase may be divided into two or more parts, because the operator 
stops during the sewing operation in order to reposition the work piece 
layer(s); and  
  discarding  • 9   the work piece or sewed garment part.    

 The work methods selected should involve all the activities performed by 
the operator, from the process of picking-up previously cut garment parts, 
to their preparation and guidance when sewing, and fi nally to the process of 
discarding the sewed garment part, or ‘laying-off’ the work piece. A properly 
selected method of work offers the possibility of sewing longer segments of 
seam contours without the need for stopping the machine, which results in 
higher seam quality as a more uniform sewing process fl ow ensures lower 
oscillations in the stitching speed. 

 As the type of sewing operation selected depends upon the model type 
and shape, or the garment part’s type and shape, which offers information 
on the seam contours’ shape  10   and length, the work method selected for a 
particular sewing operation can include a single or different ways of guiding 
the work piece. In relation to the forms of particular sewing operations and 
seam contour shapes and lengths, there are four methods for guiding  11   the 
work piece (Liekweg  et al .,  1983 ):

  7      Pick-up  – phase that starts when the operator’s hand(s) begin to travel toward the work piece 
layer(s). This phase ends when the work piece layer(s) is (are) grasped by the hand(s).  

  8      Initial position  – phase that starts when the hand(s) begin(s) transporting the work piece 
layer(s) to its initial sewing position on the sewing machine bed before the sewing begins, 
and ends when the work piece layer(s) is (are) in the proper place on the sewing machine 
bed for the machine to begin sewing.  

  9      Discard  – phase that starts when the hand(s) begin(s) to travel toward the work piece 
or sewed garment in order to discard the sewed part. This phase ends when the hand(s) 
release(s) contact with the work piece.  

  10      Seam contour shape  – means the form of sewed contour; for example, the operator sews one 
of three basic geometric patterns: straight lines, angles, or curves.  

  11      Work piece guidance  as a prescribed method of guiding work piece components in sewing 
was developed at the Fachochschule in Sigmaringenu, and is known as optimal sewing meth-
ods (Liekweg  et al .,  1983 ).  
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   1.     Basic method of guiding a work piece.  
  2.     Work piece guiding with puckering.  
  3.     Flowing method of guiding a work piece.  
  4.     Combined method when guiding a work piece.    

 The requirements relating to the economy of movement and work piece 
layer positions should also be respected when planning the methods for 
guiding work pieces. This means that:

   the positioning of work piece layers on the surface should enable • 
repeated picking-up using both hands;  
  the work piece should be picked-up within the normal work-reach (i.e. • 
with minimal lower arm movements);  
  the operator picks-up individual work piece layers, employing the arm • 
that guides them in the process of sewing; and  
  work piece layers should be picked-up so as to position them at the point • 
of sewing, without additional movements and shifts, or with minimal 
additional shifts.    

  6.5.1     Basic method of guiding a work piece 

 The work piece is guided, in principle, by the left hand in such a way as 
to enable uninterrupted sewing, in a transverse direction, and in the direc-
tion of sewing. When two or more layers are sewn they are guided together. 
Depending on the seam’s length, sewing is done with one, two or three 
 control-points.  Figure 6.7  shows the typical technological sub-operations 
(such as work piece layer preparation, picking-up layers with both hands, 
putting layers together, transferring joined layers, positioning and tacking,  12   
sewing, seam tacking, laying-off the work piece and the work piece laid-off 
after sewing) by the basic method of guiding a work piece, with one control-
point, whilst the typical technological sub-operations by the same method 
of guiding a work piece, although note with two control-points, can be seen 
in  Fig. 6.8 .        

  6.5.2     Work piece guidance with puckering 

 When this method is employed, the work piece layers are guided sepa-
rately. The upper layer is, in principle, puckered using the left hand, whilst 

  12      Tacking  is a stitching sequence that (a) prevents a stitch chain (in a seam or otherwise) from 
opening; and (b) hold two pices of material (cloth, braid, tape, elastic braid, buttons, etc.) 
intact at one point or small area.  
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the lower layer slides between the thumb of the right hand and the palm, 
or is folded, as shown in  Fig. 6.9 . The work piece is generally guided trans-
versally, with the distance between hands and sewing needle as great as 
possible, and at least 15 cm apart, so that the operator can react in time and 
correct any deviations from the planned sewing direction. This method of 
guiding a work piece is used in sewing work piece layers of different con-
tour shapes, especially in sewing together work piece layers with curved 
contours and those with straight ones, as well as in sewing work piece lay-
ers with various radii of contour curvature. Control-points are defi ned in 
relation to the number of work piece layers. If a single layer is sewn, the 
method employs one control-point; with two layers the method needs two 
control-points.     

(i)(h)(g)

(f)(e)(d)

(c)(b)(a)

6.7      Basic method of guiding a work piece with one control-point – 

O2E023. (a) Work piece layer preparation; (b) picking-up layers with 

both hands; (c) putting layers together; (d) transferring joined layers; 

(e) positioning and tacking; (f) sewing; (g) seam tacking; (h) laying-off 

the work piece; (i) work piece laid-off after sewing.  
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  6.5.3     Flowing method of guiding a work piece 

 Here the layers are guided separately. The upper layer is guided with the 
left hand, the lower with the right, whilst layers are mostly guided trans-
versally. The work piece layers come into contact in the vicinity of the 

(l)(k)(j)

(i)(h)(g)

(f)(e)(d)

(c)(b)(a)

 6.8      Basic method of guiding a work piece with two control-points – 

O2D064. (a) Work piece layer preparation; (b) picking-up layers with both 

hands; (c) putting layers together; (d) transferring joined layers; 

(e) positioning and tacking; (f) holding – control-point 1; (g) holding – 

control-point 2; (h) sewing; (i) sewing with work piece opening; j) Sewing 

– work piece guiding; (k) seam tacking; (l)laying-off the work piece.  
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point of sewing. This method of work piece guidance is used when sewing 
a single-layer or two-layer work piece with straight or gently curved con-
tours, or with different contour radii that do not differ too much, as seen 
in  Fig. 6.10 .     

  6.5.4     Combined method of guiding a work piece 

 The combined method of guiding a work piece is, in principle, a combination 
of the above-mentioned methods, that is, of the basic and fl owing method, 
of the basic method and guiding with puckering, or fl owing method and 
guiding with puckering. Both methods are used at the same time, or con-
secutively, the point being to disallow sewing from being stopped. Proper 

(i)(h)(g)

(f)(e)(d)

(c)(b)(a)

6.9      Work piece guiding with puckering – G2E037. (a) Work piece layers 

preparation; (b) puckering the upper layer; (c) picking-up the lower 

layer; (d) joining work piece layers; (e) positioning and seam tacking; 

(f) work piece guiding in sewing; (g) holding – control-point; (h) seam 

tacking; (i) laying-off the work piece.  
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selection of the work method defi nitely impacts on the quality of the cre-
ated seam, as well as on the average seam length made in one sub-operation, 
that is, without stopping or decelerating the sewing machine, which lowers 
the time necessary to perform the operation in question (Liekweg  et al ., 
 1983 ; Ger š ak,  1987 ,  1989 ). 

(i)(h)(g)

(l)(k)(j)

(f)(e)(d)

(c)(b)(a)

 6.10      Flowing method of guiding a work piece – P2D073. (a) work piece 

layers preparation; (b) picking-up with both hands; (c) joining work 

piece layers; (d) transfer of joined layers; (e) positioning and seam 

tacking; (f) preparation for sewing; (g) sewing – work piece guiding; 

(h) sewing – work piece guiding; (i) sewing – work piece guiding; 

(j) sewing – guiding – seam tacking; (k) laying-off the work piece; 

(l) work piece laid-off after sewing.  
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 To ensure optimal sewing it is necessary, in addition to the above, to obey the 
rules of direct work piece manipulating, handling and guidance (Liekweg 
et al .,  1983 ):

   (a)     The work piece should be guided as far from the sewing point as possi-
ble, thus enabling the operator to control sewing at a predetermined dis-
tance from the sewing needle. This enables the operator to make timely 
corrections if deviations occur from the required sewing direction.  

  (b)     The work piece should be held with the left hand at a proper distance 
from the edge, so it is not necessary to adjust the hold while the hand 
slides beside the sewing needle.  

  (c)     In the case of seam tacking at the beginning of the seam, the work piece 
may be positioned at the initial sewing position, that is, under the sew-
ing point (sewing needle) so that it lies between 5 and 10 mm from the 
beginning of the seam. Backwards sewing follows, that is, seam tacking, 
and the sewing continues forwards, with no interruption.  

 The methods of work piece guiding can be represented by a six-digit des-
ignation, where the fi rst digit denotes the method of guiding the work piece, 
the second the number of work piece layers, the third the number of the 
control-point, whilst the rest express the length of the seam contour in centi-
metres. The designation of work piece guidance thus assumes the following 
form (Liekweg  et al .,  1983 ):

Method of guiding a work piecek

X X X XXX

B – basic method
P – guiding with puckering
F – flowing method of guiding
C – combined method of guiding

Number of work piece layers
1 – one layer
2 – two layers
3 – three layers

Number of control points

E – one control point
D – two control points
T – three control points
S – four control points

Seam length, in cm
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  (d)     When the seam is tacked at the end, it follows the tacking only by sew-
ing backward, approximately 5–10 mm.  

  (e)     Workpiece laying-off should occur within regular working reach, 
employing as simple a movement as possible.    

 All the methods for guiding a work piece, as described above, generally 
require a longer time for work piece layer preparation before sewing. Sewing 
is usually performed without control-points, or just a few, which ensures 
an undisturbed work process. Effi cient work piece guidance employing the 
above methods presumes the adequate selection of a proper sewing machine 
and work aids.   

  6.6     Selecting processing equipment 

 The correct processing equipment is required in order to perform opera-
tions following a work plan. Processing equipment includes, simply speak-
ing, machines, tools and devices (Eversheim,  1996 ). Analysis should involve 
selecting the processing equipment, but also a necessary auxiliary device that 
ensures the high-quality execution of the different technological operations. 
A database for processing equipment should be created for the purpose of 
meaningful selection and exploitation of the equipment. It should include 
key information on the purpose, function, and possibilities of work aids and 
auxiliary devices as well. The most important information on the equipment 
is collected in a so-called processing equipment list – see  Fig. 6.11  – which is 
a document that includes all the technical characteristics of the equipment, 
its area of use, work aids, capacity and price.    

 The processing equipment list, known also as the processing equipment 
specifi cation, is a document that refers to the operating details and pro-
cessing links of any machine used by the operator. Processing equipment 
for a particular operation in clothing manufacture is selected in a rational 
manner on the basis of technological measurements and economic feasi-
bility; see  Fig. 6.12 .  Figure 6.13  shows a part of the technological analysis 
when manufacturing a man’s jacket, with the equipment to be used in the 
operation of pocket piping.  13   As high-quality sewing operations require a 
wide range of processing equipment (sewing machines that differ by stitch 
class, and type, purpose, function, and technical characteristics), further 
chapters will include descriptions of the most important sewing machine 
properties.        

  13      Piping  – decorative hem with a piping tape, that is, inserting maximally 5 cm wide decora-
tive tape between two layers, which can be folded lengthwise, bias cut or specially woven 
coloured tape with a thickened edge (Schierbaum,  1982 ).  
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Description of
processing equipment

Equipment type

Designation: TO-SS03

Dürkopp Adler

Slomatex

Manufacturer:

Supplier:

Area of use

Technical characterTT istics

Designed workplace

Dimensions:
length
width

height

1600 mm
1530 mm

951 mm

Notes Capacity: Originator:
Date:

Stitch length:
minimal 2,5 mm

6,0 mm

Nm 80–100
3200 stitch min–1

maximal
Needle gauge
Stitching speed

Equipment name

Sewing machine

Class and type:

Year of manufYY acture:

Year of purchase:YY

Purchase price

Dürkopp 550-12-12

2010

2011

Screen-assisted taping of the armhole and
pre-ruffing of the cuff ball – sleeve head

Stitch class: multi-thread chainstitch
Stitch type: 401

Feed system type:
variable foot top feed combined with
the differential bottom feed

Function: pre-gathering and bridle-taping workpiece layers
Control : numeric control

Numerically-controlled pre-gathering
of the sleeve in the armhole area

Possibility:
29 different ruffing values available
for 13 sections per seam.

Screen-assistend, dialogue-oriented
programming (Tech-in procedure)TT .

Individually programmable control.

Appliance for the automatic feeding
and cutting of the bridle-tape.

Special sewing machine for screen-assisted bridle-taping

6.11      An example of a processing equipment list.  

  6.7     Types of sewing machine 

 The effi ciency and quality of a particular sewing operation depends directly 
on selecting the proper sewing machine and accessories. It is important to 
be familiar with the technical characteristics of various sewing machines, in 
order to decide what kind of machine is adequate for a particular operation, 
or which operation will be performed in the best manner on a particular 
sewing machine. 
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 Sewing machines can be considered in terms of general working and from 
the viewpoint of their technical characteristics, as shown in  Fig. 6.14 . Sewing 
machines can be classifi ed into the following groups:     

   (a)     Basic sewing machines, which include: 
   sewing machines that sew with a lockstitch (stitch type 301); and  • 
  sewing machines that sew with a multi-thread chain stitch (stitch • 
type 401).       

   Basic sewing machines using a lockstitch are primarily intended for join-
ing garment parts that are not exposed to higher loads in wear. The seam is 
compact and inelastic. When garment parts are exposed to higher loads it 
is necessary to use basic sewing machines that employ a multi-thread chain 
stitch, as such a seam is elastic and allows for higher loads.  
   A large number of work aids are available for basic sewing machines, 
and attachments that can relieve the operator of some of the handling 
associated with sewing operations.     

   (b)     Special sewing machines are intended for particular technological 
operations. Apart from basic general-purpose sewing machines, there 
is also a huge range of high-performance machines that are built to 
undertake one operation only at a consistently high level of quality. 
Generally speaking, they can be divided as follows: 

Work piece datak Equipment data

Attachments Order data

a) Operation type
b) Fabric type and characteristic
c) Fabric properties

a) Conventional devices
b) Special devices
c) Hand tool
d) Accessories (various templates)

a) Job order
b) Amount, colours, size and bundle
c) Manner in which the work receivk ed
d) Optimising criteria (time, costs)

a) Equipment class and type
b) Capacity
c) Attachments

Technological and economic fTT actor
that impact equipment selection

Criteria

 6.12      Criteria for the selection of processing equipment.  
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   By function, with machines for sewing zips, for pocket piping, for • 
sewing knitted articles, corsets, etc.;  
  By sewing-stitch class and type, including sewing machines that • 
use all stitch types, except stitch types 301 and 401 (e.g., special 
sewing machines with blindstitch (stitch type 103), with a zigzag 
stitch (stitch types 304 or 404), special sewing machines that attach 
pocket bags (stitch type 408), those that employ overedge chain 
stitches (stitch class 500), as well as the one employing covering 
chain stitches (stitch class 600), and so on).    

  (c)     Sewing automata are advanced special sewing machines. They are char-
acterised by the ability to perform, when the work piece is positioned 
and the machine is actuated, automatic sewing, to stop with the sewing 
needle in the upper position, cut the thread, release the work piece and 
sometimes lay it off. By their function, they can be: 

   sewing automata for short seams (for making buttonholes, for • 
attaching buttons, strengthening, etc.);  

 6.13     A detail of the analysis with equipment selection. 

  

Operation

Notes Capacity:
Originator:

Date:

Operation sketch

Specification

5.27.01 (301.301)

Pocket piping

Seam class and type Equipment class and type

a) Basic sewing machine that
    sews with a lockstitch,
    stitch type 301

b) Double-needle special sewing
    machine for pocket piping

c) Double-needle sewing
    automaton for pocket piping,
    equipped with photocells

d) Computer-aided sewing
    system for pocket piping,
    equipped with a direct drive
    and a device for automatic
    work piece laying-off
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  sewing automata for long seams (for making darts, sewing side • 
seams on suit jackets, jackets, trousers, etc.). An example of a sewing 
automaton for long seams and a device for automatic work piece 
laying-off can be seen in  Fig. 6.15 .    

  (d)     Sewing systems belong to the group of advanced sewing machines. They 
possess all the characteristics of sewing automata and enable, when the 
work piece is positioned and the machine actuated, the automatic per-
formances of two or more sub-operations. When sewing is completed, 
they release the work piece and lay it off automatically. They include 
sewing systems for making buttonholes, for button sewing, for pocket 
fastening, and so on. An example of a sewing system for attaching pock-
ets can be seen in  Fig. 6.16 .  

  (e)     Numerical-controlled sewing machines are those machines through 
which the work piece is automatically guided, similarly to sewing 
automata and sewing systems, following a predetermined seam contour 
line, based on numerical data on a seam contour. The numerical data 
are stored in the processing computer memory and are associated with 
work piece movements when sewing. Computer Numerical Control 
(CNC-controlled) sewing machines, have been introduced recently. 
An example of a CNC-controlled sewing machine is the CNC sewing 

Sewing machine classification

General classification

Basic sewing machines

Special sewing machines

Sewing automata

Sewing systems

Robotic sewing systems

Based on fabric type to be sewn

Based on bed type

Based on work piece fk eed

Based on sewing needle number

Based on stitch type

CN sewing machines

Based on technical characteristics

 6.14      Sewing machine classifi cation.  
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automaton for bartacking  14   buttonholes (see  Fig. 6.17a ), and for mak-
ing lockstitch buttonholes ( Fig. 6.17b ). (f) Robotic sewing systems are 
sewing systems equipped with a multifunctional manipulator,  15   which 
can be re-programmed and designed so as to enable easy work piece 
layer manipulations. Figure 6.18 shows a robotic sewing system used 
for sewing the pockets of a man’s jacket.                

14      Bartacking  – is the sewing of a dense tack across the open end of a buttonhole. The machine 
sews a fi xed number of stitches across the end of the buttonhole, then oversews them at right 
angles with a series of covering stitches.  

15      Manipulator  [Gem.  Manipulator  from Fr.  manipulateur ] – is a device used to manipulate 
materials without direct contact.  

(a)

(b)

6.15      Sewing automaton for long seams with automatic photocell 

thread detection in a seam contour: (a) sleeve seam; (b) center back 

seam.  
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  6.7.1      Types of sewing machines based on technical 
characteristics 

 The technical characteristics of sewing machines are extremely important 
from the point of view of machine utilisation. Based on these characteris-
tics, sewing machines can be divided by sewing-stitch class and type, the 
number of sewing needles used, the type of feed mechanism, bed type, and 
type of fabric sewn. Sewing machines are grouped as shown in  Fig. 6.14 . 
Machines classifi ed by the number of sewing needles and the type of stitch 
used can be seen in  Fig. 6.19 .    

 The work piece feed mechanism is one of the most important technical 
characteristics of a sewing machine, since the movement of the work piece 

(b)

 6.16      An automated sewing system for attaching shirt pockets (a and b).  
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directly impacts the performance and appearance of the created seam. 
During sewing, the work piece moves along at a predetermined distance 
between successive penetrations of the needle (i.e. stitch length) using 
a feed mechanism ( Fig. 6.20 ) whilst during the process the work piece is 
exposed to the infl uence of the feed dog and, presser foot pressure from 
above.    

 The pressure of the presser foot  F  pf , which acts as the upper work piece 
layer, can be expressed as follows (Ger š ak,  2000 ,  2001 ):

F FN gFF F FFpfFF pFF=FNFF ,
       [6.1]   

(a)

(b)

6.17      CNC computer-aided numerically-controlled sewing automaton. 

(a) automatic 2-thread chainstitch eyelet buttonholes; (b) automatic 

lockstitch buttonholes.  

�� �� �� �� �� ��



176 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

 where the spring-force  F  sp  is expressed as follows:

   
F k xspFF ⋅k

       [6.2]   

 and the force of gravity  F   g  :

   
F m ggFF ⋅mpf ,

       [6.3]   

 where:

   k     spring-constant, in Nm −1 ,  
   m  pf       mass of presser foot, in  g .    

 Based on Equation [6.1], the friction-force between the upper work piece 
layer and the sewing presser foot  F  T3 , can be expressed as (Ger š ak,  2001 ):

   
F F F F k x m ggT3FF pfFF p 3 p 3⋅F fF ( ) =3 +x )( ⋅μμ F FgpFF3 f FgFF= ( )⋅ μ

     
  [6.4]

   

 and the friction-force between feed-dog teeth and the bottom work piece 
layer  F  T1  as:

   
F F F F F F k x m m gg g g wk x m g mg gT1FF pf p 1 p 1+FpfFF ))( (( )) =1 +xx ⋅ +gg )( ⋅ΔFFF F F+ F ΔμFg gFg gFFg g )⋅FpFFFF f g+ FFgFF μ ,

 
  [6.5]   

 6.18      Robotic sewing system for pocket setting.  

�� �� �� �� �� ��



 Planning clothing manufacturing 177

© Woodhead Publishing Limited, 2013

Number of 

needles

Sewing machine type Stitch class / type

  

Single-needle sewing 

machine

 100 

 200 

 300 

 400 

 500 

 Chainstitches 

 Single lockstitches, stitch type 209 

 Lockstitches 

 Multi-tread chainstitches 

 Overedge chainstitches 

  

Double-needle 

sewing machine

 100 

 300 

 400 

 500 

 600 

 Chainstitch, stitch type 102 

 Lockstitches 

 Multi-tread chainstitches 

 Overedge chainstitches 

 Covering chainstitches 

  

Double-needle 

sewing machines 

with the possibility of 

excluding one of the 

needles

300 Only for lockstitch, stitch type 301

  

Three-needle sewing 

machine

 300 

 400 

 600 

 Lockstitch, stitch type 303 

 Multi-tread chainstitch, stitch 

types 403, 407 

 Covering chainstitch, stitch types 

604, 605 

  

Four-needle sewing 

machine

 300 

 400 

 600 

 Lockstitch, stitch type 307 

 Multi-tread chainstitch, stitch 

type 410 

 Covering chainstitch, stitch types 

606, 607, 608 and 609 

 6.19     Sewing machines sorted according to the number of sewing 

needles used.  
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 where:

    F  pf       pressure of the presser foot, in cN,  
  Δ F gw

        the force of gravity of the work piece part between the presser 
foot and the feed dog, in cN,  

    µ   1        coeffi cient of friction between the teeth of the feed dog and the 
work piece’s bottom layer,  

    µ   3        coeffi cient of friction between the work piece’s upper layer and 
the presser foot,  

   Δ  m   w        the mass of the work piece part between the presser foot and the 
feed dog, in g.    

 The following conditions must be fulfi lled for faultless movement of the 
work piece:

    I. condition: 0,T2 T3F FT2 T =T3FT     [6.6]    

   II. condition: T1 T2F F FT+T1FT .     [6.7]   

Top fTT abric
layer

Sewing way

Presser
foot

Bottom
fabric
layer

Throat
plate Feed dog FN

FN

FT2

F

FT2
FT1

FFT3T

 6.20      Forces acting on the workpiece during its movement. 

    Symbols represent the following:  

   F       traction-force, that is, the force necessary to move the work 

piece, in cN,  

   F   N       normal-force, in cN,  

   F  T1       friction-force between the feed dog and the work piece’s 

bottom layer, in cN,  

   F  T2       friction-force between the workpiece’s upper and bottom 

layers, in cN,  

   F  T3       friction-force between the work piece’s upper layer and the 

sewing presser foot, in cN.     
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 Because of the complex dynamic effect of the feed system on the work 
piece (e.g. feed dog with toothed surface, that acts on the work piece lay-
ers from below and pressure exerted by presser foot that acts from above), 
slippage can occur between work piece layers. This slippage between lay-
ers is hard to defi ne, because of the complexity of its spatial and temporal 
structure. For example, in the case of drop feed, the work piece is moved 
from below in the direction of sewing over feed-dog teeth, whilst its move-
ment is arrested from above by the activity of the presser foot. There is 
obviously a notable tendency for the bottom layer to move faster, while 
the top one tends to lag, while the work piece in the area where the seam 
has already been completed moves uniformly, as individual layers cannot 
move separately. As the feed dog acts intermittently on the work piece, 
the resulting movement is sliding and leveraging. Due to oscillations of 
the system ‘feed dog/work piece/presser foot’, the bond between individ-
ual work piece layers, caused by friction, is easily broken, and layers move 
separately. The result is a discrete, or un-coordinating, shift of work piece 
layers (Ger š ak,  2000 ,  2001 ). 

