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ABSTRACT

The factors which are commonly considered to be of prime importance in
determining the comfort of garments are thermo—physioiogicai comfort, wx_{t
fit and sensorial comfort. The last of these factors is the topic of this
thesis. Although these three factors are separated into distinct‘groups, they
are also dependant on one another. Therefore a knowledge of all of them is

necessary for an assessment of overall clothing comfort.

Sensorial comfort has, been a neglected area of clothing comfort in comparison
to the other caomfort factors. Vhen research has béen carried out it has been on
specific sensations or fibres and no over-view of the range of sensations and
their relative severity has been established. This means that different research
studies in this area cannot be compared because they are so specific. This
research programme has established the foundations for future sensorial comfort
studies by providing this information.

This was done by an extensive wearer trial when a large selection of
commercially available fibres and fabrics were worn next to the skin for a
range of activities. Nine major discomfort sensations were identified. These
were: tight fitting bands, tickle, prickle, scratchiness, local irriation due to
labels, seams and trimmings, fibre shedding, initial cold feel, wet cling and
tacky cling. Four of these sensations: tickle, local irritation, fibre shedding,
and tacky cling had not been investigated before. A glossary of terms was
compiled to describe these sensations and this is proposed as a standard
terminology. This wearer trial also enabled a hierarchy of potential discomfort

to be identified for these nine major discomfort sensationms.

(viii)



These sensations were -further investigated by specific wearer trials to
determine the main physical, physiclogical and psychological factors influencing
their presence and severity. New test procedures were designed and developed to
assess a fabric or garment for the presence of discomfort sensations. Vhen.test

procedures were inappropriate, recommendations were made.

The attitude of the general public to the factors producing discomfort from
their clothing was also determined. A range of 1004 people in the north of
England were asked for their views on all aspects of clathing comfort. Some of
the major findings were that people associate discomfort with the fibre type,
and not the fabric or garment. Fibre absorbency is thought to be very important
for clothing comfort, but wet cling is not thought to be an annoying sensation
in comparison to other skin sensations, and the appearance of the fabric has an

over-riding influence on the acceptance of a garment.

This research has provided the information necessary to describe and, in many

cases predict the presence of sensorial discomfort sensations.

(ix)



CHAPTER 1
I¥TRODUCTION.

The factors commonly considered to be of prime importance in determining
the functional comfort of garments are the thermal insulation and the
dissipation of sweat (known as thermo-physiological comfort), garment fit
and sensorial comfort. The last of these is the topic of this thesis.
Although the factors can be separated into three distinct groups, they are

also dependant upon one another, and therefore this thesis includes certain
aspects of all of them.

Comfart in clothing is a neutral or a pleasant sensation which is
assoclated with haw a fibre, fabric or garment ‘'feels' whilst it is being
worn. Discomfart is experie'nced when a sensation is registered and it is
unpleasant. Sensorial comfort/discomfart is a range of sensations
originating from garments that are worn next to the skin, but some of the
sensations, such as tight fit, apply to the garment assembly as a whole. In
general the'sensations can be classified as tactile; yet in reality a person
Judges the comfort of a garment using a combination of physical,
pbysiological and psychological stimull. .

Yost of the research work that has been carried out on clothing camfart
has been concentrated oa the thermo-physiclogical aspects, which 1s naw
well understood. In comparison very little work has been done on the
individual sensations that are registered by the skin, Where research inta
sensorial comfort has been done, it was generally aimed at a restricted
range of predetermined sensations. This means that some sensations could be
over-lod-hzed and the relative importance and causes of the sensations that
were considered caquld be insufficiently defined. This is more important
than it may first appear owing to the complexity of the causes and inter—
relationships of each sensation,and also the regular occurence of coﬁnteﬁ
stimulil. There is a distincf lack of information on the types of sensations
that are actually experienced whilst wearing everyday garments and their
relative importance to the wearer. There is, for example, no standard or

commonly accepted set of terms ta describe the skin sensations..