 All of this demonstrates that work piece layer feed is a complex pro-
cess that has a direct infl uence on the quality of the created seam. In 
order to understand better the role of the work piece feed system and its 
impact on seam quality, a classifi cation is given of sewing machines based 
on the type of feed mechanism employed, and its area of use, in  Figs 6.21  
and  6.22 .       

 As well as the above-mentioned type of feed systems, it is also necessary 
to mention the teeth on the surface of the feed dog. The teeth on the feed 
dog’s surface can be of different types and sizes (e.g.: coarse teeth, fi ne teeth, 
short toothpitch, long toothpitch, etc.) but they are generally slightly slanted 
towards the feeding direction. When sewing light- to medium-weight fab-
rics, a tooth pitch (with a distance from peak to peak of 1.3 to 1.6 mm) is 
normal. Fine-toothed feed dogs with a pitch of 1.0–1.25 mm can be used for 
very lightweight fabrics. 

 Movement of the work piece is important for two reasons (Ger š ak, 
 2000 ):

   1.     In achieving the objectives of good appearance and performance in 
seams, accurate and even stitch length is essential, along with fabric joins 
that are either smooth and unobtrusive or evenly eased or gathered, 
according to the requirements of fi t and style.  

  2.     Even and continuous work piece movement is a proper starting point 
for programming seam contour length, as well as for proper control of 
sewing machine operations.      
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 6.21     Sewing machines with bottom, needle, and additional puller-feed 

system. 

Workpiece feed mechanism type Area of use

Drop feed system  Almost all of the basic sewing machines used to 

link work piece layers employ this mechanism, 

as there is no sliding between the layers. 

 It is designed for a fast linking of light and 

medium-weight fabrics. 

 

 

  

Differential bottom feed system   This is intended for fi nishing smooth seams; 

the lower work piece ply can be gathered or 

stretched by adjusting the stroke of the feed dog 

in front of the needle or behind the needle. 

 Special sewing machines for taping of armholes 

often use this type of mechanism. 

  

Bottom and needle feed system  This is used when producing smooth seams 

on medium-weight fabrics. The areas of usage 

include general sewing operations, sewing 

zippers, etc. As the work piece moves at 

the moment when the needle is in the fabric 

(synchronised movement of the needle and 

work piece layers), there cannot appear sliding 

between work piece layers.
  

Bottom and additional puller-feed 

system  

 Used to ensure uniform seam quality, especially 

when sewing thin fabrics. It is appropriate 

for long seams, e.g. when sewing trousers, 

hemming shirts, etc. 

 Additional puller-feed, in combination with a 

crank presser foot, prevents seam puckering. 

It is used on special sewing machines with a 

single, two, or more sewing needles. 

  

Bottom and additional belt feed 

system

 Belt feed is performed using a smooth or 

toothed tape, generally in sewing work pieces of 

higher surface area.   This mechanism ensures 

the making of smooth, long seams, primarily in 

joining fabrics sensitive to transport, such as 

silk poplin or plush.   

Bottom, needle and additional puller 

feed system  

 This is used in smooth sewing extremely 

thin and fi ne fabrics, such that have a strong 

tendency of seam puckering in sewing, e.g. for 

sewing plushes. 

 The mechanism is often used in sewing edges, 

waistbands on skirts and/or trousers, as well as 

in decorative sewing on double-needle sewing 

machines. 
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 6.22     Mechanisms for top, bottom, and alternating workpiece feed 

systems and their areas of use. 

Work piece feed mechanism type Area of use

Top and bottom feed system The mechanism for top work piece feed includes, 

apart from the pressure sewing point, a moving 

sewing point. When the pressure point does not 

move and is needed to secure the fabric, the 

moving point shifts the work piece together with 

the moving element. If the moving sewing point 

is active in front of the sewing needle, the upper 

work piece layer shirrs.

  

  

Top and bottom feed system If the sewing point is at the sewing needle 

(meaning the shift of the upper and bottom work 

piece layers are matched), a high-quality smooth 

seam is ensured in linking garment parts and 

sewing.

This type of feed is specially recommended for 

smooth sewing of fabric sensitive to transport.

  

  

Top and differential bottom feed There is the opportunity to work in fullness, 

achieve shift-gree sewing or retard, or stretch 

the top or bottom layer. Used to the majority of 

seaming situations since it can be adjusted to 

feed each layer exactly as required in relation to 

the other. Special sewing machines for taping of 

armholes use this mechanism.

  

  

 Alternating or variable top and bottom feed 

system 

 Used to obtain a smooth seam in joining and 

sewing heavy-weight fabrics, such as fabrics for 

winter coats, blankets and bedspreads. It also 

offers:

a)  keeping the work piece upper layer and 

sewing the bottom layer in a tensioned state, 

 b) shirring the upper workpiece layer. 
  

  

Alternating or variable top, needle and 

bottom feed system

Used to ensure high-quality smooth seams in 

joining heavy-weight fabrics, such as those for 

winter coats, blankets, bedspreads and leather 

for garments. It is valuable in the sewing of 

certain problem materials, especially those with 

tacky surfaces. 

In clothing industry it is generally used in 

decorative sewing.

  

  

Alternating or variable top and bottom 

differential feed system

 Offers high-quality smooth joining and controlled 

gathering (to work fullness) or stretching of the 

upper or bottom workpiece layer. 

 This type of workpiece feed is intended for 

sewing heavy-weight fabrics, when a nice and 

smooth seam is required. It is used on special 

sewing machines, e.g. for setting in sleeves. 
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  6.8     Determining standard time 

 Determining the standard time  16   for a task is a prerequisite for the eco-
nomic assessment of a particular process (Eversheim,  1989 ; Polajnar,  2006 ). 
It is done within the confi nes of process planning, employing empirical val-
ues, that is, previously used times. Determining standard time depends upon 
the time of performing (previous to manufacturing and at its completion), 
as well as the required precision when determining times. The total time 
necessary to perform a predetermined task is composed of the following 
elements (Anon.,  2004 ; Ramsauer,  2011 ):

    t  pc      preparation-completion time, needed to prepare the workplace for a 
particular activity or work and getting the workplace in order upon 
completion of the work;  

   t   t       technological time, that is, the time needed to perform particularly 
effective work, which results in a change of dimension, shape or 
structure for the material processed, regardless of whether the work 
is performed manually or by machine;  

   t   p       auxiliary time, that is, the time needed to complete auxiliary tasks, 
necessary to complete the technological task successfully; and  

   t   d       added time, needed to make up for the losses in the course of the work-
ing day, such as those for which the worker could not be blamed.    

 Technological and auxiliary time together constitute so-called normal time. 
A schematic presentation of the elements composing standard time can be 
seen in  Fig. 6.23 .    

 The time necessary to perform a task can be, according to the standard 
REFA,  17   determined on the basis of (Ramsauer,  2011 ):

   a)     measuring the actual time used, employing various methods, most often 
the method of measuring time using various instruments and devices; and  

  b)     predetermined motion-time systems. The central idea of these systems is 
to decompose the work performed by a worker into standard movements 
and elemental tasks.    

 The most widely used predetermined motion-time systems in the clothing 
industry are the MTM (Methods Time Measurement), and the WF (Work 

  16      Standard time  is the time that an averagely skilled worker requires to perform, at conven-
tional predetermined production conditions, using predetermined means of production and 
precisely defi ned method of work, at normal effort and fatigue, a precisely predetermined 
work (Polajnar,  2006 ).  

  17      REFA  (Reichsausschluss f ϋ r Arbeitszeitermittlung) – A committee for determining 
manufacturing times, established in Berlon, Germany in 1924. It changed its name in 1936 
into (Reichsausschluss f ϋ r Arbeitsstudien) Board of work study, and in this way broadened 
its activities into the whole area of workstudy. Its headquarters are in Darmstadt, Germany, 
where the REFA institute is situated as well (Anon.,  2004 ).  
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Factor) system. Predetermined motion-time systems have the advantage 
of elemental standard time systems in the sense that they can be used to 
develop standards and methods before a job exists. 

 Performance will vary with the skill and effort of the worker, so the 
observer must also estimate the worker’s performance relative to some 
hypothetical average worker operating at a normal level of effort. This 

tNtt = tpctt + ZnZZ t1tt

tptt = tpatt + tpartt + tprtttttt  = ttatt + ttartt + ttrtt

tpatt

tN1tt = tpctt  + t1tt

tpstt = tpntt (1 + Kd KK · KoKK )ttstt = ttntt  (1 + KnKK · KoKK )

tntt = to tt · KOPKK + r ·r σt ·σOP/100

titt  = tttt  + tptt

KoKKKnKK
KdKK

tdtt
tprrtt tcott

tprtttparttttatt ttrttttartt

tpctt = tprtt + tcott t1tt  = titt  (1 + KdKK )

6.23      Elements composing standard time. Notes:  t   N   order (series) 

manufacture time;  Tpz  preparing-completion time;  t  pr  preparation time; 

t  za  completion time;  t   t   technological time;  t  ta  machine technological 

time;  t  tar  machine-hand technological time;  t  tr  hand technological time; 

t  pa  machine auxiliary time;  t  par  machine-hand auxiliary time;  t  pr  hand 

auxiliary time;  t   p   auxiliary time;  t  N1  time of manufacturing a single piece; 

t   n   normal time (technological and auxiliary);  t  1  standard for a single 

product or operation;  t   i   product manufacturing time (technological 

and auxiliary);  Z   N   number of pieces in a series;  t   d   added time (make 

up for all the losses and stops – expressed with the coeffi cients  K   n  , 

 K  o ,  K   d  );  K   n   coeffi cient of effort;  K  o  coeffi cient environmental impact;  K   d   

coeffi cient of additional time;   σ   PR  standard deviation;  K  PR  coeffi cient of 

performance rating.  
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estimated performance is called the performance rating (Martinich,  1997 ), 
with values above 100% indicating greater than normal performance and 
values below 100% indicating less than normal performance. Performance 
ratings can be used to adjust the observed task time when establishing work 
standard. 

 The normal time  t   n  , otherwise known as basic time, can be expressed on 
the basis of the average value of the observed task time, considering coef-
fi cient of performance rating  K  PR , in the following form (Ramsauer,  2011 ):

   
t t K r tn t ⋅t ⋅rrt Kt Kt PR

100
σ σ

,
       

[6.8]
   

 where:

   
t

N
ti

i

N

ot
1

1
=

=
∑ ,

     
  [6.9]

    

   
KPR

PR

100
= ,

     
  [6.10]

   

 and where:

    K  PR      coeffi cient of performance rating,  
  PR      performance rating,  
   R       correction coeffi cient between the time and performance rating,  
   N       number of observations – measurement of work,  
    σ    t        standard deviation of time values,  
    σ   PR       standard deviation of performance rating,  
   t  o       average value of the observed task times.    

 Normal time can be determined also using the total elemental task time or 
total predetermined task time (e.g. from MTM or WF analysis). The total 
elemental task time  t   i  , which is the sum of the individual technological  t   t   and 
auxiliary time  t   p  , which can be the combination of the total machine auto-
matic  t   a   and the real times of the manual work  t   s  , can be expressed as:

   
t t t t t t t t t t t t ti tt p tt t a tt s pttt a pt s tt a tt ar tr pat pat r pt r+ttt +ttt a +tpt a +ttt a +ttr +tpat r ,

       [6.11]   

 where:

    t   i        normal time,  
   t   t        technological time,  
   t   p        auxiliary time,  
   t   ta        machine technological time,  
   t   ts        real technological time,  
   t   pa        machine auxiliary time,  
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t   ps        real auxiliary time,  
t   tar        machine-hand technological time,  
t   tr        hand technological time,  
t   par        machine-hand auxiliary time,  
t   pr        hand auxiliary time.    

 Since the real time is infl uenced by the effort due to working with heavier 
objects or tools, uncomfortable body posture and monotony of work, when 
determining the real (i.e. the actual manufacturing) time  t   s  , coeffi cient of 
effort  K   n  , and coeffi cient environmental impact  K   o   must be taken into 
account. The real manufacturing time  t   s   can be expressed in the following 
form (Polajnar,  2006 ):

t ts nt t n o⋅t ( )1 ,K Kn oK+ K )        [6.12]   

 where:

K   n        coeffi cient of effort and  
K   o        coeffi cient environmental impact.    

 If we accept that the real manufacturing time  t   s   is the technological  t   ts   and 
auxiliary  t   ps  , it can be expressed as:

ts tn n o⋅t ( )1 ,K Kn oK+ K )        [6.13]    

t tpst pnt n o⋅t ( )1 .K Kn oK+ K )        [6.14]   

 The normal time  t   i   obtained, Expression [6.8] and/or Expression [6.11], is 
the basis on which standard time  t  1  for a task or operation is calculated, 
which is obtained by taking into account the allowances, or so-called coeffi -
cient of additional time  K   d  ,  18   and can be calculated as follows:

   t t Ki dK1 1⋅ti +( ).        [6.15]   

 Standard time  t  1  expresses the amount of time that can be used by an aver-
age operator, or means of work, to perform a particular working task or 
operation, working in accordance with predetermined work-fl ow, follow-
ing the predetermined method of work and under the predetermined con-
ditions of the environment. It is the time needed, on average by a skilled 
and properly qualifi ed operator at a normal level of fatigue and effort, and 
under normal environmental conditions, to manufacture a single product or 
perform a single operation, and represents the so-called working standard. 

18      Coeffi cient of additional time   K   d   is time allowances for unavoidable delays (e.g., break-
downs), personal needs (restroom breaks), and worker fatigue, expressed as a fraction of 
total work time (Martinich,  1997 ).  
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 Regarding the manner of expressing the amount of work, the standard 
can be:

   time standard, expressed as the units of time necessary to manufacture a • 
single product or perform a single operation; or  
  work standard, expressed as the number of products that should be • 
manufactured in a shift or some other time unit.    

 Time standards have many important uses, although most companies use 
them primarily for planning. There are at least four uses for standard time 
data and work standards:

   Employee performance evaluation and compensation.  • 
  Production and personnel scheduling.  • 
  Product costing and pricing.  • 
  Process design and capacity planning.    • 

 Work standards, which specify how much output a worker should be able 
to produce or how much time should be spent on certain activities, play an 
important role in the planning and operation of organisations (Martinich, 
 1997 ).  

  6.9     Planning manufacturing operations 

 A starting point when designing or redesigning a manufacturing activity is 
to perform an operations analysis – dividing the process into elemental tasks 
that are necessary for manufacturing a particular model. Each of these tasks 
represents a separate unit of work or operation. For each task, it is necessary 
to estimate how long it would take to perform it. This estimate may be based 
on experimentation or established work standards. 

 An operation is a part of the work or technological process dealing with 
the processing of a predetermined area of a material or product, as a work 
piece, using a particular machine or tool. The sequence of operation in a 
working, that is, technological process, is the sequence during which a fabric 
or a body gradually changes its shape or properties, from a 2D fabric into 
the fi nal 3D product – an article of clothing. The work process involved 
describes the work that is supposed to be performed, throughout a particular 
organisational fl ow, by an operator or a group of operators at a workplace. 
The sequence of a work process matches the sequence of a workplace. 

 The operation plan, as the central document during the planning of 
manufacturing activities, consists of a general informative part, that is, 
model name, designation, short description, probably a model drawing, and 
data such as work order designation, who placed the order, date, etc., as well 
as a list of all the necessary operations to perform whilst manufacturing the 
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product. It also includes defi ning the sequence of operations within the pro-
posed manufacturing process, the necessary equipment, the level of com-
plexity of the planned work, and the standard time. The scope of selection 
when determining operations is limited by process planning, and the avail-
able machines and other processing equipment. The operation plan should 
be carried out separately for cutting, sewing and fi nishing, and used as the 
central document for planning. It is directly connected with other planning 
documents and with production management. An example of a part of the 
operation plan for sewing a man’s jacket can be seen in  Fig. 6.24 . The stan-
dard time within an operation plan can be expressed in seconds, minutes or 
hours, and is determined by employing methods for determining standards, 
that is, a selected method of work study.    

 Recapitulation of time should be done based on the fi nished technologi-
cal operation plan. Recapitulation of time can be done for:

   processing equipment, that is, particular machine groups of the same • 
type (e.g. for all basic or special sewing machines);  
  individual technological processes, that is, cutting, sewing, and fi nishing; • 
and  
  total manufacturing time.    • 

 Times for particular technological processes during clothing manufacturing 
are recapitulated by employing the following equations:

t t
i

i

n

cu cu

1=
∑ ,   [6.16]

    

t t
i

i

m

sw sw

1=
∑ ,   [6.17]

    

t t
i

i

k

fin ft inff

1=
∑ ,

       
[6.18]

   

 whilst the total manufacturing time by product unit is calculated as:

t t t t1 ct u st w ft inff+tct u ,   [6.19]   

 where:

t  cu      cutting operation time, in minutes,  
t  sw      sewing-operation time, in minutes,  
t  fi n      fi nishing operation time, in minutes,  
t  cu  i  

      the time for the  i th cutting operation ( i  = 1, 2, 3, …,  n ), in minutes,  
t  sw  i  

      the time for the  i  th  sewing operation ( i  = 1, 2, 3, …,  m ), in minutes,  
t  fi n  i        the time for the  i th fi nishing operation ( i  = 1, 2, 3, …,  k ), in minutes.    
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Plan for sewing operation Page: 1

Product type: men's jacket Model name: Artemis Season:  P0303

Collection: K2-12 Model signature: 235 

Production order DN0606/12 

Raw material composition 100 % wool 

Notes

Date 3. 3. 2012

Prepared by

No. Technological operation Seam/stitch
class and type 

Equipment
class and type

Standard time
t1/min  

01S Prepare bundle for sewing:
pocket flaps, breast welt, collars  

working board 2.80

02S Sewing pocket flap and trimming 1.01.01/301 sewing
automaton 

0.39

03S Shaping and pressing the flap Veit Varioset 0.47

07S Assembling upper collar and half-
moon fabric shape 

1.01.01/401 special sewing
machine 

0.25

08S Assembling top and bottom collar 1.01.01/301 basic sewing
machine 

0.25

13S Sewing front lining to facing. Sew
sew side panel seams 

1.01.01/301 basic sewing
machine 

1.30

14S Ironing the seams flat Veit Varioset 0,95

15S Making 4 piped pockets on the lining   5.17.01
(301.301)

sewing
automaton for
pocket piping  

1.10

35S Sewing a breast dart  6.05.01/301 sewing
automaton  

0.55 

37S Sewing side panel to the front part 1.0.01/301 sewing
automaton 

0.65 

38S Making central back seam 1.0.01/301 sewing
automaton

0.45 

39S Securing breastwelt pocket bar with
zig-zag stitch

5.30.01/304 special sewing
machine

0.80 

85S Sewing 3 buttons sewing
automaton

0.75 

86S Making (wrapping) button shank sewing
automaton 

0.35 

87S Additional ironing and quality control Ironing
machine 

2.20 

Total time  tsw = Σ 90.36

 6.24      A part of the sewing-operation plan for sewing men’s jackets.  
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 Manufacturing time values obtained from time recapitulation are used in 
the further data calculation necessary during planning manufacturing activ-
ity, but also in the process of capacity and term planning, when preparing 
calculations, when calculating costs, in production control, investment plan-
ning and the acquisition of economically viable equipment, calculation of 
wages, prices, etc. A schematic presentation of the operation plan’s role can 
be seen in  Fig. 6.25 .    

 Standard manufacturing time for a particular operation or product can 
be used to determine work duration or the time necessary to fulfi l an order 
(manufacture a series)  t   N  , using the following equation:

t t K tN Nt K+ttp 1,
       [6.20]   

 where:

t  pc       preparation-completion time,  
t  1       standard time per product unit,  
K  N       number of product units in the order.    
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6.25      Operation plan functions.  
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 Preparation-completion time is the time necessary for the preparation prior 
to manufacture and to prepare the workplace, as well as to get the work-
place into the initial state necessary for commencing the work. It should be 
noted that preparation-completion time appears only once, regardless of 
whether a single article is produced or the whole series.  

  6.10     Planning clothing assembly 

 Planning processes and operations deal with the processing of particular 
garment parts, whilst clothing assembly is planned separately, that is, as a 
process for determining the logical inclusions of particular constituent 
elements into a functional form – an article of clothing. Planning clothing 
assembly should be treated as a multi-stage procedure during production 
planning. The starting point of clothing-assembly planning is a structural 
problem, namely how to produce a predetermined product from an individ-
ual component, or so-called building elements, giving it a functional form. 
From the point of view of activities, clothing assembly includes:

   planning the assembly line; and  • 
  planning the assembly’s process fl ow.    • 

 When planning assembly process fl ow it is necessary to know the relation-
ship between particular assembly tasks, so as to ensure that the product is 
made from individual sets following a predetermined sequence. Planning 
assembly activities, determined in the form of a so-called assembly plan, is 
based on a sewing-operation plan, knowing the production lines, and know-
ing the systems involved in the technological process. 

 The purpose of a clothing-assembly plan is to defi ne the logical and  rational 
spatial distribution of operations, as related to assembly and pre-assembly 
lines, so as to ensure a continuous material-fl ow from one workplace to the 
other throughout the production line, without back-fl ow. Individual opera-
tions should be reasonably divided into the main assembly line and a num-
ber of auxiliary lines, or so-called pre-assembly lines, such as:

   pre-assembly line B (for smaller parts),  • 
  pre-assembly line C (for collars),  • 
  pre-assembly line D (for sleeves),  • 
  pre-assembly line E (for lining), etc.,    • 

 so that individual auxiliary lines are included within the main assembly 
line, thus ensuring a logical fl ow of the sewing process.  Figure 6.26  shows 
an example of an operational fl owchart for men’s jackets with an illus-
tration of the main assembly line and a logical incorporation of individ-
ual auxiliary (pre-assembly) lines. An operational fl owchart, that includes 
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01s

Small parts

02S 53S

Basic parts Collars

07S

08S

12S

Lining

13S

20S

21S

23S

37S

42S

45S

55S

04S

05S

06S

04M

24S

34S

56S

Assembly

57S

70S
71S

78S

Final pressing

79S

87S

Sleeves

6.26      Operational fl owchart for men’s jackets.  

material-fl ow, is a starting point for installing equipment in the sewing 
room, having in mind the previously determined capacity, and a prepared 
sewing process plan.     
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  6.11     Planning a process system for manufacturing 
operations 

 A prepared plan of technological operations and those predetermined 
activities included in clothing assembly are a sound basis for planning a 
process system. A process system is, according to REFA, defi ned as a system 
used for realising production orders, which involves people and the produc-
tion means (Anon.,  2004 ). Modern clothing factories use fi ve basic process 
systems. These are:

   1.     Line process system  
  2.     Phase process system  
  3.     Combined process system  
  4.     Flexible process system and  
  5.     Cellular system.    

  6.11.1     Line process system 

 The line system, also known as the line process, is based on a production 
line, where operations regarding the working group’s rhythm follow a chro-
nological sequence and each other, as shown in  Fig. 6.27 . Processing stages 
in continuous fl ow processes are so tightly connected that it is essential for 
processing times to be the same at each production stage. All the opera-
tions are performed simultaneously, but with each at its own workplace. 
In the linear process system, the production process is uninterrupted from 
one workplace to the other, and no phase storage is necessary. Despite the 
variety of linear system models, this process cannot be recommended for 
the clothing industry and is seldom used (probably only in knitted garment 
manufacture).     