This gap in our knowledge means that garment designers caan anly rely om
their own past experiences. Ou the face of it, this would appear to be
satisfactory. However variations in {fibre type, fabric construction and
garment style together with the number of possible combinations is always
increasing. A fashion designer aims to make a product a little different
and more popular than that of a competitor. They are therefore more likely
to choose new combinations of fibre, fabric and/or garment style of which
they are unlikely to have in-wear past experience. Garment desigm, fabric
construction and fibre type each have a large influence on in-wear comfort,
but they are by no means independeat of ome anather. One of the most.
famods mistakes that originated from lack of knowledge of the in-wear
properties of a fabric.is the nylon shirt of the 196Q's and 70's. It gained
the reputation of being uncomfortable because of wet cling. The reaction to
this unpleasant sensation escalated into a wide~spread prejudice against
nylon and, the avoidance of fabrics that looked like the nylon jersey. This
was an expensive mistake and an awkward one to rectify. Only now is nylon
becoming more acceptable and with care in the choice of fabric comstruction

it is now belng successfully used for sportswear.

A series of three year projects were based in a number of research centres
in Europe with the ambitious goal of using the findings to predict clothing
comfort. Each project evaluated a specific aspect of clothing comfort; the
findings of which were to be used in a multi-~dimensional diagram ta predict
the comfort of a tatal garment assembly for different end-uses and in
different environments. Tbis would incorporate predictive models and/or
equations for the varicus factors that were considered to be of mast
importance in the functional comfort of garments. The development af cheap,
easy to_use test equipment was to be pfoduced where conventional methods
were unsatisfactary. The results from these tests would be a source far the
data needed to describe the comfort of a fabric for use in the diagram.
This would eliminate the need for costly and time-consuming wearer trials
and produce a more reliable, accurate result. These research projects were
jointly funded by the Eurcpean Econamic Community (E.E.C.) as part af the

second Textile Research Programme and this project was also funded by the
UK Department of Trade and Industry.



11 Alms

The aims of this research project can be split into four main areas:

L

2)

3

4)

Identify <the major discomfort sensations that are registered when

wearing apparel next to the skin, and decide on a glossary of terms to

describe them.

Identify and evaluate the factors that cause or influence the severity

of the sensatlon.

Develop new abjective test procedures or utilise existing test methads
to assess a garment or fabric for its potential to cause discomfort
The severity of a discomfort semsation should also be indicated, but

where test methads cannot be used recommendations and guidelines

should be made.

Application of the test results obtained to a nulti-dimensional

diagram, to predict the overall comfort of a garment assembly.



Comfort 1s an arbitary condition that is dependant on ﬁany factors.
Knowledge of the principles of physiolegy, psycholegy, ‘textile technology,
dermatology and physics ‘can give a basic understanding to the underlying
factars gaverning comfort. However the attitude of the wearer, referred to
here- as psychology can bave a large influence on the 'perception of a
sensation and in many cases the physiclogical effect will dominafe. For
instance, if a person likes a garment and feels contented, they will be mare
tolerant if discomfort sensations are produced by the gament they are
. wearing (Stollery, 1984).

This literature review discusses the work carried oyt cn the many different
facets of comfort to create an overall picture of the state of current
knowledge. An assessment of the work that has been carried out in the area
af ‘tactile comfort and related subjects, such as handle, thermo-
physiclogical comfart <(heat and moisture tramsport) and garment fit,
Although some of these studies are not directly used in this research

project, they all influence the overall comfort and hence the sensorial

comfort of the wearer.

The sensations that are experienced when wearing a fabric next to the skin
are dependant on the type of receptor that can receive a sensation. The
skin is the main receptor and this is covered with hairs which alsa play a
large part in the perception of discamfort. '

2.1 The Skin as _a Receptar.

A pumber of studies have been carried out in the medical field to determine
the physiclogical factors that influence and produce skin sensations. The
results of these studles have been reviewed by Igga, Sinclair, Starling and

Lovatt Evans and Voodson and Conver. It is known that the nerve supply ta



the skin 1{s controlled by the central nervous system (the brain and the
spinal cord). This enables the skin to act as a sensory organ and it can
also protect the body by reflex actioms.

It is widely accepted that over a range of severitty for a skin sensationm,
'the sensation is a conclous mental registration of change' (Jarrett, 1964),
From this it can be concluded that a stimiluyscould be applied to the skin
slowly enough so that the change waould not be registered.

The skin can register four primary sensations: pain, touch, heat and cold,
and there are sensitive spots in the skin to detect these sensationms.
Although these spots are not fully understood, the density of them is knawn
to vary depending on the location on the body (Starling and Lovatt Evans,
1968‘). For ianstance, the wvolar surfaice of the finger bas a high
concentration of touch and warmth spots whereas the forearm, breast, thigh
and dorsal surface of the hand have a high caoncentration of pain spc‘ts. The
other sensations that can be perceived are interpreted by these four types
of receptor. For example, itch is associated with the pain recéptor. and

pressure is associated with the touch receptor.

Experiments to investigate the sensitivity of the skin to these four
primary sensations bhave mainly involved the determination of pain
threshalds (Vinslaw and Herrington, 1949), Leithead and Lind, 1964).
Nevertheless, it is known, although less widely documented, that each persan
has their own discomfort threshold that is related to their pain threshold.
The threshold varies with age and psychological awareness (Stollery, 1984,
Vinslow and Herrington, 1949). Therefore when a fabric is being assessed
for comfort, it should be assessed more than once to reducé the chance of

the fabric being accepted or rejected unreasonably due to the attitude of a

wearer on One occassion.

Body bhairs are anather major receptor ar protector against discomfort
sensations produced by fabrics. They can act as receptors and as spacers
between the 'skin and a fabric. They exaggerate the intensity of a stimulus
because they act like a lever, the fulcrum being located within a plexus of
nerve endings which respond to a short or a sustained stimulus.



The two main ways in which fabric discomfort can be registered when a
garment 1s worn next to the skin are by the skin and the body hairs. To
accurately describe the sensations that are experienced it (s necessary to

use a precise glossary of terms.

One of the initial tasks in this project was to establish whether a common
terminciogy had been adopted for the description of tactile comfort
sensations. It was clear from the literature review that nao such glossary
of terms was available for comfort, and although one existed for handle
(American Standard), it was pot widely used. Therefare they_research wark
that had been carried out on the comfort of clothing and the handle of
fabrics by different researchers tended to bte difficult to compare.
Fevertheless, the different methods used ta determine the subjective
properties of a fabric or garment proved to be of interest and guidance

during the design of a glossary of terms and the wearer trials faor this
research project.

22 Terminology and Yearer Trial Design,

Comfort in relation to clothing is described as "the freedom from pain,
well-being” (Oxford English Dictionary). This indicates that the sensation
is either neutral ar pleasant. Therefore when conducting a wearer trial the
choice of terms to describe discamfort, neutrality and preference are to be
considered.

2.2.1 Comfort Assessments.

In most of the research investigations into the physiological comfort of
clothing, comfart 1is achieved when a wearer is pleasantly cancigqus or
unaware of the presence af their clothing. During a wearer trial the comfort
sensations that are experienced are likely to cover a range of saverities,
for instance, from pleasantly comfortable to neutral to uncomfortable and
finally painful (depending on the sensation and fabric). Due to the .
subjective pature of such investigations, the relative importance of the
severity of the discomfort is difficult to define, but a necessary quantity.



Many wearer trials have been carried out to determine the performance of a
fabric in wear and its handle properties. One of the most experienced
researchers in the field of clothing comfort is Hollies. He has conducted
many research projects in the area of thermo-physiological comfort, and his
methods for assessing the fabrics in wearer trials were of value in the

design of the wearer trials for this research project.

In 1971 Hollies used a subjective scaling approach to determine the comfort
of fabrics in contact with the skin. His comfort assessments were based on
what he referred to as 'terms commonly used by men and women ta describe
comfort'. It 1is interesting to note that all of his terms describe

unpleasant sensations.

He_designéd a subjective camfort rating chart. This enabled the wearer to
allocate a score of between 1 and 5 (depending on the comfort of the
sensation) at specified time intervals. The comfort rating chart is shown
in table 2.1 belaw.