  6.11.2     Phase process system 

 The phase process system is a system in which particular operations are, due 
to manufacturing process complexity, joined into functional groups; the so-
called sections or phases, as shown in  Fig. 6.28 . This manufacturing process 
is usually divided into phases that follow one another. Depending on the 

Material flow – semi-finished products

 6.27      Line process system.  
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activities involved, they can be pre-assembly or assembly phases. Pre-assembly 
phases are designed primarily for the manufacture of individual smaller units 
(smaller parts during the manufacture of jackets, trousers, collars, sleeves, lin-
ing, etc.). It is not usually used as an independent system but in combination 
with a line one, and is characterised by phase storage.     

  6.11.3     Combined process system 

 The combined process system is a combination of line and section 
systems, utilising the advantages of both, thus enabling an uninter-
rupted manufacturing process fl ow, and ensuring rational material-fl ow. 
Depending on the nature of the work and operational structure, the pro-
cess of manufacturing individual smaller garment units or sets of gar-
ments in the forms of pre-assembly parts, is organised during the section 
part of the system, whilst assembly activities (activities involving the logi-
cal joining of individual components, the so-called building elements, into 
a functional form – an article of clothing – see  Fig. 6.26 ), are performed 
on the main assembly line, following the principles of the line system, as 
shown in  Fig. 6.29 . The combined system offers, based on adequate plan-
ning, a balanced production process fl ow and uninterrupted material-fl ow 
from one workplace to the next, making it the most appropriate system 
for the clothing industry. It includes more operators who perform a single, 
or two or more operations.     

  6.11.4     Flexible process system 

 The fl exible process system is a system offering high process adaptability for 
various models and their associated material-fl ow requirements, or provid-
ing workplaces with adequate materials and/or work pieces. These systems 
are able to adapt to a wide diversity of models, both from the point of view 

Phase storage

Supply

6.28      Phase process system.  

�� �� �� �� �� ��



194 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

of operational type and structure, and the selection of adequate equipment. 
Their adaptability can be attributed to:

   modern phase work piece transport systems ensuring that workplaces • 
are directly supplied, regardless of their spatial distribution within the 
plant; and  
  implementation of proper transport vehicles and fl exible stands that offer • 
a direct supply to individual workplaces employing manual transport.    

 Direct workplace supply, either employing the mechanical means of phase-
transport or appropriate transport vehicles, is fl exible enough to eliminate 
the need for adapting processing equipment to each model, regardless of 
the chronology of the operation’s fl ow. This adaptation is only usually done 
at more distinct changes in the model or fabric type.  

  6.11.5 Cellular manufacturing system 

 The cell-system, also known under the acronym Cellular Manufacturing 
(CM), can be defi ned as an application of group technology (GT), which 
denotes an organisational method based on a group technology concept, 
where a particular organisational unit, also called a cell, constitutes an inde-
pendent technological whole for manufacturing a component or a group of 
work pieces, which disposes with all the necessary processing equipment 
and auxiliaries (Burbidge,  1991 ). The origins of this concept can be traced to 
the 1980s, when J. L. Burbidge ( 1975 ) in his book,  The Introduction of Group 
Technology , introduced the concept of cell-technology. 

II. Phase

I. Phase

III. Phase

Main assembly line

Material flow

Phase storage

S
up

pl
y

P
ha

se
 s

to
ra

ge

Phase storage

 6.29      Combined process system.  
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 The importance of CM systems has grown over the course of the past 
20 years or so. Investigations indicate that between 43% and 53% of com-
panies in the USA and the UK use this system (Johnson and Wemmerlov, 
 2004 ), and this percentage grows to 73% for companies employing 100 or 
more people (Fraser and Harris,  2007 ). The 1990s witnessed attempts to 
adapt clothing manufacturing processes to new strategies, known under the 
acronyms Quick Response System (QRS) and Just in Time (JIT) which 
introduced the cell-system into the clothing industry as well. At the begin-
ning, modules were developed for manufacturing simple and less demand-
ing garment models. However, practice proved that joining modules could 
result in effi cient production of the most demanding models. 

 The concept of a CM system, where individual modules constitute an 
independent technological cell, differs from the other systems in that:

   (a)     a modular-based cell constitutes an independent technological unit, 
which integrates the entire processing equipment necessary for manu-
facturing a particular model (the operator often has three machines at 
his/her workplace, or even more: a basic sewing machine, a special sew-
ing machine, and a machine for phase ironing);  

  (b)     the operator has to master all the equipment and perform a number of 
operations (because of the model’s diversity and clothing manufactur-
ing technology he/she has to be skilled in performing up to 20 or even 
more technological operations); and  

  (c)     individual cells are independent of the operators and the resources 
used during the manufacture (the same operator or the same equip-
ment can be involved in one or more cells, as seen in  Fig. 6.30 ).       

 Overhead phase-transport or conventional transport vehicles and fl ex-
ible stands can be used within each cell, which ensures the system’s high 
fl exibility. A modular unit or cell, composed of a smaller group of opera-
tors (8 to 10 or 12 people at the most) is planned as a self-organising and 
self-learning unit, with special emphasis on teamwork and direct operator 
participation during the manufacturing process. This unit usually has no 
direct leader and all the operators are in charge of manufacturing process 
organisation, eliminating stoppages, auto-control, and control after each 
phase. 

 The cellular concept is characterised by high-adaptability to changes in 
manufacture, as well as by its high-effi ciency and product quality. It is also 
distinguishable by its humane work and high degree of operator satisfac-
tion. Despite excellent results, the cellular concept is seldom encountered in 
Slovenia (it is often treated as a trial system, intended for the manufacture 
of models in small series, prototypes, and collections). However, practical 
experience has shown some success for this concept in Slovenia as well. A 
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good example of cell-based production can be seen in Escada’s daughter 
companies Elos – Escada, Ltd., and Epas, Ltd., at Gornja Radgona. The lay-
out of the equipment for one of the manufacturing cells designed within the 
Epas company can be seen in  Fig. 6.31 .      

  6.12     Planning clothing manufacturing processes 

 Planning clothing manufacturing processes plays an important role during 
process management. Its task is to form a so-called process plan, based on 
an understanding of operations, necessary equipment, and associated stan-
dard time. This plan is supposed to ensure a continued process fl ow and, 
related to this, a continued material-fl ow from one workplace to the next, 
which is a basic prerequisite for an effi cient and high-quality clothing manu-
facturing process. 

 This means that the expert designing the plan should study, in detail, the 
implementation of adequate methods and accessories when performing high-
quality, fl exible, and cost-effective processes, and determine the time neces-
sary for performing them, based on workplace or operator utilisation levels. 

 The process plan, as a basic document during production and phase-
transport management, is designed on the basis of an operation plan and 
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 6.30      CM system as independent technological units.  
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a clothing assembly plan, whilst special attention should be paid to the 
following.  

   Workplace or operator utilisation levels regarding the complexities of • 
the operations and operator’s skills.  
  Functionally joining operations (if operator utilisation is insuffi cient) • 
regarding workplaces, meaning that, at a particular workplace, opera-
tions similar in manner of performance should be organised.  
  Workplace design.    • 

 Clothing manufacturing process planning, which results in so-called process 
plans (e.g. cutting, sewing, and fi nishing), is based on the information that 
has its origins in:

   standard time (as determined within the operation plan);  • 
  daily working hours; and  • 
  production unit or working group capacity (number of operators and • 
available processing equipment).    
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6.31      Layout of designed cell as an independent technological unit, in 

the sewing room of the company Epas, Ltd.  
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 By respecting the nature of work and the specifi c characteristics of par-
ticular clothing manufacturing processes, process planning is performed 
separately for cutting, sewing and fi nishing. Provided the organisation of 
work allows it, planning the processes of cutting and fi nishing can be done 
for more than one product or model, meaning that the plan for the cutting 
and/or fi nishing processes involves more models, whilst planning the sew-
ing process must be done for each model separately, or for each production 
unit/cell. 

 The completed process plan includes:

   the necessary number of operators;  • 
  production unit or working group capacity;  • 
  operator capacity;  • 
  working group rhythm;  • 
  workplace or operator utilisation; and  • 
  the necessary amount of processing equipment.    • 

 Planning the necessary number of operators is done using daily capacity:

   
D

C t
t
d

dn

= 1 ,

       
[6.21]

   

 where:

    D      necessary number of operators,  
   C   d       daily capacity in pieces,  
   t  1      manufacturing time per product unit, in minutes,  
   t   dn       daily working time, in minutes.    

 The expression [6.21] can be used to calculate daily capacity  C   d  :

   
C

D t
td

dn=
1

.

       
[6.22]

   

 Production unit or working group daily capacity can be determined using 
the known values of the working group rhythm  R  ds , using the expression:

   
C

t
Rd

dn=
ds

.

       
[6.23]

   

 Processing equipment planning is determined on the basis of the necessary 
equipment number  N  TO , which is calculated using the general expression:

   
N

C t
t

d

dn
TO

TO= ,

       
[6.24]
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 while the necessary amount of particular processing equipment is calculated 
using the following expressions:

N
C t
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PS

PS= ,

       
[6.25]
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 where:

N  TO      necessary number of processing equipment, in pieces,  
N  PS      necessary number of laying machines, in pieces,  
t  PS      the time for performing laying operations on laying machines, in 

minutes,  
N  KrA      necessary number of automatic cutting machines, in pieces,  
t  KrA      the time for performing layer cutting operations using automatic 

cutting machines, in minutes,  
N  BS      necessary number of basic sewing machines, in pieces,  
t  BS      the time for performing sewing operations on basic sewing 

machines, in minutes,  
N  SS      necessary number of special sewing machines, in pieces,  
t  SS      the time for performing sewing operations on special sewing 

machines, in minutes,  
N  SA      necessary number of sewing automata, in pieces,  
t  SA      the time for performing sewing operations on sewing automata, in 

minutes,  
N  LS      necessary number of ironing machines, in pieces,  
t  LS      the time for performing ironing operations on ironing machines in 

minutes.    

 The working group rhythm  R  ds , defi ned as the time planned for a work piece 
to remain at a workplace, is calculated as follows:
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t
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  [6.31]   

 or from the daily capacity:

   
R

t
Cd

ds
dn= ,

     
  [6.32]

   

 where:

    R  ds      working group rhythm, in minutes,  
   t  1      manufacturing time by product unit, in minutes,  
   D      number of operators,  
   C   d       daily capacity, in pieces,  
   t  dn      daily working time, in minutes.    

 The clothing industry uses working group rhythm  R  ds  to calculate the work-
place utilisation level  S  dm  or operator utilisation level  S   D  ; this level being 
expressed as follows:

   
S

t
Rdm

1

ds

100,= ×1

     
  [6.33]

   

 where:

    S  dm      workplace utilisation, in %,  
   t  1      the time for performing a technological operation, in minutes.    

 Workplace utilisation may be the same as operator utilisation, or may dif-
fer from it, depending on the operation’s duration and daily capacity. When 
performing a particular operation it is often connected with predetermined 
equipment, the workplace utilisation level being determined by the duration 
of the operation and daily capacity. For example, if the workplace utilisation 
level is  S  dm  < 100%, the operator is assigned an additional technological 
operation (or more operations), so as to reach an approximately 100% level 
of operator utilisation ( S   D   ≅ 100%). 

 In order to plan real process fl ow properly, it is necessary to know the 
workplace utilisation level and operator effi ciency.  19   When planning a pro-
cess, special attention should be paid to the functional combination of oper-
ations (in case of insuffi cient operator utilisation level), the aim being to 

  19      Effi ciency  – defi ned by the number of products the operator produces in a unit of time. An 
operator’s working effi ciency is measured by the amount of work he/she performs in a unit 
of time. It has a tendency of varying in the course of working hours.  
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perform operations at the same workplace whenever possible. Additionally, 
operators should be trained in the high-quality performance of more than 
one operation, so that a change in operations does not have a detrimental 
effect on the working group’s rhythm, that is, on reaching the norm.  20   

 Operations differ according to performance, processing equipment, and 
duration, which means that it is necessary during process planning to ensure 
a uniform operator utilisation level. This should be around 100% as, regard-
less of the normal conditions of the manufacturing process, individual effi -
ciency may vary due to differences in the abilities of individual operators 
and their degree of fatigue. Some variations can be allowed, provided we 
are familiar with the complexity of the operation, the production capacity of 
the equipment used, and the individual abilities and skills of the operators. 
 Figure 6.32  shows an example of part of the process planning (this docu-
ment presents plans for the sewing process of a man’s jacket).    

 The completed plan contains the calculations for individual work pieces 
and operator utilisation levels, the necessary number of operators and 
the necessary amount of processing equipment. The process plan is used 
as a basis for recapitulating the overall number of necessary operators 
and processing equipment pieces. A specifi cation is made of the neces-
sary equipment for the processes of cutting, setting, sewing and fi nishing, 
using the plans for individual processes. The specifi cation of the necessary 
equipment for a particular production order can be obtained from the 
processing equipment recapitulation.  Figure 6.33  shows an example of the 
equipment recapitulation needed to perform the process of sewing men’s 
jackets.    

 The process plan, designed separately for cutting, sewing and fi nishing 
processes, is used as a central document during production, phase control, 
and management, and is a foundation for equipment lay-up. Its function as 
a central document is to ensure uninterrupted material-fl ow from one work-
place to the next, and it is connected with the other documents included in 
production planning and control, as shown in  Fig. 6.34 .    

 Proper production system design enables the determination of material, 
energy and information fl ow, as well as fulfi lling numerous other require-
ments, which ensures the basic process functions as a system (Ger š ak 
 et al .,  1994 ). In this way, for example, adequate workplaces are determined 
based on material-fl ow and available working areas. An area intended 
for a working process is composed of the working area, preparation area, 
transport routes, and areas for phase storage. A workplace working area 
should be properly designed so as to ensure an optimal effect for the 

  20      Norm  is the time necessary for an averagely skilled operator to perform, under normal 
manufacturing conditions, using predetermined equipment, in a precisely determined man-
ner, at normal effort and fatigue, precisely predetermined work.  
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Sewing process plan Page: 1

Product type: men's jacket Model name: Artemis Season:  P0303

Collection: K2-12 Cut designation: 235

Production order DN0606/12

Production unit designation PE08

Production unit daily capacity 300 pieces

Manufacturing time 90.36 minutes

Number of operators 56

Working group rhythm RdsRR 1.61 minutes

3. 3. 2012Deta

Prepared by:

Workplace
mark

Technological operation Time

ti/min

Workplace

utilisation

level

S
dm

 /%

Number of

operators

required

Operator

utilisation

level

SD/%

Processing equipment

Mark Name Name and
designation

Necessary
number

1 2 3 4 5 6 7 8 9

01S Preparing layers for sewing, pocket
flaps, breast welt, collars

2.80 173.91 working

table
2

58S Mark bottom collar in the neckline 0.60 37.27 working

table

1

DM01-2 211.18 2 105.59 3

07S Sewing front lining onto front edge

and sewing side parts onto front

ones
1,30 80.74 BS 275 1

21S Joining lining on the back, side and

shoulder, sewing lining onto the

collar

2.05 127.33 BS 275 1

DM27-28 208,07 2 104,03 2

50S Sewing side seams 1.13 70.18 BS 275 1

52S Joining jacket on the shoulder 0.80 49.69 BS 275 1

60J Sew peak lapel with template 0.90 55.90 BS 272 1

61S Sewing front edge and trimming 2.10 130.43 BS 272 2

DM43-45 306.20 3 102,07 5

Recapitulation 90.36 56 73

 6.32      A part of the sewing process plan for a men’s jacket. 
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6.33 Summary of the equipment needed for sewing a men’s jacket.

*Designation of equipment concerns the code from technical 

specifi cation in Processing equipment description (6.6).

 Recapitulation of sewing process equipment Page: 1

Product type: men’s jacket Model name: Artemis Season: P0303

  

Collection: K2–12 Cut designation: 235

Production order DN0606/12

Production unit designation PE08

Production unit daily capacity 300 pieces

Date 3. 3. 2012

Prepared by:

Number Design.* Equipment 

name

Manufacturer Equipment Planned 

number

Class and 

type

01 TO-BS08 basic sewing 

machine

D ü rkopp Adler 272 140042 / 

E21

3

02 TO-BS04 basic sewing 

machine

D ü rkopp Adler 272 140042 / 

E53

5

03 TO-BS02 basic sewing 

machine

D ü rkopp Adler 271 140042 / 

E27

2

04 TO-BS05 basic sewing 

machine

D ü rkopp Adler 219 124176 / 

E114

2

05 TO-BS19 basic sewing 

machine

D ü rkopp Adler 219 115156 1

16 TO-SS08 special sewing 

machine

Pfaff 3822–1/44 1

17 TO-SS03 special sewing 

machine

D ü rkopp Adler 550–12–12 1

18 TO-SS12 special sewing 

machine

D ü rkopp Adler 55016–6/E6 2

22 TO-SA12 sewing 

automaton

D ü rkopp Adler 742–115–1-1 1

23 TO-SA04 sewing 

automaton

Recce S 2000 1

33 TO-LS07 special ironing 

press

Hoffman HKR 1

 Total  73 
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system’s man-machine system interface (Ger š ak, 1986,  1989 , 17; Kroemer 
and Grandjean,  1999 ). 

 Various technological studies have shown that around 30% of total cloth-
ing manufacturing time relates to cutting, sewing and fi nishing, whilst 70% 
involves working-process preparation, phase-transport, the picking-up, 
positioning, measuring, checking, control and laying-off of the work piece. 
The machine time-share and equipment utilisation level can be increased 
through better and more rational workplace design, and the implementa-
tion of proper work methods (Ger š ak, 1986;  Ž uni č  Lojen and Ger š ak,  1991 ; 
Bezjak and Ger š ak,  1996 ; Kobayashi,  2003 ). 

 Workplace design is a set of activities that should be performed system-
atically from the points of view of:

   (a)     technological workplace design, by the selection of proper equipment 
and designing methods of work that represent the most important 
areas;  

Planning manufacturing activity

Operation
basis

Standard time
ti

Number of
operators in a
working group

Loadwork
per operator

Combining
operations

Necessary
equipment

Necessary
auxillary

equipment

Production management and control

Working
group rhythm

Process plan

Necessary
number of
operators

 6.34      Process plan functions.  
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  (b)     technical workplace design, which includes designing workplaces from 
equipment and accessories selection (various guides, apparatuses and/
or auxiliary devices) to equipment selection regarding the operation 
type to be performed;  

  (c)     ergonomic workplace design, based on ergonomic principles, being a 
starting point for more humane working conditions.    

 Planning a rational process requires a workplace to be designed in such a 
way as to enable the operator to perform his/her work effi ciently and at 
 normal levels of fatigue. It can be done providing the workplace is (Kroemer 
and Grandjean,  1999 ):

   adapted in shape and dimensions to the human body and musculoskel-• 
etal system fl exibility;  
  designed so that the operator assumes the posture required using the • 
minimum amount of effort; and  
  provided with equipment matching physiological and psychological • 
properties of the human body.    

 Apart from a properly designed workplace, adequate and optimal layout 
of equipment within the production system plays an important role, as it 
impacts work piece, information and energy-fl ow. 

 Properly selected material-fl ow is one of the basic requirements for an 
adequately functioning working system, and for ensuring adequate start-
ing values (Kobayashi,  2003 ). Proper processing equipment layout enhances 
material-fl ow, improves working effi ciency, and the effi ciency of the equip-
ment used. Security precautions at work should also be respected and mea-
sures taken to prevent accidents and injuries at work (Council Regulation 
(EC) No 1112/2005).  

  6.13     Conclusions 

 Planning clothing manufacturing is a very complex process, characterised by 
the globalisation (as a rapid rate of change in both technology and the mar-
ketplace) that has created an enormous strain on existing planning clothing 
manufacturing and consequently on production management. According to 
the complexity of clothing manufacturing processes, planning manufactur-
ing activities plays an important role from the point of view of quality as 
well as regarding the question of how to be competitive within the market. 
The large diversity of models and fabrics used, the numerous manufacturing 
operations, and the growing requirements regarding quality, and unique-
ness of clothing, as well as the requirement to shorten manufacturing and 
delivery times and reduce costs, requires extra effi cient, fl exible and quality 
planning of all manufacturing activities. 
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 To achieve these objectives we have presented in this chapter the pro-
cess of clothing production planning based on a systematic approach to the 
analysis of clothing manufacturing and selection of appropriate processing 
equipment, work study and work methods, as the basis for the design of 
individual work operations. Special focus has been given to the breakdown 
of work processes and methods of work, because the choice of adequate 
work methods is of extreme importance for planning and optimising sew-
ing, primarily due to the high level of complexity regarding the process and 
also because of general requirements when performing sewing operations. 
A properly selected method of work offers the possibility of sewing longer 
segments of seam contours without interruption, which is refl ected in higher 
seam quality, as a more uniform sewing process fl ow ensures lower oscilla-
tions in the stitching speed and shortens the manufacturing time. 

 Based on this knowledge, special attention has been given to the planning 
of manufacturing operations and clothing assembly, and preparation of key 
documents such as the operation plan and clothing assembly plan, respec-
tively the operational fl owchart, and planning a rational system for man-
ufacturing. Finally, the clothing manufacturing planning process has been 
presented. Its task is to form a so-called process plan, which is supposed to 
ensure a continued process fl ow and a continued material-fl ow, which is a 
basic prerequisite for an effi cient and high-quality clothing manufacturing 
process.  
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 Clothing production management   

   DOI : 10.1533/9780857097835.209 

  Abstract : This chapter reviews planning, scheduling, monitoring and 
control activities. The chapter then discusses costs in production, including 
calculations. Finally, control in production planning and management is 
discussed. 

  Key words : clothing manufacture, production management, planning, 
scheduling, monitoring, control, cost, calculation, controlling. 

    7.1     Introduction 

 Production management encompasses the activities of planning and manag-
ing manufacture and assembly, from the points of view of capacity planning 
and scheduling, as well as production monitoring and control. Production 
management includes all those activities and actions necessary to realise 
an order, and is based on the results of adequate production planning. The 
relationship between target sales volumes, on the one hand, and available 
capacity, on the other, vary signifi cantly from month to month. It is thus 
necessary to match target sale volumes with available production capacity. 
Achieving a match requires an operational production plan. The basic aims 
of operational plans are to plan production fl ow whilst minimising costs with 
rational, continuous utilisation of the workforce, materials and processing 
equipment. It is essential to ensure a smooth production process fl ow which 
dispatches products on time (Chase  et al .,  2005 ). 

 Production management includes the precise coordination of all activities 
involved in monitoring the manufacturing process. Coordination is impor-
tant to ensure that all manufacturing capacities are utilised, whilst monitor-
ing of the manufacturing process is needed to maintain this coordination 
and ensure that the manufacturing capacities are utilised as planned. Thus, 
production management dictates ‘ What ’, ‘ When ’ and ‘ Where ’ to produce, 
and includes the following:

   production planning,  • 
  timing of manufacturing activities or scheduling and  • 
  production monitoring, which includes production capacity and sales • 
and procurement.    
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 The ‘ When ’ element represents the crux of all planning, and the timescale 
dictates which activities have to be performed and when they should be 
completed, while the ‘ What ’ and ‘ Where ’ elements require coordination 
along the time axis to ensure that they are available when required. This is 
the most important planning function, because seasons have fi xed starting 
and fi nishing terms and exact timing is necessary to fully exploit the selling 
periods available. 