Table 2.1 Holliles subiective comfort rating chart,

Comfort Minutes in environmental chamber
| Degceription Q 19 30 45 80 79
Stiff

Staticky
Sticky

| Non absorbent
Cold

L Clamny

| Damp
Clingy
Picky
Rough .
Scratchy

Confort Intensity Scale

1——-2-—-3-—-4--5
Totally Completely
comfartable uncomfortable



This chart highlights the value and need for an intensity scale. The use of
pre-determined words.to describe sensations was also considered of value,
Yoth in terms of consistency in the results and as guidance. However, some
of the terms used in the tablé appear to have the same meaning (for
example, rough and scratchy, sticky and clingy), and for clarity when
interpreting the results a short description of the sensation may have been

of value. This is the most common basis for subjective comfort assessment.

Other approaches have been iried to quantify the overall comfort of a
fabric, for ipstance Olsen and Broome (1877) measured the dilation and
contraction of the pupil of the eye. They showed that pupil dilations were
greatest for the most comfortable subjectively rated‘fabric. This method of
assessment has only been investigated by these researchers, and although
the results seem encouraging, the test can only give results on the overall
preference for fabrics, rather than specific sensations, and therefore it is
of limited value.

In comparison to clothing comfort, the fabric bandle has been well
researched and attempts to evaluate it in an. organised and quantitative
manner were recorded as early as 1926. Many of the methods of assessment
can be directly related to the assessment of the comfort of clothing and
the most relevant of them are outlined below.

2.2.2 Handle Assessnenis,

Vhen 2 garment/fabric is being assessed by a potential purchaser, the feel
of the fabric in their hands has a major influence on the acceptance or
rejection of the product. The fingers are very sensitive due to their high
concentration of nerve endings and therefore they are able to detect small
differences between fabrics which the general body surface can not detect.
The fingers are also capable of detecting a wider range of sensations than
the general body surface due to the high concentration .0of nerve endings and
the mechanical action of handling a fabric. The Americans have standardised
a selection of bhandle terms (ASTH, 1961) to describe this range of
sensations. Xany of the terme relate to fabric aesthetics, and overall they
are said to describe both the handle and the texture of the fabric. However,



at this time no standard glossary of terms exists to describe the
sensations experienced by the general body surface. Therefore the handle
terms are useful as a guide to the range of sensations that could be
experiénced when wearing a fabric,' but a number of researchers have noted
that the relationship between handle and in-wear comfort is not a simple
one (Hollies, Yoon et ald.

Handle has mainly been researched by two methods: by subjective assessment
alone or the relationship between this and the mechm;ical properties of the
fabric. Many different approaches bave been tried within these methods to
characterize the bandle, and some of the most notable are mentioned below.

1)  The Subiective Assessment of Handle,

The subjective assessment o0f handle can be of value both in ‘ternms of
determining the relative importance and severity of a sepsation, and this
information can be used to relate the fabric properties <to physical
parameters. Some of the most common and a few novel ways of assessing a
fabric(s) are briefly described belaw,

1) Matsuo (1971, 1972) introduced the concept of “differential limen". This
is an expression of an observer's limit of discrimination for changes
iz a particular fabric wmechanical property. An observer is
characterized by a series of 'd.ifferential limen' for a rapge of fabric
properties.

2) A range of fabrics can be ranked for specific handle properties in
| small groups or as pairs. Alternatively the specific bandle properties
are described by a set of polar words. For example, hard versus soft
(Brand, 1964, 1967)., Howarth and Oliver (1958, 1964) used factor
analysis (devised by Thurlastone (1947)) +to didentify the specific
handle properties deemed desirable in a range of suiting, lingerie and
d}ass fabrics. All the descriptive terms used were noted, and the

frequency with which each occured was calculated. This frequency ‘was
used to describe the fabric properties.
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3) Bogaty et al (1956) used 2 seven point scale to evaluate senmsary
barshness by polar adjectives and Vinakor et al (1980) used a 99 point

-scale. This had the advantage of providing a large amount of
information for statistical ranking.

The ranking of fabrics in pairs or small groups would help the assessor to
make a more realistic judgement as to the properties of a fabric, than if
the fabric was considered on its own. The use of scales was found to cause
variability between judges. Both Bogaty et al and Howarth and Oliver stated
their concern about the inconsistent use of scales between judges and along
the scale. It was obvious from the research work in this area that altbough
the results of the handle assessments were conclusive from each of the
studies, the method of assessment was suited to the particular aims of the

study, and therefore the work could not be directly compared.