 Besides planning functions, the aims of production management are:

   high capacity utilisation,  • 
  short material fl ow-time,  • 
  optimal capital utilisation with low operating and workforce costs,  • 
  lower stocks in storage and high fl exibility.    • 

 Production management involves the following important activities:

   determining the necessary production capacities,  • 
  production planning,  • 
  timing of manufacturing activities,  • 
  compiling technical data for planning calculations,  • 
  planning basic and auxiliary materials, and their procurement,  • 
  issuing work orders,  • 
  planning fabrics for cutting,  • 
  production monitoring.    • 

 The key role from among the above activities is issuing work or production 
orders, because these encompass most of the technical documents necessary 
for organising and managing a production process effi ciently. Work orders 
should be prepared with care and are issued for the processes of cutting, 
sewing and fi nishing, and include also those documents necessary for taking 

...From the point of
view of the product

Garment design
analysis Product order

Planning

Planning

Planning
manufacturing activity

Product development

Planning

Planning

Scheduling

Manufacturing process

Basic process Management

...From the point of view

of the basic process

Manufacturing
process planning

Operational planning

Order

Scheduling

Production management

Monitoring and
control

Model/prototype

 7.1      Production management’s role and function.  
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materials from the storeroom and dispatching fi nished products into appro-
priate storage. From the point of view of the work as a whole, it is salient 
that production management should be organised to direct and coordinate 
a production process effi ciently.  Figure 7.1  describes the role and function 
of production management. Data fl ow and data processing play key roles in 
the process, thus making automatic data processing unavoidable.     

  7.2     Determining production capacity needs 

 Production capacity is the ability of an enterprise or production unit to 
produce a certain number of products in a certain time. Production capac-
ity is determined by the capacity of manufacturing equipment, and can be 
defi ned by:

   the type and quantity of processing equipment,  • 
  the number of operators,  • 
  the type and number of products or models to be produced,  • 
  the market.    • 

 Production capacity is calculated on the basis of:

   the fund of working hours,  • 
  number of operators,  • 
  daily working time,  • 
  time to manufacture a single product,  • 
  productivity level.    • 

 The fund of working hours can be calculated per year or per day. The fund 
of working hours per year  t  Fy  can be calculated as follows (Collins and 
Glendinning,  2004 ; Anon.,  2011a ; Rogale  et al .,  2011 ):

   t t D NFy d ⋅td y ,     [7.1]   

 whilst the fund of working hours per day  t  Fd , can be expressed as:

   t
t

N
t DFd

Fy

d= =
y

,     [7.2]   

 where:

    t  d  daily working time,  
   D  number of operators,  
   N   y   number of working days in a year.    
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 Daily production capacity  C   d   can be determined from daily working time 
as follows:   

 C
t
t

t D
td = =Fd

1

d

1

.     [7.3]   

 Production capacity  C   y   may be calculated by:   

 C
t

t

t D N

tiy

y= =
⋅DFy

1

d

1

,    [7.4]   

 where  t  1  is the manufacturing time for a single product, expressed in min-
utes. The necessary number of operators  D  can be calculated from capacity, 
using the following equation:   

 D
C t

N t
i

= y

y

1

d

.     [7.5]   

 To calculate yearly or daily capacity, various products, each of which may 
have different manufacturing times, must be taken into account. The gen-
eral equation above is therefore corrected using the factor  K   i  /100, where  K   i   
means the shares of particular models as a percentage. In this way, individ-
ual partial capacities can be calculated, whilst the yearly partial-production 
capacity  C y i 

   can be expressed as:   

 C
t D N

t
K

y
i

i
=

⋅D
⋅d

1 100

y
.     [7.6]   

 The necessary partial number of operators  D   i   can be expressed as:   

 D
C t

N ti = y

y

1

d

.     [7.7]   

 Daily partial-production capacity  C d i 
   is calculated using the equation:   

 C
D t

t
K

d
i

i
= ⋅d

1 100
,     [7.8]   

 whilst the necessary daily partial number of operators  D d i 
   is defi ned by the 

following equation:   

 D
C t

td
d

i

i= 1

d

.     [7.9]   
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 The target yearly production capacity is determined using the sum of the 
partial capacities:

C Cy
i

n

iy
=
∑

1

,     [7.10]   

 and the overall number of necessary operators is determined from the sum 
of the partial numbers of operators, using the equation:

D Di
i

n

=
∑

1

.     [7.11]   

 The number of working days required for an order can be calculated accord-
ing to the following expression, using the known production capacity:

N
K
C

K t
D td

N

d

N= = 1

d

    [7.12]   

 where:

D  number of operators,  
K   N   number of products in the production order, in pieces,  
N   d   the necessary number of working days to realise the order.     

  7.3     Production planning 

 Production planning is linked with sales planning, following product plan-
ning by type, quantity, and schedules over a planned period. Production 
planning can take into account days, weeks, or the whole season, see  Fig. 
7.2 . This type of production planning depends on an accurate and properly 
balanced production plan, determining what will be produced, the amount 
to be produced, and the time needed to produce it.    

  7.3.1     Daily production planning 

 Daily production planning depends on three factors:

   1.     productivity level,  
  2.     effective manufacturing time for a single product,  
  3.     daily planned capacity.    

 Productivity as a measure of worker effi ciency (productivity level  S   p  ) is cal-
culated by:
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  7.2      Production planning.  

   
 S

t
tpS = ⋅1

ef

100,     [7.13]   

 where:

    S   p   % productivity level,  
   t  1  manufacturing time for a single product in minutes,  
   t  ef  effective manufacturing time in minutes,    

 whilst the effective time  t  ef  is determined from the productivity level, using 
the equation:

   
 t

t
SpSef

1= ⋅100.     [7.14]   

 Daily planned production capacity  C  dp  can be calculated as follows:   

 C
D t

tdp = d

ef

.     [7.15]   

 Daily effective working time  t  def
  for a shift is determined on the basis of an 8 

h working time  t  d , and by taking into account the following:    

Sales planning

Product type
Standard

time ti
Quantity

Daily planning

Production
flow time

Weekly planning Seasonal planning

Production planning
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 Daily effective working time per shift can be expressed as:

t td dtef
−tdt ( )t t t tcpn pe+tpn ,     [7.16]   

 where:

t  d  daily working time in minutes,  
t  def

  daily effective working time in minutes.     

  7.3.2     Weekly production planning 

 Weekly production planning is made for one or more weeks, and depends 
on the:

   number of products or models,  • 
  time necessary to manufacture a single product or model,  • 
  number of operators,  • 
  fl ow-time or throughput-time.    • 

 The available number of working days for each work order is the start-
ing point for calculating weekly capacity. The number of working days  N   d   
required for a weekly plan is calculated using Equation [7.12]. A weekly 
capacity plan involves differing products and models. This means it is impor-
tant to know the fl ow-time or through put-time. Flow-time consists in: time 
spent preparing and processing; the waiting time before and after process-
ing; control and transport times. It is the time required for a product to pass 
through a manufacturing process (i.e. through cutting, sewing and fi nishing). 
Flow-time  t  pc  is composed of three partial fl ow-times:

t t t tpc pck pt cs pcf+tpck ,        [7.17]   

 where:

t  pck  cutting fl ow-time in minutes,  
t  pcs  sewing fl ow-time in minutes,  
t  pcf  fi nishing fl ow-time in minutes.    

  t   lb    Lunch break  30 min 

  t   pn    Time for physiological needs  5 min 

  t  pe   Planned break in the form of physical exercise  2  ×  5 min 

  t   c    Time necessary to clean the machine  5 min 
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 Individual partial manufacturing fl ow-times are defi ned as follows:   

 t
K
C

tN
pck

dk

pk= +N ,        [7.18]    

   t
K
C

tN
pcs

ds

ps= +N ,        [7.19]    

   t
K
C

tN
pc

df

pff
= +N ,     [7.20]   

 where:

    K   N   number of products in the work order, in pieces,  
   C  dk  cutting room daily capacity, in pieces,  
   C  ds  sewing room daily capacity, in pieces,  
   C  df  fi nishing daily capacity, in pieces,  
   t  pk ,  t  ps  and  t  pf  time necessary for preparation, phase-transport and 

phase-storage in the cutting room, sewing room, and fi nishing.    

 There are three methods of workfl ow, from the point of view of an indi-
vidual processing schedule:

   1.     In a consecutive workfl ow, individual manufacturing processes follow 
one another without interruption. It is characterised by the longest 
fl ow-time. Flow-time in this method is expressed as follows:     

   t t t t
K
C

t
K
C

t
K
C

tN

d

N

d

N

dk sd d fd
pc pck pt cs pcf pC

t k pC
t s pC

t fzap
+tpck =tpcf + +tpt k + +tpt s + .        [7.21]    

   2.     In an overlapping workfl ow, the activity of a planned process is per-
formed, or initiated, whilst the activities of the previous process are still 
going on. Flow-time is reduced, and can be expressed as:        

 t t t t t
K
C

t
K
C

tN

d

N

ds fd d
pc pc pcf pt cf pCk-zac pC

t S pC
t fdpr k-zac

+tpc =tpt cf + +N + +N ,        [7.22]    

    where  t  pck-zac  is the initial cutting fl ow-time.  
  3.     In a parallel or simultaneous workfl ow, an activity belonging to one 

process is performed simultaneously with the activities of the follow-
ing process. Flow-time is signifi cantly reduced and can be calculated as 
follows:     
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t t t t t
K
C

t tN

dsd
pc pc pcs pt cf-zak pCk-zac pC

t S pt Cvzp kpc -zac f-zak
+tpc =tpt cf zak + +N ,        [7.23]    

   where  t  pcf-zak  is the fi nal processing time.    
 Planning fl ow-time plays an important role in production planning and 

management. A schematic representation of the methods of scheduling 
individual processing within clothing manufacture is given in the Gantt 
chart in  Fig. 7.3 .     

  7.3.3     Seasonal production planning 

 Demand for garments is primarily seasonal, since most customers decide 
to buy spring or summer garments from April to mid-June, and autumn or 
winter garments from September to the beginning of December. This calls 
for adequate production planning. Seasonal production planning depends 
on the number of collections and generally includes two seasons:

   1.     Spring − Summer,  
  2.     Autumn − Winter.    
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7.3      Methods of scheduling production fl ows in the clothing industry. 

(a) Consecutive method of production fl ow. 

(b) Overlapping method of production fl ow  . 

(c) Parallel or simultaneous method of production fl ow  .  

�� �� �� �� �� ��



218 Design of clothing manufacturing processes

© Woodhead Publishing Limited, 2013

 Product capacity for a particular season is determined on the basis of daily- 
or yearly-planned capacities. The following aspects of preparation play an 
important part in seasonal production planning:

   seasonal plan for collection preparation,  • 
  seasonal plan for collection manufacture,  • 
  seasonal manufacturing plan.    • 

 These plans include the time needed to prepare or manufacture the collection, 
or to manufacture the required garments. These plans defi ne how long collec-
tion preparation takes, collection manufacturing and production fl ow, as well 
as requirements for equipment, materials and workers. When assigning orders, 
those generating higher profi t should have preference, being more favour-
able for company development. The following factors in production should be 
taken into account during production planning (Ger š ak and Pevec,  1993 ):

   short procurement terms,  • 
  short innovative time for the preparation of new products or collections,  • 
  higher quality,  • 
  parallel production by different fl exible working groups for various sizes, • 
for example, manufacturing the collection and adapting the production 
programme to market demands and market abilities.    

 A well-planned production schedule has an important impact on the quality 
of the manufacturing process to be performed.   

  7.4     Production scheduling 

 Due to problems of seasonal discrepancies in orders, production orders are 
condensed into certain periods. This is particularly true for some geograph-
ical areas, as seasons vary around the world. Currently, whilst the ability to 
produce is uniformly distributed on the one hand, on the other schedules 
for orders are unevenly distributed, as presented in  Fig. 7.4 . However, this 
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yy Excess
orders

Excess
capacity

Jan. Feb. March April May June July August Sept. Oct. Nov. Dec.
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(ldeally)

Capacities
(ldeally)

 7.4      Discrepancies between orders and capacities.  
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problem could be solved with the global application of proper marketing 
solutions. The problem of seasonal discrepancies could be solved through 
market dispersion and effi cient and dynamic production capacity planning. 
Capacity planning is a key element in production planning and manage-
ment, and is associated with preparing time schedules (i.e. dynamic sched-
ules of production process fl ow).    

 Synchronising orders is especially important. Synchronisation includes 
coordinating manufacturing by order and activities at various levels of pro-
duction planning and management. Monitoring the realisation of received 
orders is essential in order to synchronise them. All the information needed 
for a proper process fl ow should be complete, and obtained on time.  Figure 
7.5  shows a model of order-planning and management, including those 
requirements at different levels of activity in order to achieve synchronisa-
tion. Rough planning of order-fl ow is also important and serves to improve 
order realisation and enhance fl exibility in responding to problems from 
both within and without the company (Eversheim,  1989 ).    

Offers Orders

Schedule flow for particular
order realisationOrder synchronisation

Planning and management

Order launch

Fine scheduling

Fine capacity planning

Sequence of activities

Production management

PRODUCTION 

Products

Technological preparationTT

Sales department

Construction preparation

Rough capacity scheduling
and synchronisation

Purchase
department

Technical documentsTT

Schedule flow for the
realisation of all the orders

7.5      A model of activities in the fi eld of order synchronisation.  
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Sales

Work orderk

Production Production planning

Production monitoring and controlProduction management

Process plan Flow time

Production schedule

Sales plan
(quantity, delivyy ery time)

Planning manufacturing activities

 7.6      Integration of production schedule within the production 

management process.  

 Schedule plans, designed for different time periods, indicate when to per-
form activities so that the order deadline is reached. These plans include 
schedules, sequence, and synchronisation of activities (Kerzner,  1998 ; Anon., 
 2011a ). Schedule plans are the most important parts of operational plan-
ning, and are used as a basis for:

   making auxiliary plans, such as: plans for required labour; material • 
(determining the deadlines for procurement and preparation of materi-
als); processing equipment, and; fi nancial means  
  organisational measures, such as: production management; performing • 
work on time; production control; and time-related work control.    

 Activity scheduling is probably the single most important tool for determin-
ing how best to integrate company resources towards synergy. The inclusion 
of a production schedule within the production system and management 
can be seen in  Fig. 7.6 . Various techniques are used when forming schedule 
plans (Kerzner,  1998 ) including:     

   The Gantogram technique (a histogram),  • 
  milestone charts,  • 
  network scheduling techniques.    • 
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 Selecting a scheduling technique depends on the technological complex-
ity of a process and associated activities. In more complex processes the net-
work technique is used, whilst for technologically stable processes Gantt’s 
technique is preferable. 

  7.4.1     The Gantogram (histogram) technique for 
schedule planning 

 Gantt’s technique is the oldest technique for schedule planning. It is named 
after its founder Henry L. Gantt, and is based on the use of a coordinate 
system in which the horizontal axis represents time whilst the vertical axis 
represents activity. See  Fig. 7.7 . Gantt’s technique can also be used when 
preparing dynamic auxiliary plans, such as a:     

   workforce plan,  • 
  necessary processing equipment plan,  • 
  plan of materials,  • 
  fi nancial means plan.    • 

 In these instances, activities are not entered onto the vertical axis. Instead, 
workforce, processing equipment, main materials, or fi nancial means are 
entered. Although Gantt’s technique is considered to be the most widely 
used graphic presentation of schedule plans, it is unable to present the rela-
tionships between activities, or to determine critical paths. A Gantt chart can 
also be created, in modifi ed form, using network planning techniques. For 
this purpose, the chart can be used for presenting reserve times for activities 
and critical paths. However, as before, no interdependent activities can be 
presented in this way.  

Duration

Activities I

A

B

C

D

E

II III IV

Decades

Axis of activity Control

Axis of
time

7.7      A schematic representation of an original Gantt chart form.  
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  7.4.2     Network techniques for schedule planning 

 Network scheduling techniques originated in the USA and offer distinct 
improvements. They allow identifi cation of those activities on which the 
whole process fl ow depends. These are known as critical activities, and 
their sequence represents the critical path of a process. The most common 
approach to scheduling is the use of network techniques such as Program 
Evaluation and Review Technique (PERT) and Critical Path Method (CPM), 
well known as the Arrow Diagram Method (ADM). PERT was developed 
by the US Navy in 1958. At about the same time that the Navy was devel-
oping PERT, DuPont, Inc. initiated CPM (Kerzner,  1998 ). Both techniques 
defi ne the schedule plan in graphical form (a network diagram) with a criti-
cal path. Three basic symbols are used to construct the network diagram, 
illustrating (1) the activities (full-arrow); (2) dependence (dotted-arrow); 
and (3) event (circle), see  Fig. 7.8 .    

 Process technology and production fl ow-time determine the sequence of 
activities when constructing a schedule. Activities can be consecutive, over-
lapping, or parallel/simultaneous. A network chart with arrows is composed 
of those activities that require a defi nite time to be performed, also indicat-
ing a technological relationship between two activities, or the technological 
fl ow of interconnected activities. When constructing a network chart, the 
following rules apply:

   each activity should start and end with an event;  • 
  if the end of one activity is a precondition for starting another, the fi nal • 
event of this activity should match the start of the next;  
  only a single activity can exist between two events;  • 
  there should be no loop;  • 
  no activity is allowed to begin before its starting event;  • 
  no event should take place until all the activities that lead up to it have • 
been completed;  
  all the events in a network chart should be numbered with each succes-• 
sive event allocated a higher number from the last.      

1
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5 6
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Activity
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Event

 7.8      A schematic representation of a closed-network chart with arrows.  
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  7.5     Production monitoring and control 

 Continuous monitoring and control of the number of semi-fi nished and fi n-
ished products, and concurrent product quality monitoring, are important 
factors in any production process. This monitoring and control should be 
organised according to predetermined time intervals, so as to compare the 
planned state of production  C   p   with the actual quantity produced, that is, 
with the actual production capacity  C  d-ac . The results from production mon-
itoring and control are used to evaluate the success of a production process. 
 Figure 7.9  shows a schematic representation for production monitoring and 
control, and necessary measures to take in cases of unacceptable deviation. 
The criterion for evaluating the success of a production process fl ow is the 
margin capacity  C   m  , which can be around 10% higher than planned capacity 
 C   p   (this percentage is defi ned in relation to the level of organisation and the 
production process fl ow-time).    

 Production monitoring and control refl ects the success of a production 
process fl ow in relation to the planned fl ow. In addition, it offers data for 
direct production process management, as well as data to be used by the 
sales department, which can now check whether production realisation 
is adequate (from the point of view of the order). Sales can also check 
the deadlines for product delivery to buyers or customers, and suggest 

Daily reports on the realisation
of semi-finished and

finished products

a) Cd–ac – Cp < 0
b) 0 ≤ Cd–ac – Cp ≤ Cm
c) Cd–ac – Cp > Cm

Planning daily production capacity
based on daily plan

Short-term measures Quality realised

Margin capacity criteria

a) Defining organisational measures
    to improve performance
b) No necessary measures
c) Quality and standards control

7.9      Analysis of production monitoring.  
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adjustments where necessary.  Figure 7.10  offers a schematic representation 
of production monitoring and control, and information transfer. As well as 
recording the amount of semi-fi nished and fi nished products at a particular 
time, production monitoring and control is an important factor in reducing 
costs, namely through ensuring a high-quality, uninterrupted and controlled 
fl ow of material.    

  7.5.1     Data requirements for production 
monitoring and control 

 Production monitoring and control has become a demanding task. Production 
of high fashion clothing of widely varying design results in numerous work 
orders, each with a small number of almost unique articles of clothing. This 
type of work order is characterised by small series, decreasing fl ow-times, and 
a wide spectrum of colours, designs, fabrics and garment sizes. An increased 
number of work orders at minimal sizes makes recording and calculating 
the work more diffi cult. Rather than reducing staff involved with record-
ing and similar paperwork, staff numbers grow, contrary to requirements 
for higher productivity. Operators in direct manufacturing waste more and 
more time on their personal recording of work done; effi cient production 

Planning  and organisationProduction

Production

Production
management

Production
control

Determining
deviations

Correction to
schedule plan

An overview of the
production realisation flow

Production planning Sales department

Received (daily)
Dispatched (daily)

Report on cut pieces

Production monitoring and control

Daily report on the flow of finished and unfinished production

Work ordek r
(quantity)

Schedule plan
(deadlines)

 7.10      A scheme for production monitoring and control within a 

production management process.  
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suffers, leading to an unnecessary decline in productivity. It is therefore 
important to implement effi cient monitoring and control, both regarding 
time spent recording by operators and effi cient data storage. 

 Effi cient production process planning asks for as much information as 
possible on the production process fl ow, so as to minimise production costs. 
This information should be obtained using an appropriate system of pro-
duction monitoring and control. The following must be determined in order 
to acquire effective information:

   points where data needs to be extracted, which could include all the • 
input and output areas of individual processes;  
  the data acquisition method, that is, using a keyboard, optical reader, • 
magnet card or chip card;  
  the amount of data to be taken and the sequence of acquisition (the • 
amount of data is often limited by method);  
  how and where data will be sent;  • 
  the type of analyses and calculations to be performed, and the tabular and • 
graphical representations necessary to plan and control production;  
  security precautions and user access to data;  • 
  the reliability of the data and data storage, including the system selected and • 
manner of acquisition; software and hardware should be properly checked.    

 Existing systems of production monitoring and control can be divided into 
three groups by function (Ger š ak,  1991 ; Anon.,  2003 ):

   1.     systems which collect data directly at workplaces,  
  2.     systems used to monitor, control and manage production,  
  3.     systems which collect data using technological processes.    

 Systems of production monitoring and control with data collected at the 
workplace are those in which the operator registers with a special card 
on arrival and then queries the monitor about the particular operation 
which he/she is going to perform. The data on the work done are collected 
using these cards. These are fl exible systems, equipped with carts on which 
semi-fi nished products are attached on input. Each operator has his/her 
own magnetic card, which can be used only once in the system. At the begin-
ning of the work the operator inserts his/her personal magnetic card into 
the computer slot at his/her workplace, and is then included in the system. 
This method is used to automatically record the operator during working 
hours, and interoperates with wage databases in the workplace. At the input 
point, that is, sewing preparation, the prepared garment parts are attached 
to a cart, whilst the data describing the parts are entered into the computer, 
including work order number, and model designation. After each operation, 
the operator confi rms completion by depressing the relevant button. In this 
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way the system acquires information on progress.  Figure 7.11  gives an exam-
ple of data acquisition at a workplace (Anon.,  2003 ).    

 Systems of production monitoring and control which use technological 
processes are systems that enable the creation of machine-readable bar-
codes containing data for each product. The primary function of a barcode 
is information transfer for product identifi cation, from its origin in produc-
tion to the point where this information is needed, such as a storeroom or 
point of sale. A barcode accompanies the product throughout every stage 
of production. Optical readers are situated between individual processes 
or production stages. Information is available for each work piece, describ-
ing which stage of the production process is in progress at any particular 
moment. Such data collection offers increased effi ciency, prevents mistakes 
during production, and lowers costs considerably. There are numerous ways 
of writing barcode data. In industrial practice two systems are used – GS1–
13 (ex EAN 13) and GS1–128 (ex EAN 128), the latter being able to write 
numbers and letters, as well as to produce entries of various lengths for var-
ious end uses (GS1,  2012 ; Brown,  1997 ).  Figure 7.12  shows an example of 
a structure with non-standard contents and symbol entry GS1–13 barcode 
used for production monitoring and control (Anon.,  2011b ; GS1,  2012 ).     

  7.5.2     Computer-aided production monitoring and control 

 Growing demands for the effi cient use of information for planning, manag-
ing and controlling production processes have led to the need for produc-
tion monitoring and control to be properly organised and computerised. 
Monitoring and calculation of in-plant operator productivity  1   is largely 

(a) (b)

 7.11      An example of data acquisition at a workplace (a and b) (Anon.,  2003 ).  

    1      Productivity  can be defi ned as the amount of output produced divided by the 
amount of input used. The greater the amount of output produced from a fi xed 
quantity of inputs, the higher the productivity.  Operator productivity  is measured 
with the amount of work performed in a predetermined time unit.  
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performed using computer databases. These databases include ( Ž i ž ek,  1989 ; 
Rogale  et al .,  1993 ,  1998 ) those:

   including operators, divided into working groups,  • 
  including work orders,  • 
  including technological operation plans,  • 
  including daily working time structure for in-plant operators (norm-hours, • 
presence at work, overhead hours content, etc.).    