¥any researchers have sought to relate objective measurement to subjective

assessment of the handle of a2 fabric. This has been comprehensively

reviewed by Ellis and Garmswarthy (1980).

Kawabata is one of the most successful and best known of these researchers.
During the past 15 years he and fellow workers have assessed the main
-properties that are detected and prefered for a selection of end-uses when
a fabric is bandled. Vith this informationm, test equipment was developed to
describe a nuzﬁber of physical properties that describe the handle of a
fabric.NThere are six major fabric features tbat are tested: the tensile and
shear forces, the bending bhysteresis, resistance to compression, the
coefficient of friction and the surface profile of the fabric surface.
Eawabata bas developed his handle evaluation system further with the
inclusion of an instrument to measure the initial cold feel of a fabric.
This equipment was. developed by Kawabata and Akagi (1977) and Yoneda
(1981). Similar equipment has also been produced by I.C.I. Fibres Ltd. in
the UK, but it has not been reported in the literature.
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Various properties can be determined from the test methods and by using a
series of equations (to weight the importance of these properties), a
primary or a total hand value can be quoted depending on the end-use of the
woven  fabric. The primary band value (PEV) refers to a specific handle
property, for instance smoothmess or crisprness, and it ranges from 0 (low)
to 10 (high). The total band value (THV) is used to describe the overall
handle of the fabric, and it ranges from 0 (poor) to § (excellent).

The PHV and THV are of limited value, and in the latter case somewhat
suspect. It can be envisaged that the importance of an extreme value for a
particular property could be disguised in the equations and 2 seemingly
average result produced. The THV is considered to be of suspect value
because it is too simplistic to describe such a complex sensation/ series
of sensations by one numerical value between 0 and 5. It is more than
likely that ¢two different fabrics could have the same THV but very
different bandle acceptability. Nevertheless, the concept of determining the
sensations that can be experienced, and subsequentially developing test
procedures to characterize them, enabled Kawabata to objectively define the
sensations. The equations used to determine the total band value weight the
importance of each primary hand sensation for a specific end~use. For
instance, the crispness of the fabric is of great importance for summer
suiting and of less importance for winter suiting (for the Japanese). This
information on its own is of greater interest than an accumulation of the
results when a fabric is being developed for a particular market. Therefore
the Kawabata Handle Evaluation System has its greatest value as a means of
describing the individual physical properties of a fabric, rather than the
production of a2 single value to describe the overall handle.

At present no such evaluation system exists to determine the comfort of a
fabric in wear. However, there is equipment available to aséess specific
properties relating to wet cling sensation. To determine more about the
general comfort of a wearer, the results and inferemces of previous wearer
trials that bhave been carried out to determine the factors governing
specific discomfort sensations (prickle, wet cling and so on) were reviewed.

The findings were assessed in conpection with tactile comfort.
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2.2 Research on Clothing Comfort,

Until recently the Dniy factor thought to be of major importance in the
~comfort of clothing was its thermo-physiclogical features, and many
researchers have explored the factaors governing it. Other sensations were
known to exist, but they were of little interest in comparison to the
maintainance of the thermal balance and moisture regulation of the wearer.
The presence of other comfort sensations was considered by a few
researchers, but the studies were usually very specific (for example, for
wool only) or related to thermo-physiclogical comfort with a limited range
of fibre and fabric types. The research work on all aspects of clothing
comfort is discussed and combined to create an overall view of the state of

current knowledge on tactile comfort.
2.3.1 Thermo-physiological Comfort,

The transfer of heat and moisture through a garment or a fabric has been
well researched and much is known about this subject. The thermo-
physiological comfort of fabrics and garment assemblies has been related to
objective measurements which can be made by ;xlany different techniques.
These techniques can range from the sophisticated heated, moving manikin, a
sweating bhot plate, a dry hot plate to a water vapour transmission test
(see below). In many cases the data from these test methods can be fed into
comfor.t. equations (outlined in Newburgh, 1968, Spencer-Smith,' 1976, Anon,
1980) to predict comfort when the fabric is being wora. Although many
researchers have ipvestigated the factors influencing this aspect of
comfort, one main concept is adopted by a2ll of them: tbe body needs to
maintaix'\;its temperature within a nparrow limit, A fabric or garment should
therefore be able to aid in the maintainance of this balance. This can be