 Computerised calculation of productivity is complex and includes a number 
of steps:

   recording production realisation or the work performed by in-plant • 
operators,  
  data entry into the system,  • 
  data control and processing,  • 
  production calculation,  • 
  calculation analysis and listing,  • 
  data transfer into the system for wages calculation.    • 

 Reports record production realisation. Daily reports on product dispatch 
from each working group are used to compose a list of semi-fi nished and 
fi nished products taken from each work order. These reports should include 
quantities in pieces, and the following information:

   working group designation,  • 
  dispatch or delivery date,  • 

Manufacturing order
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7.12      Data structure and symbol entry of the GS1–13 barcode: (a) Entry 

data structure of the GS1–13 barcode; (b) Symbol GS1–13.  
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  number of operators within the working group or at work,  • 
  work order designation,  • 
  number of pieces entering the working group or dispatched from the • 
working group.    

 Data from these reports are stored in the computer. Various computer-based 
methods exist for entering data and calculating productivity at all stages of 
clothing manufacture. Data input can be implemented in the conventional 
way, usually at the end of a shift, or automatically with data being entered 
later. Special recording cards with labels for barcodes are used, or the data 
are entered in an automated manner.  

  7.5.3     Production monitoring and control using barcodes 

 Databases from work orders represent a basis for production monitoring 
and control. As work orders differ by structure (they may be composed of 
multiple orders, and include various garment sizes and colour variants or 
patterns), their structure should be taken into account when selecting desig-
nators for identifi cation purposes.  Figure 7.13  shows an example of a work 
order structure in use (Geren č er,  2009 ).    

 A special database for barcodes is created on the basis of the work 
order structure. Barcodes provide the sequence of a quantity of products 
by particular garment size or design. A barcode database contains a bar-
code key-basis in addition,  Fig. 7.14  (Geren č er,  2009 ), and the defi nition of 
a particular barcode fl ow throughout the production cycle. A barcode with 
non-standard content is often used for production monitoring and control, 
designed as an internal barcode with the following data structure:

 
1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 N12 N13

Work order designation

Barcode ordinal number

Component part designation

For example, women's programme
1 – jacket
2 – skirt
3 – trousers
4 – bolero

Number of garment set parts

Standard control mark EAN 13

         

 In the case of monitoring and controlling a 4-part set, that is, a set con-
sisting of four components (e.g., part 1 – jacket, part 2 – skirt, part 
3 – trousers and part 4 – bolero), four barcodes will be entered, 
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differing in component-part designation. The barcode for the jacket will be 
N 1 N 2 N 3 N 4 N 5 N 6 N 7 N 8 N 9 N 10 14K, for the skirt N 1 N 2 N 3 N 4 N 5 N 6 N 7 N 8 N 9 N 10 24K, 
for the trousers N 1 N 2 N 3 N 4 N 5 N 6 N 7 N 8 N 9 N 10 34K, and for the bolero 
N 1 N 2 N 3 N 4 N 5 N 6 N 7 N 8 N 9 N 10 44K. Using barcodes which include set 
part-designations as their identifi cation units, and which accompany the 
product throughout the individual phases of production, it is possible to 
establish where a product is at any time.  

  7.5.4     Production monitoring and control system 

 The work order should be entered into the system before collecting data 
from the report on accepting products from each working group. Each work 

MPN0112

1/t/order
Order NAR
Buyer
Order

09148

Product order

84823
84823
84823
84823
84823

00147
00147
00147
00147
00147

06
06
06
06
06

01
02
03
04
05

17
17
23
79
79

Total quantityTT
Parts >1> women’s overcoat >

423

electronic signature pf5, pf6 --

0 1 1 0

5   4
1654
5   4
5   4
1654

001
002
003
004
005

290
13
35
72
13

1
0
0
0
0

1
0
0
0
0

1
0
0
0
0

0
0
0
0
0

no. colour zt TypeTT Launched Cut. Accepted O.K.

TrendlineTT , Germany Type E lohn TT TrendlineTT
Manufacture 003 MURA

9 3 5046 Launched 12.4.11 Finished NO Signature X ze 423

SzI MuraManufacturing order quantities

> > >
>

>

(a)

(b) MPN0113 Order  9 3 5046 Product 84823 design 00147 figure 06 colour 01  423
Women’s overcoat 199904121

Figure  06 colour 01  Women’s overcoat
Design material A44 
Colour 17 5 4

In colour :  cutting pieces 1 accepted 1
By order : cutting pieces 1 accepted 1 description
Out ==> clear, enter, pf3

Size
Launched
Cut piece
Accepted

Size
Launched
Cut piece
Accepted

Size
Launched
Cut piece
Accepted

34

54

36
5
1
1

38
41

40
54

42
57

44
61

46
49

48
21

50
1

52
1

7.13      An example of a launched work order structure: (a) Launched work 

order; (b) Launching open line (the fi rst line from  Fig. 7.13a ).  
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order should have a technological operation plan in order to calculate the 
necessary manufacturing time. The data on the number of cut pieces for a 
work order should also be entered. The product engineer should also input 
the following data:

   buyer’s name and who the work order is intended for,  • 
  acquisition or seasonal number,  • 
  manufacturing date.    • 

 When the data from the report are entered, the computer system adds the 
following data from other programs:

   product or model name,  • 
  launched (ordered) number of pieces for a particular work order,  • 
  manufacturing time in the sewing room (from the operation plan),  • 
  number of cut pieces.    • 

 Using data collected from these reports, the system calculates the available 
and necessary fund of working hours for each working group, as well as 
effective daily productivity (for accepted and dispatched quantities) and 
then stores the actual states of the semi-fi nished products by piece and min-
utes for each work order and each working group. 

 A number of tables are outputted:

   (a)     A monthly review of the accepted work for the sewing room, where the 
following data for each of the work orders are presented: 

MPN0037

Order > 9 3 5046

! product des    no. col

! 84823  00147  06  01

! 84823  00147  06  02

! 84823  00147  06  03
! 84823  00147  06  04

! 84823  00147  06  05

! 84823  00147  06  01

Commands: P/N forwards, P/P backwards; P/1  first, P/L  last
Browse command : P/NReview summary ==> last page

Set pieces :

Order 9 3 5046 Review of article flow in production ERC Mura

Page : 1

!
!
!
!

!

!
!

!

!
!

! !1! cutting ! sew ! press ! adj   ! compl ! Lj/Le! g!o!- opo s!

!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!
!x!

! 1  36
2  36
3  36
4  36
5  36
6  36
7  36
8  36
9  36

10  36
11  36
12  36
13  36
14  36
15  36
16  36

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

no size

! ! ! ! ! ! ! ! 0!
! ! ! ! ! ! ! ! 0!
! ! ! ! ! ! ! ! 0!
! ! ! ! ! ! ! ! 0!***
! ! ! ! ! ! ! ! 0!

0!
0!
0!
0!
0!
0!
0!
0!
0!
0!
0!

! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ***
! ! ! ! ! ! ! ! ******
! ! ! ! ! ! ! ! ***

x x! x x! x x! !

 7.14      Barcode key-base and barcode fl ow throughout the production.  
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   acceptance date in the month,  • 
  work order designation,  • 
  product or model name,  • 
  number of launched pieces,  • 
  number of cut pieces,  • 
  number of pieces accepted on a particular day,  • 
  overall number of accepted pieces (cumulative),  • 
  the states of semi-fi nished products,  • 
  standard time,  • 
  number of operator at work.    • 

  (b)     A monthly review of dispatch from sewing room, the data being iden-
tical to the review of monthly acceptance to the sewing room, with the 
addition of data on: 

   deadline for goods delivery to the buyer,  • 
  write-offs (in pieces),  • 
  productivity.    • 

  (c)     A monthly production review by working group including the review 
of accepted and dispatched goods for each work order. Acceptance and 
dispatching are monitored for each work order on a particular day, as 
well as cumulative semi-fi nished products.  

  (d)     The review of semi-fi nished products by working groups should be 
updated. This informs management when making business decisions, 
and group leaders who need to control manufacturing more effi ciently. 
The following important data are obtained for each work order: 

   article/product,  • 
  buyer,  • 
  launched number of pieces,  • 
  cut-number of pieces,  • 
  the state of semi-fi nished products,  • 
  standard time for a single product/piece in the sewing room,  • 
  planed deadline for the delivery of goods to the buyer,  • 
  the date of the fi rst acceptance into the sewing room,  • 
  the date of the last dispatch from the sewing room,  • 
  total number of pieces in the form of semi-fi nished articles.    • 

  (e)     A review of semi-fi nished products by buyer, the results obtained by 
monitoring and control showing semi-fi nished products in each work-
ing group. Launched, cut, accepted and dispatched pieces can be com-
pared; production deadlines established; manufacturing time deter-
mined per single piece; and cumulative time for all pieces in the form 
of semi-fi nished articles arrived at. This table can also show average 
manufacturing time for semi-fi nished pieces, and the total time neces-
sary to process them.  
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  (f)     The review of dispatched consignments; monitoring and control can 
follow the data for each individual consignment sent to a particular 
buyer following each work order: 

   launched number of pieces,  • 
  article type or model,  • 
  fi nished product number,  • 
  semi-fi nished product number in the sewing room,  • 
  manufacturing time,  • 
  deadline for delivery of goods to the buyer. • 

   Data input should include an actual dispatch date for each individual 
work order. This enables a comparison to be made between planned 
and actual delivery rates.      

  (g)     Sewing room realisation, as related to the actual fund of working hours, 
is essentially a table indicating the acceptance and dispatch of pieces 
for each individual working group, and for the whole of the sewing 
room, expressed in percentages.    

 The data in the databases for production realisation can also be used for 
certain calculations and analyses. Results can be used for a daily calcula-
tion of standards reached by individual operators; monthly norms, and; the 
degree of productivity. The degree of productivity over a period of months 
for a sewing room working group can be seen in  Fig. 7.15 . Important 

Jan.

Degree of productivity

Feb.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

0 20 40 60 80 100

Productivity level Sp/%

 7.15      An example of a sewing room working group’s degree of 

productivity.  
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parameters obtained by production monitoring and control include, 
among others:     

   daily calculation of work realisation for each operator,  • 
  monthly calculation of work realisation for each operator,     • 
   daily calculation for each working unit,  • 
  monthly calculation for each working unit,  • 
  daily calculation for each work order,  • 
  fi nal calculation of work realisation for each work order.    • 

 Production monitoring and control also reviews the situation during pro-
duction and identifi es deviations of the actual from the planned situation. 
An example of increased productivity in a working group as a result of pro-
duction monitoring and control can be seen in  Fig. 7.16 . Documents from 
storage operations offer important feedback on production realisation, for 
material fl ow and operator productivity (i.e. the data on the work done used 
to calculate wages, as well the data to be used in post-calculations such as 
those informing future business decisions).      

  7.6     Costs in production planning and management 

 In order to gain advantage over the competition, rapid product development 
and high-quality, short fl ow-times are important. High-quality production 
planning contributes to this aim. Production planning includes clothing design 
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7.16      An example of a working group’s increased productivity, as the 

result of production monitoring and control.  
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analysis and careful production planning and management, internal logistics 
and transport, and material management. Production planning and man-
agement are the key factors in success or failure within manufacturing. Cost 
effectiveness and profi t should be the main principles in production monitor-
ing and management. Every step should be taken in management towards 
the rational and optimal exploitation of the workforce and equipment.  Figure 
7.17  shows the impact of production planning and rationalisation on company 
productivity, cost effectiveness and income.    

 The following factors show the level to which this principle is realised 
within an enterprise:

   a)     Productivity is defi ned as the amount of output produced, divided by 
the amount of input used, the ratio between the result as a quantitative 
effect, and the costs necessary to obtain the targeted result:     

   
 P

Q
Q

= O

CO

.     [7.24]    

   Inputs include labour and capital, while output is typically measured in 
revenues and other GDP (gross domestic product) components such as 
business inventories.  

Higher level of
cost-effectiveness

leads to higher
income

Higher
income

higher profitHigher
productivity

leads to higher
cost-effectiveness

High-quality planning
and rationalisation

ensure higher
productivity

 7.17      Joint effects of productivity, cost effectiveness, and profi tability.  
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  b)     Cost effectiveness is defi ned as the ratio between the income or out-
put, on the one hand, and inputs,  2   on the other, for example the ratio 
between sales and costs. It is expressed as follows (Plinke,  1997 ; Nebel, 
 2007 ):     

E
O
I

= ,        [7.25]   

 where:

Q   o   output or quantitative effect,  
Q  co  quantitative spending or costs,  
O  output or the effects expressed through costs (e.g., number of 

products),  
I  input or costs.    

 Cost effectiveness is satisfactory if the ratio is:

E
O
I

= ≥ 1.        [7.26]    

   b)     Profi tability is defi ned as the ratio between the profi t over a particular 
time period (month, quarter, season or year), and the average capital 
investment, expressed as:     

R
I
K

s= ⋅−co 100,     [7.27]   

 where the profi t is expressed as:

p I S−Ico .     [7.28]   

 Profi t is refl ected in reduced liability, increased assets, and/or increased 
equity for the owner. Profi t furnishes resources for investing in future oper-
ations and its absence may evidently result in disaster for the fi rm. 

 Equation [7.27] can also assume the following form:

R
I S

I
I
K

p
I

I
K

= ⋅
⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⋅ = ⋅
⎛
⎝⎜
⎛⎛
⎝⎝

⎞
⎠⎟
⎞⎞
⎠⎠

⋅co

co

co

co

co100 100 ,     [7.29]   

2      Input  – data, incoming values, costs. Item external to a system (such as a process) 
that is transformed by the system (usually together with one or more other items) 
to become an output.  
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 where:

    R  profi tability,  
  Ico income,  
   S  costs,  
   p  profi t or gain,  
   K  capital used.    

 The expression [7.29] shows that profi tability is composed of two segments, 
profi tability of the income  R  Ico

 , which indicates how much profi t has been 
realised from the income obtained:   

 R
I S

IIcoII
co

co

= ⋅100,     [7.30]   

 and the degree of capital turnover  D   K  :   

 D
I
KK = co ,     [7.31]   

 which says how many times it is possible to turn over the capital within a 
predetermined time period. 

 Demand for clothing is relatively seasonal, with peaks during spring/sum-
mer and autumn/winter seasons, making for low capital turnover. Turnover is 
often only twice a year, which can in some cases be improved by the number 
of collections and successful marketing strategies. Additionally, high-quality 
production planning can have a signifi cant positive impact on business. The 
impact of production planning on a company’s success can be seen in  Fig. 
7.18  (Polajnar,  2006 ; Nebel,  2007 ). High-quality production planning contrib-
utes to success in three ways:     

   1.     Through increased profi t  Δ  p  1,  resulting from increased production vol-
ume whilst keeping fi xed costs at the same level. This kind of production 
increase is most benefi cial and is the result of all production planning, 
work study and process optimisation aimed at the optimal utilisation of 
available capacity in order to increase production volume.  

  2.     Through increased profi t  Δ  p  2,  resulting from reduced variable costs. Cost 
reduction can be achieved by proper planning, and introducing simpler 
and more effi cient methods to ensure a high-quality and uninterrupted 
process (e.g., introducing adequate methods of work with associated 
work piece feeds (see Section 6.5)).  

  3.     Through increased profi t  Δ  p  3,  resulting from a reduction in fi xed costs 
(interest on working and equity capital, fi xed material costs, workers’ 
overheads, etc.). This kind of cost reduction can be achieved by proper 
planning of long-term improvement, primarily in the areas of fabric 
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utilisation and fl ow, transport, storage and better utilisation of overheads 
and staff, which all infl uence fi xed costs.    

 Apart from the conventional measures, other measures should also be defi ned 
in order to assess how business goals may be attained. These include:

   absolute measurement, which shows how much money the company has • 
earned (pure profi t),  
  relative measurement, which is the ratio between input and profi t (prof-• 
itability of the investment),  
  money-fl ow, which tells whether enough fi nancial means comes into the • 
company to cover all the costs.    

 These measures can be used to determine production effi ciency. Broadly 
speaking, a company’s performance can be evaluated through its effi ciency 
as well as through the following practical measures:

   Production fl ow or production per time unit this is the rate at which the • 
system earns money through sales (not through manufacture, as manu-
factured products in storage generate no money),  
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Total productionTT
costs
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Fixed costs
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 7.18      A graph depicting company business.  
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  Supplies all the fi nancial means the system invests into the purchase of • 
various things it plans to sell later,  
  Operating costs all the money the system needs to change supplies into • 
products for sale.    

 Apart from direct planning and production management, all reasonable 
measures should be taken to achieve maximum cost effectiveness. Accurate 
information on costs is key when making decisions. 

  7.6.1     Calculations 

 A calculation is an economic notion to denote a determination of costs, nec-
essary to reach a price for a product or service. As V. Poto č nik states, a cal-
culation is a procedure used to determine purchase, sales and other prices, 
whilst it can also be a distribution of costs to those products or services that 
have caused particular costs (i.e. cost bearers) (Poto č nik,  1999 ). Calculations 
are divided by various criteria, including contents and purpose. Calculations 
by contents are those:

   calculations pertaining to operating costs as a whole,  • 
  cost calculations for individual cost bearers.    • 

 Calculations by purpose are those :

   preliminary calculations, known as planned calculations,  • 
  simultaneous costing, known as intercalculations,  • 
  subsequent calculations, known as accounting calculations.    • 

 Preliminary or planned calculation is carried out in the course of preparing 
a collection, when the evaluation and planned values for the following are 
known:

   material requirement,  • 
  manufacturing time requirement,  • 
  material prices,  • 
  labour prices or time unit prices,  • 
  degree of coverage.    • 

 Preliminary or planned calculation is used to determine retail price or to 
predict sales, manufacture and purchase, in terms of quantity and value. 
Input data are primarily material costs (determined by list of material) and 
planned manufacturing time. 

 Intercalculations are those prepared in order to check processes on-line, 
with the aim of reducing costs within a particular process, and improv-
ing business performance as a result. Intercalculations are made based on 
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actual standards of fabric consumption, obtained from cutting-markers, and 
planned standard time, as determined by operational plans. 

 Subsequent or accounting calculations are made on completed produc-
tion, and are based on the actual values of material consumption and on real 
manufacturing time. 

 The following principles apply when making basic calculations (Poto č nik, 
 1999 ), and managing the business process always requires these forms of 
calculation:

   the principle of accuracy – calculation should accurately include all the • 
costs incurred or to be incurred in manufacturing a product or in per-
forming a process;  
  the principle of cost differentiation – calculation should ensure that • 
costs are objectively attributed to where they occur, and to cost bearers, 
by the types of costs;  
  the principle of adaptability – calculation should be matched to the type • 
of effect, the technological process in question, the type and manner of 
manufacture, and the conditions prevailing within the company;  
  the principle of comparability – calculation should be shaped so as to • 
be comparable with other calculations within the same company and 
elsewhere (preliminary calculations, intercalculations, and accounting 
calculations should also be comparable);  
  the principle of rationality – calculation should be shaped so that the • 
costs of its preparation are not higher than the merit of its preparation 
and usage.    

 When preparing a collection, we generally have at our disposal cost evalu-
ations or planned cost categories. The result is a preliminary or planned 
calculation, which can be used by the sales department to determine retail 
price. When the work order is launched into production, we can see whether 
the costs of preparing a new collection have been properly evaluated. At 
this moment we do not deal with evaluations but with actual standards of 
fabric use (obtained from cutting-markers) and standard time (obtained 
from operational plans), as well as with the value of material according to 
the actual purchase price. 

 These real data are used to make a calculation, or intercalculation, used 
to determine production and sales over a period of time. By analysing the 
data obtained, we learn whether the previous calculation was correct, and 
whether plans were accurately drawn up. If this is not the case, the analysis 
tells us what measures should now be taken. When, due to some objective 
and/or subjective problems, predictions from the planned work orders do 
not come to fruition (e.g., lower fabric quality), the actual costs should be 
checked. Subsequent calculations, or accounting calculations, are made for 
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each work order, with actual data being input from the requests or material 
return form, together with the total working hours of individual operators 
for a particular work order, obtained from production monitoring and con-
trol. This type of calculation shows precisely whether the production fl ow 
has been within planned tolerances, or whether deviations have occurred; if 
so, it offers the answers as to the where and why.  

  7.6.2     Determining costs 

 Costs are expenses, expressed in monetary units, spent on those goods or 
services necessary to realise production capacities. Costs are thus values for 
material procured, depreciation, write-offs, expenses for loans and credit, 
cost of unpaid debts, cost of work, and taxes. Costs can be divided in various 
ways:

   by form (such as material, wages and salaries with benefi ts and taxes, • 
fi nancial costs, service costs, and development costs for new products);  
  by origin (such as manufacturing costs, storage costs, overhead costs, and • 
managing costs);  
  by whether they are direct or indirect (direct costs associated with a par-• 
ticular product or service, and indirect costs associated with the business 
as a whole);  
  by their relation to changes in business volume (fi xed costs that do not • 
change and variable costs that change with conditions).    

 Costs can be viewed as three different modules,  Fig. 7.19  (Miheli č ,  2003 ):     

   origin, composed of costs organised by cost centres;  • 
  activity, which is the module of costs;  • 
  cost objects, which are the result of working activities and are generally • 
products, but could be customers as well.    

 Activities are divided into two groups:

   1.     Productive activities are formed by individual production lines or work-
ing groups. Each productive activity is composed of two sub-activities: 

   the fi rst includes depreciation costs, maintenance and insurance and • 
are fi xed costs (FC);  
  the second includes costs associated with direct productive work, energy, • 
as well as the other costs that change and are variable costs (VC).    

  2.     Auxiliary activities support productive activities. The most important are 
those pertaining to maintenance and energy supply. The costs of these 
activities are assigned to production activities, whilst other auxiliary 
activities (such as quality control, and logistics) are assigned to products.    
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 Separating activities into sub-activities enables FCs and VCs to be analysed, 
or production costs to be divided into those dependent upon the unit of 
the product, its series or collection. Material is the most important indi-
vidual cost, often representing as much as 40% of product value. Material 
is followed by costs of direct work (time used to manufacture a product). 
Following material and direct work, depreciation is the next most impor-
tant cost. Special attention should be also paid to maintenance costs in 
production.  

  7.6.3     Calculation types 

 By type, calculations may be appropriation calculations or calculations with 
allowances. By complexity of form, they may be (Plinke,  1997 ): cost calcula-
tions regarding direct costs (also known as direct costing), or process cost 
calculations, which are appropriation calculations by nature, dealing with 
costs by their processes or parts. 

 Calculations differ according to the methods of collecting and accepting 
costs, as well as by the type of production they involve, with some produc-
tion types requiring specifi c calculations.  

  7.6.4     Calculation elements 

 With cost structure shifting towards higher general costs (meaning the costs 
of management, and sales and purchase overhead costs as general produc-
tion costs) it is often diffi cult to assign general costs objectively to particular 
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7.19      Modular cost structure.  
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products. This leads to an improperly defi ned and imprecise cost price, 
which in turn often incurs disadvantageous business decisions. Calculation 
elements that include the full cost price, or price based on costs, are:

   (a)     direct costs: 
   costs of the material used during manufacture,  • 
  depreciation costs,  • 
  manufacturing costs (primarily costs of wages and salaries),  • 
  other direct costs of manufacture;    • 

  (b)     indirect costs: 
   general manufacturing costs,  • 
  management, sales, and purchase overhead costs.      • 

 Full cost price  C  fc  is defi ned as the sum of the overall costs plus the profi t 
per unit product, reduced by a loss per unit product, and is calculated as 
follows:

   

 C S p Sfc loss+Sf ,     [7.32]   

 where:

    C  fc    full cost price,  
   S   f     full costs,  
   p        profi t per unit,  
   S  loss   loss per unit.    

 Selling price  C  s  can be expressed as:
   

 C Cs cC ,     [7.33]    
   

 C Cs cC ,     [7.34]    
   

 C Cs cC ,     [7.35]   

 where:

    C  s  selling price per unit,  
   C  c  cost price as the sum of all the costs.    

 This means that profi t can be realised per product unit if the selling price 
is higher than the cost price, and with loss below it. Individual calculation 
methods comprehend the above elements differently. Calculation accu-
racy depends not only on the selected elements, but also on how costs are 
recorded.  
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  7.6.5     Appropriation calculation 

 The appropriation calculation is the most frequently implemented calcula-
tion method. It is adequate for the production of products which are identi-
cal or similar to one another. Appropriation calculations can be simple or 
complex. A complex appropriation calculation is made so as to enable the 
monitoring of costs by:

   production process phases,  • 
  places where effects occur,  • 
  price structure elements.    • 

 Cost price defi ned as costs per unit product can be calculated as follows:

C
S
VPVVc

f= ,     [7.36]   

 where:

S   f   full costs,  
V   P   production volume.    

 This method has the advantage of offering cost reviews by production phase, 
by processes, or by cost centres, meaning that costs are more properly moni-
tored and controlled, and responsibility for them can be attributed more 
precisely.  

  7.6.6     Direct costing 

 Direct costing is a calculation based on the notion that direct costs can be 
calculated more precisely for each product. Direct costing also offers the 
possibility of calculating indirect costs for the whole working unit, depart-
ment, or enterprise. This method enables the calculation of all direct costs 
per product item, as well as all indirect costs taken as FCs for the whole unit, 
rendering it superior to more conventional methods. Knowing the retail 
price for each product, it is possible to calculate the coverage factor, which is 
how much the unit product contributes as a unit to covering FCs within the 
whole of planned production. Coverage part  P   co  , expressed as the difference 
between selling price and direct costs, can be calculated as follows:

   
 P CcoPP −Cs VC,     [7.37]   

 whilst the coverage for the whole production is calculated as:
   
 P C VcoPP P sC pVVVC−CC( )⋅ ,     [7.38]   
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 where:

    P   co    part or contribution to covering the costs per unit product,  
   P  cop   part or contribution to covering the costs of overall production,  
   C  s    selling price per unit,  
  VC  direct costs,  
   V  P    production volume.    

 Part or contribution to covering costs can also be expressed as being related 
to selling price as a percentage, through degree of coverage:   

 S
C

Cco
s

s

VC
=

−
⋅100,     [7.39]   

 where  S  co  represents degree of coverage or degree of contribution to cov-
ering costs. 

 Data obtained in this way can be used for determining the volume of out-
put at which the threshold of profi tability  R  pr  should be reached:   

 R
Cpr

s

FC

VC
=

−
⋅100,     [7.40]   

 where:

    R  pr   profi tability threshold, in pieces,  
   C  s    selling price per unit,  
  VC  direct costs,  
  FC  permanent or fi xed costs.    

  Figure 7.20  shows a comparison of calculations made on the basis of full cost 
price, and by using the direct cost method.    

 Calculations provide a basis for company decision making. They are essen-
tially accounting reports, offering accounting information, and information 
on fi nancial means, on the levels of particular costs, on cost price, and on 
selling price, as well as information on business performance and results. 
In order to plan for success based on calculations, a company must defi ne 
selling-prices, and perform relevant analyses of costs and business perfor-
mance. The clothing industry is work-intensive, which means high fl exibil-
ity (quick adaptation to customers’ requirements and market demands). 
Developing new values and a high level of capacity utilisation are vital 
in order to achieve success. We should stress that these factors have their 
impact on cost levels. The central goal of each enterprise is to maximise 
profi t. It is thus necessary for the management to be able to assess effects on 
costs and so defi ne the part each individual product plays in realising profi t. 
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In every case, the goal should be to reach the highest possible profi t, keep-
ing all relevant factors in mind, whilst at the same time monitoring costs and 
income.   

  7.7     Controlling production planning and 
management 

 According to Brech, ‘controlling is a systematic exercise of checking actual 
performance against the standards or plans with a view to ensure adequate 
progress and also recording such experience as is gained as a contribution to 
possible future needs’ (Aquinas,  2007 ). Koontz and Weihrich ( 2008 ) defi ne 
three basic steps for controlling:

   (a) establishing benchmarks or standards,  
  (b)  comparing actual performance against them, and  
  (c)  taking corrective action, if required.    

 Controlling possesses the elements of strategy, operative management and 
control. It involves computer-aided data fl ow when planning, adjusting and 
controlling (Kaligaro,  2003 ). Controlling production planning and manage-
ment means control over achieving planned goals, and includes information 
preparation, evaluation and shaping. Controlling does not denote orders 
issued by a controller, but is rather a management function of monitoring, 
 Fig. 7.21 . Controlling is performed by controllers and managers, meaning it 
includes the notion of  Management by Objectives .    
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7.20      Comparison of calculations made on the basis of full cost price 

and by using the method of direct costs.  
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 Controlling is often characterised as a business philosophy (Kaligaro, 
 2003 ). It is a set of activities to shape the information needed to inform 
business decisions at various levels; it is involved in all the company busi-
ness functions; and its success and performance are greatly dependent on 
all those persons involved in the process of information shaping and usage. 
F. Koletnik in this context says: ‘Controlling is a business philosophy, a spe-
cial manner of managing and (accounting) information activity, aimed at 
decision making. It is the engine and the steering wheel of the company 
and its management; it requires a purposeful and decentralised organisa-
tion, developed entrepreneurial culture, enterprise planning, and economic 
monitoring’ (Koletnik,  1998 ). 

 In terms of function, controlling can be (Deyhle and Eiselmayer,  2007 ; 
Weber and Sch ä ffer,  2008 ):

   1.     operative controlling, dealing with short terms, and organised so as to 
follow development strategy including four main areas: 
   (a)     planning (reaching predicted processes and conditions),  
  (b)     information collecting (determining working processes and 

conditions),  
  (c)     analysis/control (determining deviations),  
  (d)     managing (introducing measures);    

  2.     strategic controlling which supports strategic enterprise management, 
involving information preparation needed for appropriate strategic 
decision making.    

 Controlling is thus a function and subsystem of company management. It 
improves productivity and enhances a company’s ability to adapt to change, 
both internal and external. Management and controlling have the same 
goal:  to use existing potential effectively and create new potential for suc-
cess . However, their means differ. The basic instruments and subsystems of 
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 7.21      Control roles in monitoring.  
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management are defi ning goals, planning, control, information fl ow, organis-
ing, and managing. Controlling is composed of coordinating and integrating 
these subsystems.  

  7.8     Conclusions 

 In the previous two chapters we have described the planning of clothing 
design, pattern making, cutting, and planning clothing manufacturing. In 
this chapter we have focused on production management as one of the 
critical phases of production, essential for all activity at every level of an 
organisation. Production management, which involves the planning, sched-
uling, monitoring and controlling of the whole production process, is key 
to effi ciency as indicated by the ratio of output to input. This is especially 
important for clothing manufacture within the fashion industry, which is 
labour-intensive and characterised by an extremely large diversity of unique 
models. Each model or work order is produced only once, in a small series 
and very short fl ow-time, which requires an extremely fl exible and harmon-
ised management. 

 The key to optimisation lies in the ability of management to harmonise 
all available resources to maximise fl exibility and productivity and ensure 
effective planning, scheduling and production monitoring. As has been 
shown, production management comprehends all those activities neces-
sary to realise an order, and is based on the results of adequate planning 
concerning capacities planning, scheduling, and production monitoring and 
control. With the view that the clothing industry will be with us long into 
the future, clothing companies must adapt the way they manage production. 
Strong lines of production, a systematic information system, communication 
and cooperation will all be needed for successful and effective clothing pro-
duction management in the coming years and decades.  
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 Quality requirements for clothing materials   

   DOI : 10.1533/9780857097835.250 

  Abstract : This chapter reviews the importance of quality in textile 
materials and details some of the key requirements desired by consumers. 
The chapter then discusses the physical characteristics of fabrics, 
such as material construction, mass, fi nished width, design and other 
characteristics. The following sections deal with the specifi c performance 
characteristics of fabrics, such as: colour fastness, breaking strength, seam 
slippage, resistance to abrasion and pilling, and dimensional stability. The 
importance of care labelling for clothing and the Eco-Tex 100 standard 
are discussed. The chapter concludes by considering the impact of 
material testing on quality assurance. 

  Key words : textile material, testing, quality, defi nition, minimum quality 
criteria, physical characteristics, performance characteristics, visible faults, 
care labelling, Eco-tex 100. 

    8.1     Introduction 

 Material quality plays a very important role in the clothing industry, because 
it is ultimately refl ected in the quality of the fi nal manufactured garments. 
The quality of textile materials can be viewed from three perspectives (see 
 Fig. 8.1 ):

   1.     the consumer;  
  2.     the fabric producer;  
  3.     the clothing producer.       

 The consumer’s interest lies, above all, in the appearance and wearability 
of the fabric, that is, in its durability, utility, comfort and style. A clothing 
manufacturer will be interested in both the consumers’ requirements and 
in the manufacture and processing characteristics of the fabrics. Fabric pro-
ducers must take into consideration the clothing manufacturers’ processing 
requirements. With these different priorities affecting the requirements for 
the treatment of textile materials, clearly defi ned minimum quality criteria 
for textile materials are essential. 
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 In order to be effectively used for clothing, textile materials must pos-
sess the ability to form a three-dimensional shape from their original two-
dimensional shape, so that they can fi t comfortably over the human body. 
This provides a graceful appearance to the fabrics that distinguishes them 
from other sheet materials. Textile materials possess exceptional charac-
teristics, which, when incorporated into clothing, mean that they adapt to 
human body movements, allowing them to meet the wearer’s physiological 
and psychological requirements, whilst maintaining an attractive 3D shape. 

 In view of the specifi c behaviour of textile materials and the grow-
ing quality requirements in planning clothing manufacture, the testing 
of materials has gained in importance. Knowing and understanding the 
quality criteria for textile materials and their behaviour during the manu-
facturing process has become a starting point for the planning of clothing, 
quality control, product development, process and product optimisation, 
as well as for computer-aided design, construction, and the numerical-
modelling and simulation of clothing and other products for technical 
applications. 

 Testing materials for clothing, to ensure that they meet the technical 
and technological requirements imposed on them, involves mechanical, 
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 8.1      Key aspects in evaluating the performances of textile materials.  
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physical and chemical tests on both basic and auxiliary materials includ-
ing accessories. It also requires defi ning minimum quality criteria based on 
quality-control requirements. These criteria impact on planning when deter-
mining processing parameters, and are designed to ensure the stability of 
the manufacturing process and the required quality level. 

 It is not the purpose of this chapter to cover individual test methods. The 
focus of the chapter is on quality requirements for clothing fabrics. If the 
reader wishes to know more about the kind of tests that can help measure 
different quality criteria, she or he is referred to the relevant international 
standards discussed in this chapter, as well as to other books which focus 
specifi cally on this topic, such as Hu ( 2008 ), particularly:

   Chapter 3 on fabric composition  • 
  Chapter 4 on physical properties (fabric weight, thickness and strength)  • 
  Chapter 6 on appearance testing (pilling, wrinkling, seam pucker and • 
dimensional stability)  
  Chapter 9 on colour fastness testing    • 

 Other books include: Houck (2009) on identifying fi bre types; Fan ( 2005 ) 
on chemical tests in such areas as fi bre identifi cation, fabric fi nishes 
and dyes; and Saville ( 1999 ) on physical tests of fi bre and yarn proper-
ties such as density, strength, dimensional stability, handle and colour 
fastness.  

  8.2     Quality requirements for textile materials 
for clothing 

 Quality in textile materials can be defi ned as conformance to requirements 
which are directly or indirectly set by the consumer. The key points regard-
ing quality to note from the previous section are:

   the contribution of materials to manufacturing costs  • 
  the link between the quality of the material and the quality of the fi n-• 
ished product  
  the need for continuity regarding product quality  • 
  the means of improving communication within the consumer − clothing • 
producer − fabric producer chain.    

 This last point could be achieved by the creation of clear and relevant rec-
ommendations concerning any characteristics and faults present in those 
fabrics to be used for clothing. This would then form a basis for the adoption 
of fabric specifi cations. The details of the fabric specifi cations would have 
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to be dependent on local needs and the desired quality level of the fi nal 
product. 

 The characteristics of a material’s quality may be identifi ed from the fol-
lowing basic categories of information:

   (a)     physical characteristics  
  (b)     performance characteristics  
  (c)     visible faults.    

 A detailed presentation of a material’s characteristics should use the 
 Recommendations concerning characteristics and faults in fabrics to be used 
for clothing   1   (DTB,  2006 ) as a starting point. These recommendations were 
prepared by the Technical Clothing Group of the European Federation of 
Euratex, and have been managed by GermanFashion since 2006. Their aim 
is to standardise practise between fabric suppliers and clothing manufactur-
ers with regard to the ways in which they defi ne and assess characteristics 
and faults in fabrics for use as clothing. 

 Differentiating products by quality is particularly important. Testing can 
be performed to improve product quality and to ensure compliance to inter-
national, regional or retailer-specifi c standards. The following sections pro-
vide a comprehensive review of those tests available for fabrics. Methods 
for selecting samples for testing are described in the individual standards 
discussed in this chapter. Further information can be also found in  Chapter 
2  on sampling and statistical analysis in Hu ( 2008 ). The broader role of test-
ing within an overall quality management system is discussed in Chuter 
( 2002 ).  

  8.3     Physical characteristics: types, methods of 
measurement and tolerances 

 The physical characteristics of a material detail its physical state, such as its 
construction, fi nishing treatment, mass, fi nished width, and other character-
istics that are detectable by an experienced person with or without the aid 
of instruments. Irregularities in the physical characteristics of the material, 
excluding any predefi ned acceptable tolerances, are considered as ‘ faults ’, 
on the condition that the irregularity is: (a) evident in the fabric as deliv-
ered, and (b) detrimental to the fi nal clothing (DTB,  2006 ). 

  1      Recommendations  are based on the adopted criteria of the European Clothing 
Federation A.E.I.H. (Association Europ é enne des Industries de l’Habillement) of 
1983 (Bona,  1994 ; DTB,  2006 ).  
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  8.3.1     Mass per unit area 

 The mass per unit area is defi ned under the standards EN 12127: 1977  and 
ISO 3801: 1977  as the mass in grams per square metre of the sample, which 
will have been conditioned in the standard atmosphere for testing. Any dif-
ferences in mass per square metre, up to a tolerance level of ±5% (DTB, 
 2006 ), when compared with the specifi cations in the contract, are considered 
to be faults. The material is tested for mass per unit area by taking the mass 
per square metre of the material as the total weight of the piece, divided by 
the exact length and the actual width including selvedge. In cases of dispute, 
the cloth is tested in accordance with the EN 12127: 1977  or ISO 3801: 1977  
standards.  

  8.3.2     Number of threads per unit length 

 The number of threads per unit length is defi ned under standards EN 1049–
2: 1993  and ISO 7211–2: 1984  as the number of threads per centimetre of 
the specimen that have been conditioned in the standard atmosphere for 
testing. The mean of the individual number for each direction is shown, for 
the warp threads, as ends per centimetre and, for the weft threads, as picks 
per centimetre. The fabric is considered to be faulty when the number of the 
ends and/or picks per centimetre of the warp yarn and/or weft yarn of the 
fabric delivered do not comply with the specifi cation set out in the contract 
or with those of the standard specimen. The tolerance level for faults is 6% 
for carded fabrics, and 4% for all other fabrics (DTB,  2006 ). Standards EN 
1049–2: 1993  and ISO 7211–2: 1984  have specifi ed three methods (methods 
A, B, and C) for the determination of the number of threads per centimetre 
in woven fabrics. Any of the three methods may be used, and the choice 
usually depends on the type of fabric. In cases of dispute, however, method 
A is recommended. 

 The principles of these methods are:

   Method A: a section of fabric is selected as follows:  
  10 cm for fabric with less than 10 threads per centimetre  • 
  5 cm for fabric with 10–25 threads per centimetre  • 
  3 cm for fabric with 25–40 threads per centimetre  • 
  2 cm for fabric with more than 40 threads per centimetre    • 

 The section is dissected and the number of threads is counted. Threads are 
typically 1–2 cm in length.  

   Method B: the number of threads visible within the aperture of a specifi ed 
counting glass is determined.  
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  Method C: the number of threads per centimetre is determined with a tra-
versing thread counter.     

  8.3.3     Width 

 There are two defi nitions of fabric width: the overall width, and the usable 
width. The overall width is defi ned under standard ISO 3932: 1976  as the dis-
tance, at right angles to the length of the fabric, between the outermost warp 
threads in the piece. Under the same standard, usable width is defi ned as the 
distance, at right angles to the length of the fabric, between the outermost 
warp threads of the body of the fabric. In accordance with EN 1773: 1996  the 
usable  2   width of a piece is also defi ned as the width of the fabric excluding 
any selvedge materials, marks, pinholes or other non-homogeneous areas 
of the fabric. Faults in the fabric occur when the usable width of the deliv-
ered piece is less than that specifi ed in the contract. No tolerance is allowed 
below the usable stipulated width in the contract. The maximum width must 
not exceed the usable stipulated width +4 cm (DTB,  2006 ). 

 There are several methods of testing the width of the fabric: In cases 
where the cloth has selvedge, testing is carried out by measuring the small-
est distance between the two selvedges (the latter not being included in the 
measurement); in cloths without selvedge, the smallest distance between the 
two edges of the cloth is measured and 1 cm is deducted from each side; 
cloths with stenter-pin holes or marks are measured at the minimum width 
between the holes or marks on the cloth without tension. Where there is 
dispute, measurements are made according to ISO standard 3932: 1976 .  

  8.3.4     Length of the piece and length of an order 

  Length of the piece 

 The length of the piece is defi ned under ISO standard 3933: 1976  as the 
distance between the outermost complete weft threads in a piece, exclud-
ing the weft threads of any different materials at the end(s) of the piece. 
In accordance with EN 1773: 1996 , however, the length of the piece is the 
distance between the beginning and the end of the sample in the length-
wise or machine direction. The material is considered to be faulty if (a) 
the delivered length (including faults) is different from the length of the 
piece as contracted, and/or (b) the length has been defi ned as the distance 
between the markers at the head and tail ends of the piece. On the length of 

  2     The usable width may be defi ned differently for some end uses or specifi cations, as 
agreed between the interested parties.  
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each delivered piece the following tolerances are allowed, compared to the 
length specifi ed in the contract (DTB,  2006 ):

   ±1% for woven fabrics  • 
  ±2% for woven fabrics with elastane  • 
  ±2% for knitted fabrics  • 
  ±3% for knitted fabrics with elasthan.    • 

 The length of the piece is tested with a routine check, carried out using a 
calibrated measuring machine with a tolerance of ±1%. Where there is dis-
pute, measurements are made according to the ISO standard 3933: 1976 .  

  Length of an order 

 The length of an order is defi ned as faulty when the length delivered  3   (in 
a particular type and colour) is longer or shorter than the ordered length. 
Faults are tolerated up to 2000 m: ±5%, for silk up to 1000 m: ±5% and from 
2000 m: ±2%, for silk from 1000 m: ±2% (DTB,  2006 ). Testing is carried out 
by measuring the length of each piece forming part of the order and adding 
them up for the resulting measurement (DTB,  2006 ).   

  8.3.5     Weave 

 The weave of the material is considered to contain faults when a different 
weave from that of the typical sample or that specifi ed in the contract is 
used. Testing is carried out according to ISO 7211–1: 1984 . The weave repeat 
shown on the design paper is adopted as the means for showing the weave 
of fabric and provision is made in the repeat for showing the disposition of 
different weaves. No differences are tolerated in the weave.  

  8.3.6     Composition 

 The composition of a material is considered to contain faults when the 
nature of the fi bres of the fabric and/or their proportions, where there is a 
mixture, differ from the conditions stipulated in the contract. The tolerance 
for faults varies by country, but for countries in the European Union, testers 
can refer to EU Directives and/or the national legislation in force for coun-
tries outside the EU. The methods of testing the composition of a material 
also vary according to country. In countries in the European Union, the fol-
lowing directives can be used:

  3      ‘Length delivered’  means gross length, including any possible faults.  

�� �� �� �� �� ��



 Quality requirements for clothing materials 257

© Woodhead Publishing Limited, 2013

   Directive 96/73/EC  • 
  Directive 96/74/EC  • 
  Commission Directive 97/37/EC and  • 
  Commission Directive  2004 /34/EC    • 

 Outside the European Union, unless there are special regulations regarding 
composition testing, ISO standards ISO 5089: 1977 , ISO 1833: 1977  and ISO 
5088: 1976  can be followed.  

  8.3.7     Design 

 Faults in the design of a fabric are defi ned by a difference in design in rela-
tion to the sample, either due to shade variations in ground or effect yarns, 
or because the design dimensions differ from those specifi ed in the contract. 
In the case of designs with a defi nite repeat (e.g. checks or stripes), the only 
disparities in design would be differences occurring between the delivered 
piece and the reference sample. Faults in the design of materials are toler-
ated to the following levels:

   Fabrics with visible weft: ±1.5%  • 
  Uni–coloured fabrics: ±2.0%  • 
  Double jersey: ±3.0%, and single jersey: ±4.0% (DTB,  2006 ).    • 

 Testing for design fl aws is carried out by measuring the length of the fabric 
taken up by at least ten repeats of the design. In cases where the design is 
repeated within less than 10 cm, a measurement of at least 1 m is taken. 
The measurement should be taken in an area of the cloth free from strings 
(DTB,  2006 ). The measurements obtained are compared with those stipu-
lated in the contract or, where there is no such stipulation, with those from 
the reference sample.  

  8.3.8     Irregularity of checks along the piece 

 Where the sizes of the checks on a fabric are not identical right through the 
piece, this is considered to be a fault. These are tolerated to the following 
levels:

   Fabrics with visible weft: ±1.5%  • 
  Uni–coloured fabrics: ±2.0%  • 
  Double jersey: ±3.0%, and single jersey: ±4.0% (DTB,  2006 ).    • 

 The regularity of the checks is tested with the cloth laid without tension on a 
fl at, smooth surface. The warp is measured in several places along the length 
occupied by a given number of checks (at least fi ve), the total length to be 
measured never being less than 70 cm (DTB,  2006 ).   
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  8.4     Performance characteristics: types, methods of 
measurement and minimum quality standards 

 Performance characteristics comprise all the important functional charac-
teristics of fabrics requiring specifi cation and which can be measured with 
the aid of suitable equipment. The most signifi cant areas are: dimensional 
stability; colour fastness to light; washing and dry-cleaning; breaking strength 
and elongation; water-repellency and water proofi ng; air-permeability resis-
tance to pilling; and resistance to abrasion and seam slippage. 

 As well as being defi ned and tested, each performance characteristic in a 
fabric must meet the minimum quality standards MQS,  4   which are defi ned 
according to the different clothing items, that is, of different end-usage cate-
gories. In this chapter, unless otherwise stated, the quality standard itemised 
for all types of clothing is of a fairly high, but reasonable, level (Bona,  1994 ). 
If, for technical reasons, suppliers cannot guarantee these minimum values, 
it is important that they inform the purchaser accordingly, specifying the 
values they can guarantee and obtaining acceptance for these. 