achieved by either retaining heat or releasing heat and/or water vapour to
the ambient environment.
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One of the most experienced researchers, Hollles has worked on the thermo~
physiclogical comfort of clothing since 1950. In 1971 he reported that the

comfort of a fabric was dependant on its water content. This in turn was

related to the amount of sweating and the relative humidity of the
atmosphere. In later experiments Hollies and Hall (1973) and Scheurell et al
(1985) impregixated shirts with colbaltous chloride to determine the water
content and comfort of the wearer by the colour changes of the fabric. The
fabric passed through ten colour changes, from blue to pink as up to 30 per
cent of water was added to the fabric. The fabric was tested on a sweating
hot plate apnd it was assessed during wear. Although Farnham (1986)
contested the assumption that the colbaltous chloride was an accurate
measure of water content in such investigations, it was concluded that the
comfort acceptance of a fabric worn next to the skin was in some way

related to the ability of the fabric to remove the sweat from the
skin:fabric interface.

Opne .of the wmost advanced methods of assessment for the thermo-
. physiological comfort of a fabric or garment assembly has been developed
by the Hohenstein Institute in Germany (reported by Mecheels and Umbach).
They bave developed a series of physical test methods (heated manikin and
a sweating ‘hot plate) to predict the discomfort of different {fabric
assemblies at various activity levels., Once the fabric or garment bas been
tested, the data can be entered into a mnulti-dimensional comfort cbhart,

where the optimum activity 1level and ambient conditions for thermo-
physiological comfort are determined.

Vet cling was considered 1o be a major discomfort sensation and it was
found to be reduced by a hairy fabric surface and a high rate of water
absorption. They characterized a hairy fabric surface by the number of
protfﬁding fibre ends and the length of the hairs from the centre of the
fabric. They found good correlation between low fabric hairiness and wet
cling discomfort. The wettability of a fabric was determined by timing the

disappearance of a drop of water on the fabric surface. It was found that
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the time for the drop to be absorbed correlated with <the subjective
sensation of clamminesg (r = 0.8),

Hollies et al (1979) assessed 6lothing comfort by buman perception
analysis. They compared the comfort of apparel garments during normal wear

under different micro-climates and activity levels. The aim of their work
was to determine the conditions that produce a difference in a sensation
and the descriptors used by the individuals to describe the sensations
experienced. They found good agreement between their results for different
fabrics, even with a small wear panel. For instance, strong sensations were
. noted when mild or heavy sweating occured and during modest changes when

the body was warming or cooling following the onset of sweating.

The results of this trial and earlier studies by Hollies (1965,1957)
indicate that when there is no perspiratibn present, the differences between
garments are quite small. They specified exceptions to the rule as apparel
fabrics that are so slick and smooth that they feel cold and clamnmy all the
time, or perhaps very rough and scratchy fabrics that give these sensations
independent of the climate or the activity level. They concluded that the
differences in the ability of clothing to accr.:amodate any changes in the
_moisture level at the skin:fabric interface and the amount of skin:fabric

contact are the major features of apparel that give rise to discomfort
sensations. :

Mehrtens and McAlister conducted environmental chamber trials to determine
the fibre properties responsible for garment comfort. The subjects wore
knitted sports tee-shirts of acrylic, nylon, viscose rayon and cotton next
to their skin in an environment of 32°C and 80 per cent relative humidity.
They found that the scratchiness of the fabric was the major factor

determining comfort under these conditioms.

Their wearer +rials also identified the clinginess of a fabric as
contributing signiﬁc#ntly to the discomfort of the wearer. In spite of the
low magnitude of this sensation, there was fair correlation between the
subjective clinginess and the force required to remove a fabric from a wet

surface (measured as a function of the water content of the fabric)’. The
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fabric was placed against a porous, water soaked surface of pressed
asbestos, and then it was pulled nearly parallel to the surface by the
Instron Tensile Tester. The maximum tensiom, which occured when the fabric
began ‘to slide, was plotted against the water content of the fabric. The
range in clinging tension with water content far the series of fibres
tested was greatest at approximately 150 per cent water (of the dry weight
of the fabric). The sensation of clinginess was also found to be a function
of the flexural rigidity of the fabric. The lower the. flexural rigidity, the
greater the clinginess. Overall, they attributed increased clinginess to a
reduction in the ability of the fibres in the fabric to break up the water
film causing adhesion between the fabric and the skin,