  8.4.1     Colour fastness following exposure to light 

 The colour fastness following exposure to light of a material is defi ned as 
the level of change in colour it undergoes when exposed to light (ISO 105 
B02: 1994 ). This is measured using a specimen of the fabric to be tested. 
The specimen and a range of eight blue wool standards are simultaneously 
exposed to artifi cial light in an apparatus fi tted with a xenon arc fading 
lamp. The humidity in the apparatus is controlled. Blue wool references are 
identifi ed by the number 1 (very low colour fastness) to 8 (very high colour 
fastness), with each approximately double the fastness of the one below it. 
The term ‘change in colour’ includes changes in hue, chromatic character-
istics, lightness or combination of these characteristics of colour (ISO 105-
B01: 1994 ). The minimum acceptable quality standards for colour fastness 
following exposure to light are shown in  Table 8.1 .     

  8.4.2     Colour fastness following artifi cial weathering 

 The colour fastness following artifi cial weathering of a material is defi ned as 
the level of colour change it undergoes when exposed to artifi cial weather 
conditions (ISO 105 B04: 1994 ). This is measured using a specimen of the 
fabric to be tested. The specimen and a range of eight blue wool standards 
are simultaneously exposed to simulated weather conditions in an apparatus 

  4      Minimum quality standards MQS  correspond to minima, which means that no 
tolerance can be accepted.  
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fi tted with a xenon arc fading lamp. Colour fastness is assessed by compar-
ing the change in colour of the test specimen with that of the references. 
This method can also be used to determine whether a textile is wet light-
sensitive. The minimum acceptable quality standards for colour fastness fol-
lowing artifi cial weathering are shown in  Table 8.2 .     

  8.4.3      Colour fastness following dry-cleaning using 
perchloroethylene 

 The colour fastness following dry-cleaning of a material is defi ned as the 
level of change in colour and/or the staining that the dyed fabric undergoes 
when exposed to perchloroethylene (ISO 105 D 01: 2010 ). This is measured 
using a specimen of the fabric to be tested. The specimen is packed in a 
cotton fabric bag with non-corrodible steel discs and treated in laboratory 
washing equipment with a cleaning solvent for 30 min at 30°C. After dry-
ing, the change in colour of the sample is assessed using the grey scale for 
determining changes in colour. In accordance with ISO 105-A02: 1993, the 

 Table 8.1     The minimum quality standards for fabric colour fastness following 

exposure to light compared with the European blue wool standard (DTB,  2006 ) 

 T
ro

u
s
e

rs
, 
s
h

o
rt

s
 

 S
k
ir

ts
 

 J
a

ck
e

ts
 

 C
o

a
ts

 

 K
n

it
w

e
a

r 

 A
n

o
ra

k
s
, 
s
k
iw

e
a

r,
 

 s
p

o
rt

s
w

e
a

r 

 P
y

ja
m

a
s
, 

 n
ig

h
tw

e
a

r 

 S
h

ir
ts

, 
d

re
s
s
e

s
, 

b
lo

u
s
e

s
 

 L
in

g
e

ri
e

 

 S
w

im
w

e
a

r 

 L
in

in
g

 

 Colour fastness rating 

 5  5  5  5  5  5  4  5  4  5  4 

 Table 8.2     The minimum quality standards for fabric colour fastness following 

artifi cial weathering compared with the European blue wool standard (DTB, 

 2006 ) 
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scale consists of fi ve pairs of non-glossy grey chips (or swatches of grey 
cloth). Starting from a neutral grey, the second chip or swatch in each pair is 
increasingly lighter in colour, showing increasing colour contrasts. The pairs 
have the following fastness ratings:

   5: very good – no visual change  • 
  4: good – trace  • 
  3: fairly good – some visual change  • 
  2: moderate – pronounced visual change  • 
  1: poor – major visual change    • 

 This scale may be augmented by chips or swatches with half-step fast-
ness ratings (4–5, 3–4, 2–3 and 1–2), giving a nine-step scale. The minimum 
acceptable quality standards for colour fastness following dry-cleaning 
using perchloroethylene are shown in  Table 8.3 .     

  8.4.4     Colour fastness following perspiration 

 The colour fastness following perspiration of a material is defi ned as the 
level of change in colour and/or the staining that the dyed fabric undergoes 
when exposed to perspiration (ISO 105 E04: 2008 ). This is measured using 
a specimen of the fabric to be tested. The specimen is brought into contact 
with white reference fabrics and then immersed in two solutions of histidine 
(one solution is acid, the other alkaline) and placed between two templates 
under a specifi ed pressure in a test device, the so-called ‘perspirometer’.  5   
The perspirometer is then placed during 4 h in an with a temperature of 
37°C. After the treatment the specimens are dried. The change in colour of 

 Table 8.3     The minimum quality standards for fabric colour fastness following dry-

cleaning using perchloroethylene (DTB,  2006 ) 
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  5      Perspirometer  is an instrument for testing colour fastness to perspiration. It is 
used for determining the resistance of the colour of textiles of all kinds and in all 
forms to the effect of human perspiration.  
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the specimen under test is assessed using the grey scale for testing change in 
colour; the staining to the reference fabrics is assessed using the grey scale 
for assessing staining. The minimum acceptable quality standards for colour 
fastness following perspiration are shown in  Table 8.4 .    

 If the clothing is made up of white or light-coloured parts next to dark 
ones, the value of rate of staining must be 4–5 or higher and dark colours 
must not bleed to light ones. The clothing manufacturer should specify this 
standard when drawing up the contract. 

  8.4.5     Colour fastness following washing 

 The colour fastness following washing of a material is defi ned as the level of 
change in colour and/or the staining following washing (ISO 105 C06: 2010 , 
ISO 105 C08: 2010  and ISO 105 C09: 2001 ). This is measured using a specimen 
of the fabric to be tested. The specimen is brought into contact with white 
reference fabrics and washed in laboratory washing equipment for a prede-
termined time in a washing solution containing a specifi ed detergent. The 
temperature of the wash varies according to the material. After rinsing and 
drying the change in colour of the specimen is assessed using the grey scale 
for measuring colour change (in accordance with ISO 105-A02: 1993). The 
staining to the reference fabrics is assessed using the grey scale for measuring 
colour staining. The minimum acceptable quality standards for colour fastness 
following washing for all washable fabrics and linings are shown in  Table 8.5 .    

 If the clothing is made up of white or light-coloured parts next to dark 
ones, the value of rate of staining must be 4–5 or higher, and dark colours 
must not bleed to light ones. The clothing manufacturer should specify this 
standard when drawing up the contract.   

 Table 8.4     The minimum quality standards for fabric colour fastness following 

perspiration (DTB,  2006 ) 
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  8.4.6     Colour fastness following pressing or ironing 

 The colour fastness following the pressing or ironing of a material is 
defi ned as the level of change in colour and/or the staining of the adjacent 
fabric after hot pressing (ISO 105 X11: 1994 ). A specimen of the fabric is 
used for testing and tests can be carried out when the textile is dry, when 
it is wet, or when it is damp. The end-use of the textile usually determines 
which test should be made in each case. A dry specimen is used for dry 
pressing, a dry specimen covered with a wet cotton adjacent fabric is used 
for damp pressing, and a wet specimen covered with a wet cotton adjacent 
fabric is used for wet pressing. All are pressed with a heating device at a 
specifi ed temperature and pressure for a specifi ed time. After the treat-
ment the change in colour of the specimen is assessed by comparison with 
the appropriate grey scale (in accordance with ISO 105-A02: 1993), both 
immediately and after the specimen has been kept for four hours in the 
standard atmosphere designated for such tests. The minimum acceptable 
quality standards for colour fastness following pressing or ironing are 
shown in  Table 8.6 .     

  8.4.7     Colour fastness following rubbing 

 The colour fastness to rubbing of a material is defi ned as the resistance 
of colour in textiles to rubbing off and staining other materials (ISO 105 
X12: 2001 ). A specimen of the fabric is used for testing. Two tests are carried 
out using a dry and wet rubbing cloth. Specimens are tested in both the warp 
and the weft direction. Dry rubbing and wet rubbing are both tested. The 
staining to the reference fabrics is assessed using the grey scale for assessing 

 Table 8.5     The minimum quality standards for colour fastness following washing 

for all washable fabrics and linings (DTB,  2006 ) 
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 Table 8.6     The minimum quality standards for colour fastness following pressing 

or ironing (DTB,  2006 ) 
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staining in accordance with ISO 105-A03: 1993. The minimum acceptable 
quality standards for colour fastness to pressing or ironing are shown in 
 Table 8.7 .     

  8.4.8     Breaking strength and elongation 

 The breaking strength and elongation  6   of clothing fabrics are considered 
to be unacceptable if they are lower than the necessary minimum values 
for a particular end-use or the values specifi ed in the contract or, in the 

  6      Elongation  – ratio of the extension (increase in length of a test specimen produced 
by a force; it is expressed in units of length) of a test specimen to its initial length, 
expressed as a percentage.  

 Table 8.7     The minimum quality standards for colour fastness following rubbing 

(DTB,  2006 ) 
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absence of these, typical sample values (EN ISO 13934–1: 1999 ). The pro-
cedure for determining the maximum force and elongation of a textile 
fabric is to test specimen fabrics using a strip method. The specimens are 
tested in the standard atmosphere for testing in the wet state. The test is 
mainly applied to woven textile fabrics. It can be applied to fabrics pro-
duced using other techniques, but is not normally applied to woven elastic 
fabrics, geotextiles, non-wovens, coated fabrics, textile-glass woven fabrics, 
or fabrics made from carbon fi bres. The minimum acceptable quality stan-
dards for the breaking strength and elongation of a material are shown in 
 Table 8.8 .     

  8.4.9      Seam slippage: fi xed seam opening method 
and fi xed load method 

 Seam slippage  7   is defi ned as the tendency of the warp and weft yarns in a 
woven fabric to slip over one another. A fabric is considered faulty due to 
seam slippage when there is a displacement of the yarn used for the fab-
ric due to a force exerted perpendicularly to the seam, which produces an 
opening parallel to the seam.  8   The stitched seam slippage resistance of yarns 
in a seam in woven fabrics can be determined using either a fi xed seam 
opening method – Part 1 (ISO 13936–1: 2004 ) or a fi xed load method – Part 
2 (ISO 13936–2: 2004 ). 

  Fixed seam opening method 

 Using this method tests are made until a predetermined fi xed seam open-
ing (to be agreed upon between parties) is reached. The necessary force to 
achieve this opening is then administered. The test report includes the aver-
age seam opening force (in newtons) for the specifi ed seam opening (2 mm, 
3 mm, 4 mm, 5 mm and 6 mm) for warp and weft slippage. This method is 
not suitable for stretch fabrics or for industrial fabrics, for example, beltings. 
The minimum acceptable quality standards for seam slippage in a material 
using the fi xed seam method are shown in  Table 8.9 .     

  7      Seam slippage,  as tendency of warp and weft yarn in a woven fabric to slip, is a 
fabric property and should not be confused with seam strength. Warp slippage 
is warp yarns slipping over weft yarns, that is, the warp yarns are horizontal (at 
right angles) to the direction of pull; weft slippage is weft yarns slipping over warp 
yarns, that is, the weft yarns are horizontal (at right angles) to the direction of 
pull.  

  8     If the seam of fabric breaks down and the slippage cannot be measured, this shall 
be recorded as a failure.  
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  Fixed load method 

 Using this method tests are made until a predetermined fi xed load (to be 
agreed between parties) is reached. The load applied can therefore vary, but 
the standard loads are as follows:

   60 N – for fabrics with • α mass ≤220 g m 2 ,  
  120 N – for fabrics with a mass >220 g m • 2   
  180 N – for fabrics for furnishing.    • 

 The opening is then measured. The test report includes the mean warp slip-
page and the mean weft slippage concerning the load applied. This method 
is suitable for all clothing and upholstery woven fabrics, and stretch fabrics 
(including those containing elastomeric yarn). It is not suitable for indus-
trial fabrics, for example, beltings. The minimum acceptable quality stan-
dards for seam slippage in a material using the fi xed load method are shown 
in  Table 8.10 .      

  8.4.10     Resistance to abrasion 

 A fabric’s resistance to abrasion is defi ned as faulty if the fabric wears out 
too quickly following normal use (ISO 12947–2: 1998 ). The level of abrasion 
resistance in a fabric is determined using the Martindale method – Part 2: 
Determination of specimen breakdown. This method can be used to deter-
mine the level of breakdown due to abrasion in specimens from all textile 
fabrics, including non-wovens, apart from fabrics for which the specifi er has 
indicated that their end-use requires a low abrasion wear life. Corduroy and 
pile fabrics are fi rst tested on the reverse side of the fabric and then on the 
front of the fabric, according to the procedure described in Appendix A.2 
of ISO 12947–2: 1998 . The minimum acceptable quality standards for fabric 
abrasion resistance are shown in  Table 8.11 .     

  8.4.11     Resistance to pilling 

 A fabric’s resistance to pilling (the generation of pills, or clumps of entan-
gled fi bres, over the surface of the fabric) is defi ned as faulty if the fabric 
tends to pill quickly and the pills remain on the cloth (ISO 12945–2: 2000 ). A 
textile fabric’s resistance to pilling and surface change is determined using 
a modifi ed Martindale method: Determination of fabric propensity to sur-
face fuzzing and to pilling – Part 2. The specimen’s resistance to pilling is 
assessed according to the following grading scheme:

   Grade 5: no visual change  • 
  Grade 4: slight surface fuzzing and/or pilling  • 
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  Grade 3: moderate surface fuzzing and/or pilling  • 
  Grade 2: distinct surface fuzzing and/or pilling  • 
  Grade 1: dense surface fuzzing and/or pilling    • 

 The minimum acceptable quality standards for fabric abrasion resistance 
are shown in  Table 8.12 .     

  8.4.12     Dimensional stability following washing 

 A fabric which will be sold as washable must maintain its dimensions after 
washing. These fabrics are tested according to two standards, ISO 5077: 2007  
and EN ISO 6330: 2000 :

   ISO 5077: 2007  is designed for determining the level of dimensional • 
change  9   in fabrics, garments or other textile articles when subjected to 
an appropriate combination of specifi ed washing and drying procedures. 
The method is applicable to all washable fabrics and garments. In the 
case of textile articles or deformable materials, it is necessary to exercise 
all possible caution in the interpretation of the results.  

 Table 8.12     The minimum quality standards for fabric pilling resistance (DTB,  2006 ) 
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 Woven fabrics  Woven fabrics with raised 

surface 

 Knitwear 

 After 125 revolutions: 4 

 After 500 revolutions: 4 

 After 1000 revolutions: 4 

 After 2000 revolutions: 4 

 After 125 revolutions: 3–4 

 After 500 revolutions: 3 

 After 1000 revolutions: 2–3 

 After 125 revolutions: 3–4 

 After 500 revolutions: 3 

 After 1000 revolutions: 2–3 

  9      Dimensional change  – when a fi bre absorbs moisture, its dimensions change; there 
is a swelling both lengthways and crossways caused by the insertion of molecules 
of water in the polymer structure (Bona,  1994 ).  
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 Table 8.13     The minimum quality standards for fabric dimensional stability 

following washing (DTB,  2006 ) 
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  Length  

 −2%  −2%  *  −2%  −6% 

 +2% 

 −3%  −2%  −2%  −2%  −2%  −3% 

  Width  

 −2%  −2%  *  −2%  −6% 

 +2% 

 −3%  −2%  −2%  −2%  −2%  −3% 

    * Test not applicable to this product.    

  EN ISO 6330: 2000  is designed for specifying domestic washing and • 
drying procedures for textile testing. The procedures are applicable 
to textile fabrics, garments and/or other textile articles, which are 
 subjected to appropriate combinations of domestic washing and dry-
ing procedures.    

 The minimum acceptable quality standards for fabric dimensional stability 
following washing are shown in  Table 8.13 .     

  8.4.13     Dimensional stability following dry-cleaning 

 Fabrics intended for dry-cleaning must maintain their dimensions following 
this procedure. Fabrics are tested according to the ISO 3175–1: 2010  standard 
Dry-cleaning and fi nishing – Part 1: Method for assessing the cleanability of 
textiles and garments. 

 Dry-cleaning tests are carried out using a commercial dry-cleaning 
machine. The fabric and garment properties likely to change following 
dry-cleaning and fi nishing are identifi ed, and methods for assessing these 
changes using existing international standards are given where appropriate. 
Other properties which are also important, but for which no international 
standard methods of assessment are available, are also indicated, in annex 
A, together with advice on how to proceed with their assessment. It is rec-
ommended that comments on these properties should be included in the 
test report. Tests involve three dry-cleaning cycles using perchloroethylene 
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 Table 8.14     The minimum quality standards for fabric dimensional stability 

following dry-cleaning (DTB,  2006 ) 

 Minimum quality standards (DTB,  2006 ) 
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  Length  

 1.5%  1.5%  1.5%  1.5%  2.5%  1.5%  1.5%  1.5%  1.5%  1.5%  1.5% 

  Width  

 1.5%  1.5%  1.5%  1.5%  2.5%  1.5%  1.5%  1.5%  1.5%  1.5%  1.5% 

(in a charged bath) in an industrial dry-cleaning machine. The minimum 
acceptable quality standards for fabric dimensional stability following dry-
cleaning are shown in  Table 8.14 .     

  8.4.14     Water-repellency 

 Fabrics with insuffi cient water-repellent properties when tested according 
to ISO 4920: 1981  are considered faulty. The standard specifi es a spray test 
method for determining the resistance of any fabric  –  which may or may 
not have been given a water resistance or water-repellent fi nish  –  to surface 
wetting by water. This test is not intended for use in predicting the rain pen-
etration resistance of fabrics, since it does not measure the penetration of 
water through the fabric. The spray rating, the measure of the resistance of 
a fabric surface to wetting, is determined by comparing the appearance of 
a specimen with standard reference photographs. An ISO spray test rating 
chart based on AATCC photographs is available commercially. The fi ve-
step scale is:

   1:  wetting of the whole of the sprayed surface  
  2:  wetting of half of the sprayed surface  
  3:  wetting of small discrete areas of the sprayed surface  
  4:  no wetting of, but adherence of small drops to, the sprayed surface  
  5:  no wetting of and no adherence of small drops to the sprayed surface    

 The minimum acceptable quality standards for water-repellency in fabrics 
are shown in  Table 8.15 .     
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 Table 8.15     The minimum quality standards for water-repellency in fabrics (DTB, 

 2006 ) 

 T
ro

u
s
e

rs
, 
s
h

o
rt

s
 

 S
k
ir

ts
 

 J
a
ck

e
ts

 

 C
o

a
ts

, 
ra

in
w

e
a

r 

 K
n

it
w

e
a

r 

 A
n

o
ra

k
s
, 
s
k
iw

e
a

r,
 

 s
p

o
rt

s
w

e
a

r 

 P
y
ja

m
a

s
, 
 

 n
ig

h
tw

e
a

r 

 S
h

ir
ts

, 
d

re
s
s
e

s
, 

b
lo

u
s
e

s
 

 L
in

g
e

ri
e

 

 S
w

im
w

e
a

r 

 L
in

in
g

 

 New 

 *  *  *  5  *  5  *  *  *  *  * 

 After care treatment 

 *  *  *  3  *  3  *  *  *  *  * 

    * Test not applicable to this product.    

  8.4.15     Air permeability 

 Fabrics with insuffi cient air-permeability properties when tested according 
to the ISO 9237: 1995  standard are considered faulty. The standard describes 
a method for measuring the permeability of fabrics to air, and that is appli-
cable to most types of fabric,  10   including industrial fabrics for technical pur-
poses, non-wovens and built-up textile articles that are permeable to air. This 
method is intended to determine the rate of air fl ow passing perpendicularly 
through a given area of fabric. The rate of air fl ow is measured at a given 
pressure difference across the fabric test area. The minimum acceptable 
quality standards for air permeability in fabrics are shown in  Table 8.16 .     

  8.4.16     Waterproofness 

 The waterproofness of fabrics is tested according to two standards, ISO 
811: 1981  and EN 343: 2003 :

  10      Fabrics  with different surface textures on either side can have a different air permeability 
depending upon the direction of air fl ow. For woven fabric, yarn twist also is important. As 
twist increases, the circularity and density of the yarn increases, thus reducing the yarn diam-
eter and the cover factor and increasing the air permeability. Yarn crimp and weave infl u-
ence the shape and area of the interstices between yarns and may permit yarns to extend 
easily. Such yarn extension would open up the fabric, increase the free area, and increase the 
air permeability.  
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 Table 8.16     The minimum quality standards for air permeability in fabrics (DTB, 

 2006 ) 
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 Depending on requirements 

 *  *  *  25 mm/s 

(l/m 2 s) 

 *  25 mm/s 

(l/m 2 s) 

 *  *  *  *  * 

    * Test not applicable to this product.    

   The ISO 811: 1981  standard test involves a hydrostatic pressure test • 
designed to determine the level of the fabric’s resistance to water pene-
tration. The method is primarily intended for dense fabrics, for example, 
duck fabrics (canvas), tarpaulins and tents. Specimens are subjected to a 
steadily increasing pressure of water on one side under standard condi-
tions, until penetration occurs in three places. The water pressure may 
be applied from below or from above the test specimen. The hydrostatic 
head supported by the fabric is an effective measure of the fabric’s resis-
tance to the passage of water through it.  
  The EN 343: 2003  standard specifi es the requirements for protective • 
clothing against the effects of precipitation (e.g. rain and snow), fog, 
ground humidity and wind. The testing of rainproofness of ready-made 
garments is excluded from this standard at this time, because a sepa-
rate test method for this property is currently being prepared. Garments 
according to this standard often also offer protection against the cold 
and therefore also follow the EN 342 standard and have corresponding 
markings.    

 The minimum acceptable quality standards for waterproofness in fabrics 
are shown in  Table 8.17 .      

  8.5     Visible faults 

 These faults have a visible effect on a fabric, comprising all the dispropor-
tions within the structure of the textile material that interfere with its end-
use. If these faults are not detected early, that is, during the manufacturing 
process, they can drastically affect the production process and the quality 
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of the fi nished product. According to the BS 6395:  1983  standard, a fabric 
fault is defi ned as any feature within the usable width of a fabric that will 
downgrade the resultant garment. Visual faults can be categorised as spin-
ning, weaving, dyeing, and processing faults, as well as mending faults, which 
arise due to mistakes during the fault removal or mending process (BS 6395: 
 1983 ; Tomar,  2010 ). A detailed presentation of visual faults or defects in or 
on fabrics can be found in the  Recommendations concerning characteristics 
and faults in fabrics to be used for clothing  (DTB,  2006 ). 

  8.5.1      Warp direction: thick or thin end, tight or 
slack end, missing end and double end 

 Material defects in the warp direction occur in the threads and are defi ned 
as follows:

    • Thick or thin end : A warp thread that differs in diameter from the sur-
rounding normal ends ( Fig. 8.2 ).     
   • Tight or slack end : A warp thread, or part of a warp thread, that is tighter 
or slacker than the surrounding normal ends.  
   • Missing or broken end : The absence of a complete warp thread or part 
of a warp thread.  

 Table 8.17     The minimum quality standards for waterproofness in fabrics (DTB, 

 2006 ) 

 Minimum quality standards (DTB,  2006 ) 
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 Weather resistant 

 *  *  *  130 

mBar 

 *  130 
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 *  *  *  *  * 

 Fashion 

 *  *  *  80 
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 *  80 
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 *  *  *  *  * 

    * Test not applicable to this product.    
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   • Double end : A thread, or part of a thread, in the warp, which has acci-
dentally been doubled.    

 Testing for faults in the warp direction is conducted using a simple visual 
assessment of the imperfections in the fabric to decide which would be unac-
ceptable in a garment. The number or faults in the fabric are then counted 
and their lengths are measured. Faults are tolerated if the residual cloth 
width satisfi es the terms of the contract (DTB,  2006 ).  

  8.5.2      Weft direction: thick or thin pick, tight or 
slack pick, missing pick, broken pick, 
double pick and trailer 

 Material defects in the weft direction also occur in the threads and are 
defi ned as follows:

    • Thick or thin pick:  A weft thread that differs in diameter from the cor-
responding normal picks.  
   • Tight or slack pick:  A weft thread, or part of a weft thread, that is tighter 
or slacker than the corresponding normal picks ( Fig. 8.3 ).     
   • Missing pick:  The unintentional omission of one complete pick across 
the full width of the cloth ( Fig. 8.4 ).     
   • Broken pick:  A pick that is inserted for only part of the cloth width 
( Fig. 8.5 ).     
   • Double pick:  The thread or pieces of thread in the weft which form the 
woven structure but are accidentally doubled ( Fig. 8.6 ).     
   • Trailer:  Weft yarn that has been pulled inadvertently into the fabric dur-
ing weaving ( Fig. 8.7 ).       

 8.2      Thick end.  
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 8.5      Broken pick.  

 8.4      Missing picks.  

 8.3      Tight pick.  

 As with the assessment of faults in the warp direction, testing for faults in 
the weft direction is also conducted using a simple visual assessment of the 
imperfections in the fabric that would be deemed unacceptable in a gar-
ment, followed by a measurement of their lengths. In this case however, 
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no tolerance is permitted for faults detected using this method of control 
(DTB,  2006 ).  

  8.5.3     Stripes in the warp 

 Stripes or streaks in the warp, which extend either for part of the warp 
direction or over its entire length and which show up as faults against the 
rest of the material, are considered to be faults in the fabric ( Fig. 8.8 ). A 
visual assessment of the fabric and the measurement of the length of the 
stripes are suffi cient tests to decide whether the imperfections would be 
unacceptable in a garment. Stripe faults are tolerated if the residual cloth 
width meets the terms of the contract (DTB,  2006 ).     

 8.7      Trailer.  

 8.6      Double pick.  
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  8.5.4     Bars in the weft 

 Bars in the weft are defi ned as streaks, which occur over either the full 
or part of the length of the weft direction and which show up against the 
rest of the piece ( Fig. 8.9 ). Again, a visual assessment of the imperfections 
is used to decide whether they would be unacceptable in a garment. The 
length of the bars is also measured if they occur in a sequence. No toler-
ance is permitted for faults detected using this method of control (DTB, 
 2006 ).     

  8.5.5     Knot or slubs in the warp or weft threads 

 Knot or slubs in some of the weft or warp threads are considered to be 
faults when they are visible to an experienced person and when they spoil 
the appearance of the fabric (Fig.  8.10 ). This visual assessment is suffi cient 

 8.8      Stripes in the warp.  

 8.9      Bars in the weft.  
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to test whether the faults would be unacceptable in a garment and no tol-
erance is permitted for faults detected using this method of control (DTB, 
 2006 ).     

  8.5.6      Faulty mending and burling, tears, 
holes and stains 

 Faults caused by mending and burling, tears, holes and stains are defi ned as 
follows:

    • Faulty mending : poor appearance of repair on the surface of the fabric.  
   • Faulty burling:  the presence of faults which have not been removed 
 during burling ( Fig. 8.11 ).     

 8.10      Knot.  

 8.11      Burling.  
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   • Tears, cuts and holes:  various forms of cloth breakage ( Fig. 8.12 ).     
   • Stains:  areas of the cloth that have been contaminated with impurities 
( Fig. 8.13 ).       

 These types of faults are again tested using a visual assessment of the imper-
fections and the measurement of their length to ascertain whether they are 
unacceptable for use in a garment. No tolerance of these faults is permitted 
(DTB,  2006 ).  

  8.5.7     Fabric pieces cut in several parts 

 Fabric is deemed faulty if it is cut across the whole width in two or more 
parts, the total being equal to the required length ( Fig. 8.14 ). Once it has been 
verifi ed that the number of the separate parts together makes up the length 
ordered, no tolerance of this fault is permitted (DTB,  2006 ).      

 8.12      Hole.  

 8.13      Stain.  
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  8.6     Care labelling of clothing and textile products 

 The durability  11   and maintenance of a textile product during its normal 
period of usage is of great importance. For this reason, many clothing 
manufacturers provide consumers with additional information regarding 
maintenance of their clothing, in order to help them get the most out of it 
for as long as possible. Maintenance is the ability of a textile and articles of 
clothing to remain in the same state of cleanliness, size, physical integrity 
and colour, as they were when purchased, taking into account wear, usage, 
and/or care procedures (Hatch,  1993 ). Care performed on the basis of the 
information given on the label provides a guarantee that the textile prod-
uct will not be damaged. It does not, however, guarantee that all varieties 
of dirt and stains will be removed. The following sections consider those 
maintenance properties relating to the care labelling of clothing and tex-
tile products and provide recommendations for improved care labelling 
in the future. 

  8.6.1     Recommendations for care labelling 

 A care label is a permanent label or tag, containing regular  12   care infor-
mation and instructions for the ordinary user of the product. It is attached 
or affi xed in such a manner that it will not become separated from the 
product, and will remain legible during the useful life of the product (FTC, 
 2000 ). Care-label recommendations on an item of clothing includes various 
instructions regarding washing, bleaching, drying, ironing and dry-cleaning, 

  11      Durability  is the ability of a textile to retain its physical integrity under conditions of 
mechanical stress for a reasonable period of time (Hatch,  1993 ).  

  12      Regular care in this instance  means customary and routine care, not spot care.  

 8.14      Pieces cut.  
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by following standard procedures. When determining what to include on 
a care label, there are certain options to be considered, depending on the 
performance of the clothing. For example, if an article of clothing deterio-
rates during normal washing then dry-cleaning needs to be recommended. 
Additional care instructions are also advocated when labelling speciality 
clothing.  

  8.6.2     Care-labelling systems 

 Care labels provide information on the maximum permitted treatments and 
the proper care of clothing textiles. They are intended both for consumers 
and for those companies, such as laundrettes and dry-cleaners, responsible 
for the care of textiles. Care labelling is not mandatory at EU level, but at 
Member State level the situation varies. In most of the older Member States 
(EU-15 except Austria and Finland) and in Slovenia, Lithuania, Malta, and 
Cyprus, care labelling is optional, whereas many of the new Member States 
have mandatory care-labelling requirements (Euratex,  2007 ; IMCO,  2010 ). 

 Both the optional care-labelling systems applied by manufacturers and 
importers, and those legally required in the Member States where care 
labelling is mandatory, are generally based on the ISO 3758: 2005  standard, 
which, in turn, is based on the care symbols developed by GINETEX.  13   
These symbols are protected by a trademark owned by GINETEX ( 2010 ). 
In 1990, GINETEX allowed ISO to incorporate these symbols into the ISO 
3758: 2005  standard. The ISO 3758: 2005 , in turn, was adopted by CEN as a 
European standard EN ISO 3758 (IMCO,  2010 ). This means that there is 
effectively only one system in Europe, the GINETEXsystem / EN ISO 3758 
standard. In  2012  a new, revised care-labelling standard, EN ISO 3758: 2012 , 
was published, which will replace the previous version. One of the main 
changes in the new standard, which will affect retailers and brands, is the 
revision of the appearance of the ‘Do not bleach’ symbol. This has now 
reverted to a lined version. 

 Several of the main EU trade partners have mandatory care-labelling 
systems, including the USA, Japan, Australia and China. The USA has had 
care-labelling legislation since 1971. The legislation has seen several amend-
ments since then, with the current mandatory care-labelling system being 
in place since 2000. American care labels can be composed of either words 

  13      GINETEX  (Groupement International d’Etiquetage pour l’Entretien dex Textiles), the 
International Association for Textile Care Labelling, was fi rst founded in Paris 1963 fol-
lowing several International Symposiums for Textile Care Labelling at the end of the 1950s. 
GINETEX has devised an internationally applicable care-labelling system for textiles 
based on symbols. The pictograms used are registered trademarks and are the property of 
GINETEX.  
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or symbols, although words are most commonly used. As a minimum, they 
must include and be listed in the order of washing, bleaching, drying, iron-
ing, and dry-cleaning instructions. Additional instructions can be provided 
for clarifi cation purposes. 

 The care-labelling system in Japan is similar to that used in the USA. 
The symbols used are different, but they must also be in a certain order. 
That order is washing, bleaching, ironing, dry-cleaning, wringing and drying 
(Anon.,  2012 ). In March 2009, a revised care-labelling standard came into 
effect in China. The new standard brought care-labelling instructions into 
alignment with the international care-label standard ISO 3758. The major 
changes necessary for this alignment were the sequence and shapes of 
symbols, as well as the introduction of additional symbols (Anon.,  2009 ).  

  8.6.3     Care-labelling code using symbols 

 Care labelling, which states the level of regular care necessary for the ordi-
nary use of the product, is determined by the International Standard ISO 
3758: 2012 . This international standard establishes a system of graphic sym-
bols, intended for use in the marking of textile articles, which provide infor-
mation to prevent irreversible damage to the article during the textile care 
process and specifi es the use of these symbols in care labelling. 

 The following domestic treatments are covered in care labelling:

   Washing – a process designed to clean textile articles in an aqueous bath. • 
This operation may be carried out by machine or by hand.  
  Bleaching – a process carried out in an aqueous medium before, dur-• 
ing, or after washing and, which requires the use of an oxidising agent, 
including either chlorine or oxygen/non-chlorine products.  
  Drying after washing – a process carried out on textile articles after • 
washing to remove excess water (or moisture).  
  Ironing – a process carried out on a textile article to restore its shape and • 
appearance by means of an appropriate appliance using heat, pressure 
and possibly steam.  
  Professional textile care – professional dry-cleaning and professional • 
wet cleaning, excluding commercial laundering.    

 Five basic symbols and four additional symbols are provided to outline 
how a user should care for a particular item of clothing or textile prod-
uct. The care label provides instructions on what to do and what not to 
do when cleaning or caring for the product. The basic care symbols with 
care instructions are shown in  Table 8.18 . This International Standard 
applies to all textile articles in the form in which they are supplied to the 
end user.      
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 Table 8.18     The basic care symbols 

 Treatment  Description  Symbol  Instruction 

 Washing  For the washing 

processes, a 

washtub as shown 

 

      

 

 The symbol indicates 

whether domestic 

washing is possible 

and applies both to 

hand and machine 

washes 

 Bleaching  For the bleaching 

processes, a 

triangle as shown 

 

      

 

 The symbol indicates 

whether the article 

may or may not be 

bleached 

 Drying  For the drying 

processes, a square 

as shown 

 

      

 

 The square is the 

symbol of the drying 

process. The circle 

inside the square is a 

reference to tumble 

drying; the line(s) 

inside the square 

symbolises natural 

drying after the 

washing process 

 Ironing  For the ironing and 

pressing processes, 

a hand iron shape 

as shown 

 

      

 

 The dots indicate the 

temperature ranges 

for ironing 

 Professional 

textile care 

 For the professional 

dry-cleaning and 

professional wet 

cleaning processes 

(excluding 

commercial 

laundering), a circle 

 

      

 

 The symbol gives 

information on 

the possibility of 

professional dry or wet 

cleaning 

  8.7     Ecological labelling of clothing and textile 
products 

 The ecological awareness of consumers regarding textile products is increas-
ing, and this has increased the pressure on textile and clothing producers to 
produce environmental and human-friendly products that are less harmful 
both to nature and to human health. In order to address this concern, the 
human ecological quality objectives for textiles and clothing were devel-
oped at the beginning of the 1980s. These objectives are based primarily on 
textile ecology, which connects four signifi cant areas (Loy,  1993 ):

   Production ecology, which is concerned with the effects of production • 
processes on people and the environment,  
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  Human ecology,  • 14   which is concerned with the effects of textiles and the 
chemicals contained within them on the health and well-being of the 
consumer. In particular, the harmful substances present in clothes, which 
can evoke different reactions in people; for example eczema, which can 
occur due to the physical irritation that occurs through friction with too 
tight-fi tting clothing, or through heat and moisture,  
  Performance ecology, which deals with issues concerning textiles when • 
in use, that is, the effects of washing, dry-cleaning and the care cycle on 
the environment, and  
  Disposal ecology, which solves problems relating to the disposal of tex-• 
tiles, such as recycling.    

 The mid-1980s saw increased signifi cance being attached to the issue of the 
potentially harmful effects of textile and clothing products. In 1987, in col-
laboration with medical experts, the Austrian Textile Research Institute  Ö TI 
(Institut f ü r  Ö kologie, Technik und Innovation GmbH) developed a testing 
and certifi cation system under the name  Tested to  Ö TN 100 Standard,  in 
order to verify the harmlessness of textiles from the viewpoint of human 
ecology. 

 In order to establish these activities on an international basis, the  Ö TI 
formed the ‘International Oeko-Tex® Association’ in conjunction with 
the Hohenstein Research Institute in Germany, which, since 1991, has 
been carrying out pollution analyses in accordance with the so-called 
‘Hohensteiner Oeko-Check’. Their combined experience was utilised by 
introducing the Oeko-Tex 100 Standard in 1992 (McCarthy and Burdett, 
 1998 ). In 1992, an EU Regulated Eco-label was announced under Council 
Regulation (EEC) No. 880/92 on a Community Award Scheme. This reg-
ulation established an optional eco-label scheme intended to promote 
the design, production, marketing and use of those products that have a 
reduced environmental impact during their entire life cycle, and to pro-
vide consumers with better information on the environmental impacts of 
products. 

 The Oeko-Tex® Standard 100, which was established as a response to the 
needs of the general public, and updated  15   on 1st April  2012 , is a normative 

  14      Human ecology  deals with the idea that clothing and other textile products in close contact 
with human skin should not cause any harm to people through physical contact, respiration 
or digestion. The main objective of human ecology was to determine whether any toxic sub-
stance exist in a textile product, taking into account where it is used, and at what concentra-
tion these substance were found in a product through a series of analyses (Guner and Yucel, 
 2005 ).  

  15     The Oeko-Tex® Association has updated the applicable test criteria and limit values for 
testing textiles for harmful substances according to Oeko-Tex® Standard 100 at their annual 
meeting, with effect as of 1 January 2012. The new requirements will come into force on 
1 April 2013.  
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document. It specifi es both the general and specifi c conditions for granting 
authorisation regarding the marking of textiles with the Oeko-Tex® stan-
dard mark, as shown in  Fig. 8.15 . The standard is applicable for textile and 
leather products, and articles at all levels of production, including textile 
and non-textile accessories (Oeko-Tex 100: 2012 ).    

 Harmful substances, within the context of the Oeko-Tex® Standard 100, 
refers to: substances that may be present in a textile product or accessory 
and, which exceed the maximum amount; substances that evolve during 
normal and prescribed usage and exceed the maximum amount; substances 
which may have a negative effect on people during normal and prescribed 
usage; and, substances, which may, according to current scientifi c knowledge, 
be injurious to human health. 

 The Oeko-Tex® Standard 100 mark,  Confi dence in Textile – Tested for 
harmful substances according to Oeko-Tex® Standard 100,  refers to a mark-
ing that can be applied to a textile product or to an accessory, providing the 
general and special conditions for granting authorisation are fulfi lled and if 
authorisation to use this mark on a product has been granted by an insti-
tute or an authorised certifi cation agency (Oeko-Tex 100: 2012 ). The mark, 
 Confi dence in Textile – Tested for harmful substances according to Oeko-
Tex® Standard 100,  is not a quality label. This mark only relates to the as-
produced state of the textile. It denotes that the marked product fulfi ls the 
conditions specifi ed in this standard, that is, that the product has been tested 
for harmful substances that are prohibited or regulated by the standard 
and for chemicals that are known to be harmful to health along with other 
parameters that are included as a precautionary measure for safeguarding 
health. A product class, in the context of this standard, is a group of differ-
ent articles categorised according to their utilisation, and according to how 
closely they come into contact with the consumers’ skin. The product classes, 
which differ generally in the requirements that the products have to fulfi l, 
are shown in  Table 8.19  (Oeko-Tex 100: 2012 ). The regular re-evaluation of 
the test parameters are based on current market and product developments, 
new toxicological fi ndings and new legal requirements, as added in 2011.    

 The standard sets extremely stringent conditions for baby and tod-
dler textile products; for example, the maximum value of formaldehyde 

 8.15      Oeko-Tex® standard 100 mark.  
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 Table 8.19     The product classes according to Oeko-Tex® Standard 100 

   The product classes  Defi nition 

 Product 

class I 

 Products for babies  Products for babies in the context of this 

standard are all articles, basic material 

and accessories, which are provided 

for the production of articles for babies 

and children up to the age of 36 months 

with the exception of leather clothing. 

 Product 

class II 

 Product with direct 

contact to skin 

 Article with direct contact to skin are 

those, which are worn with a large 

part of their surface in direct contact 

with the skin (e.g. blouses, shirts, 

underwear, mattresses, etc.). 

 Product 

class III 

 Product without 

direct contact to 

skin 

 Article without direct contact to skin are 

those, which are worn with only a little 

part of their surface in direct contact 

with the skin (e.g. stuffi ng, etc.). 

 Product 

class IV 

 Decoration material  Decoration material in the context of this 

standard are all articles including initial 

products and accessories, which are 

used for decoration such as table cloths, 

wall coverings, furnishing fabrics, and 

curtains, upholstery fabrics, and fl oor 

coverings. 

content permissible is <16 ppm,  16   in the current version, the actual safe 
maximum for formaldehyde content being 20 ppm. 75 ppm is the formal-
dehyde limit for products that come in contact with the skin, such as bed 
linen, underwear, shirts, and blouses. Even products that do not come into 
continuous contact with the skin, such as outerwear (women’s and men’s 
suits, coats) and furnishings (table linen, decorative fabrics, curtains, fur-
niture fabrics, and mattresses) are limited to formaldehyde content lower 
than the limit value of 300 ppm. Product specifi c requirements for certi-
fi cation, according to the Oeko-Tex® Standard 100 (Oeko-Tex 100: 2012 ), 
are shown in  Table 8.20 , where they are given as limit values for testing 
textiles for harmful substances in the context of the product classes, which 
have to be fulfi lled by each component.    

 Eco-labelling is increasing worldwide as a differentiating factor in retail 
markets for textile and apparel purchases. For many consumers in target 
markets such as Europe or Japan, evidence that textile products are not 
harmful to health is becoming an increasingly important factor infl uenc-
ing their buying decisions. Over the last fi ve years, a signifi cant worldwide 
increase in the relevance of inspecting for harmful substances has been 

  16     Ppm – abbreviation part(s) per million.  

�� �� �� �� �� ��



 Quality requirements for clothing materials 289

© Woodhead Publishing Limited, 2013

 Table 8.20     The limit value of product specifi c requirements according to Oeko-

Tex® Standard 100 (Oeko-Tex 100: 2012 ) 

 Specifi c requirements  Limit values 

 I 

 Products 

for babies 

 II 

 Product 

with direct 

contact 

to skin 

 III 

 Product 

without 

direct 

contact to 

skin 

 IV 

 Decoration 

material 

 pH a  value  4.0–7.5  4.0–7.5  4.0–9.0  4.0–9.0 

 Formaldehyde (mg kg −1 ) 

 Law 112  n.d. b   75  300  300 

 Extractable heavy metals {mg kg −1 ) 

 Sb (Antimony)  30.0  30.0  30.0   

 As (Arsenic)  0.2  1.0  1.0  1.0 

 Pb (Lead)  0.2  1.0 c   1.0 c   1.0 3  

 Cd (Cadmium)  0.1  0.1  0.1  0.1 

 Cr (Chromium)  1.0  2.0  2.0  2.0 d  

 Co (Cobalt)  1.0  4.0  4.0  4.0 

 Cu (Copper)  25.0 5   50.0 e   50.0 e   50.0 5  

 Ni f  (Nickel)  1.0  4.0  4.0  4.0 

 Hg (Mercury)  0.02  0.02  0.02  0.02 

 Heavy metals in digested sample g  (mg kg −1 ) 

 Pb (Lead)  90.0  90.0 3   90.0 3   90.0 3  

 Cd (Cadmium)  50.0  100.0 3   100.0 3   100.0 3  

 Pesticides h  (mg kg −1 ) 

 Incl. PCP/TeCP i     0.5    1.0    1.0    1.0 

 Chlorinated phenols i  (mg kg −1 ) 

 Pentachlorphenol (PCP)  0.05  0.5  0.5  0.5 

 Tetrachlorphenol TeCP, sum  0.05  0.5  0.5  0.5 

     a   Exceptions for products which must be treated wet during the further processing: 

4.0–10.5 for foams: 4.0–9.0; for leather products in product class IV (coated or 

laminated): 3.5–9.0.  

   b    n.d. corresponds according to ‘Japanese Law 112’ test method with an 

absorbance unit less than 0.05 respectively <16 mg kg −1 .  

   c    Not a requirement for accessories made from glass.  

   d   For leather articles 10.0 mg kg −1 .  

   e   Not a requirement for accessories made from inorganic materials.  

   f   Including the requirement by EC-Directive 94/27/EC.  

   g   Applicable to all non-textile accessories and components as well as for spun 

dyed fi bres and articles containing pigments.  

   h   For natural fi bres only.  

   i     The individual substances are listed in Appendix 5 of Oeko-Tex® Standard 

100: 2012 .    
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detected. These and other important aspects infl uencing the process of pur-
chasing textiles and clothing are shown in  Fig. 8.16  (IFH,  2012 ).    

 The spread and increased recognition of the OEKO-TEX® Standard 100 
has meant that the OEKO-TEX® label has become almost like a brand 
name, and is actively sought after by consumers. The sign  Confi dence in 
Textile – Tested for harmful substances according to Oeko-Tex® Standard 100  
is comprehensively protected as a trademark. On a worldwide basis there 
are applications or registrations about the label as a trademark (Oeko-Tex 
100: 2012 ).  Confi dence in Textiles  is synonymous worldwide with responsi-
ble textile manufacture – from the raw materials to the fi nished product 
on the shelf. The Oeko-Tex certifi cation system has become established as 
a fi xed component in companies’ quality management systems throughout 
the textile manufacturing chain, which is of equal benefi t to manufacturers, 
retailers and consumers alike.  

  8.8     Conclusions 

 This chapter has reviewed current textile material testing, defi nitions and 
methods of measurement, as well as care labelling and eco-labelling. In 
reviewing textile material testing, particular attention has been paid to the 
quality characteristics of textile materials. The quality characteristics of a 
material are directly refl ected in the quality of the fi nished product. It is par-
ticularly important to be aware of poor quality materials, since these result 
in poor product quality products and customer dissatisfaction. The stan-
dards establishing minimum performance criteria for materials reviewed 
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 8.16      Key issues in the purchase of textiles and clothing (IFH,  2012 ).  
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in this chapter, together with the standards governing manufacturing and 
fi nished product quality in  Chapter 4 , provide the foundation for quality 
assurance in clothing production and are the basis for designing effective 
production operations. 

 The key elements for selecting the textile materials that best serve a 
specifi c end-use application, and that best match the performance crite-
ria established by the consumer, are given through the presentation of the 
characteristics of material quality in this chapter; particularly, the physical 
characteristics and tolerance, as well as the performance characteristics and 
minimum quality standards. From an operative point of view, however, it 
is necessary to mention that the presented minimum quality standards for 
several performance characteristics are only recommendations concerning 
any characteristics and faults in those fabrics to be used for clothing, as a 
basis for the adoption of fabric specifi cations. 

 The essential purpose of all these quality standards and recommenda-
tions, whether from the point of view of the textile fabric producer or the 
clothing producer, is to establish and defi ne the required quality level and 
performance characteristics for a textile material, so that it can be used for 
clothing. It is, however, clear that within these quality standards and recom-
mendations there are also various possible and well-defi ned higher criteria, 
such as the fact that higher quality products often require a much higher 
degree of material quality characteristic defi nitions, are easier to maintain 
and have a reduced environmental impact during their entire life cycle. With 
increased awareness throughout the supply chain, it is possible to establish 
material quality characteristics which are more ethical, environmental and 
socially responsible.  
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