One of their most notable findings was tbat wickability had no detectable
influence on the comfort of a wearer under the conditions of test. Wicking
bas and still is a popular marketing feature of a textile product in terms
comfort. More recently there have been doubts as to its significance. One of
the main arguments against the importance of wicking to the comfort of a
fabric is that it is a measure of a fabrics ability to tramnsport water
along its length. For the wicking properties to be representative of an in-
wear situation, a2 measure of the ability of the fabric to transport the
water through the fabric, away from the skin would be more valuable, but as
yet this can not be measured. Overall, they found that wet cling increased

as the fibre flexural rigidity decreased and fabric wickability bad no
detectable effect on comfort.

Fuzek (1981) conducted wearer trials to determine the comfort of absorbent
and non-absorbent fibre types. He found that a fibre blend was the most
confortable (50% polyester/50% cotton), with soft fabrics being the most
favoured. Fibre modulus and the linear density of the fibre and the yarn
inversely correlated with the comfort of the knitted fabrics he assessed (r
= 0.81) and the fabric stiffness and the flexural rigidity measurements did
pot show a correlation (¢ = -0.07). He determined the effect of several:
moisture related parameters on the subjective comfort. Among these were
moisture regain, wettability, water retention and absorption, wicking rate

and water vapour transfer. Of these, he found that none showed highly
definitive correlations with the subjective comfort ratings.
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2)  Hydrophilic and Hydrophobic Fibre Comfart.

4 conparison of the relative comfort properties of hydrophobic and
bydrophilic fibres has been a major issue for researchers in the field.
Some of the researchers (Fuzek (1681) and Vokac, K¢pke and Keul (1976)
Chapman (1980), lLord (1969)) found that the hygroscopic properties of a
fibre had little effect on the comfort of the wearer. Paek (1984) reported
that the bygroscopic properties did have an influence on the comfort of the
wearer, but 1t was most evident under tbhe conditions of moderate
environmental stress. However, Suzuki (1983/1 and 1983/2) and Suzuki and
Ohira (1982) concluded that the absorption properties of a fibre have a
great influence on the comfort of the wearer. They found that an absorbent
fibre was more comfortable than a non-absorbent fibre, and that the use of
double-sided fabrics withvcotton on the inside and polyester on the cutside
surface could be used to reduce discomfort. They also found that variations
in the fibre type reduced the feeling of wetness, for instance, polyester,

cotton and wool had a decreasing feeling of wetness for a certain water

content.

Although much has been reported on the benefits of absorbent or non-
absorbent fibres on the comfort of the wearer, the author considers that
the relative importance of the discomiort produced by sweating itself is
somewhat over-valued by researchers #nd consumers. 1f the discomfort due to
the hygroscopic properties of the fibre was as important as it is often
ﬁaytrayed by the marketing slogans, it would be unlikely that the range in
findings on the comfort of the fibres would be so confused and
contradictory - by both independent researchers and thoée affiliated to a
particular company. The perception of other discomfort sensations (besides
moisture related properties like wet cling) has been reported to increase in
the presence of sweat. This has been demonstrated by a few researchers

such as Umbach and Mecheels, Hollies and indirectly by Mehrtens and
McAlister. Lo
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The comfort trials conducted by Mebrtens and McAlister and Fuzek led them
to conclude that the thermo-physiological discomfort sensations were of
minor importance in comparison to other skin sensations. Mehrtens and
XcAlister proposed a comfort equation that included the four major factors
that they consider influence the sensation of comfort: scratchiness (which

was the greatest form of fabric discomfort), warmness, heaviness and

clinginess of the fabric. -

Fuzek (1981) concluded that the fit of a garment had an over-riding
influence on the subjective comfort. Fext in importance was the fibre and
garment style the wearer was used to wearing and thirdly the aesthetic
factors such as bhandle, softness, smoothness and fabric surface. Of much

less importance were the moisture related properties and finally the
thermal trans mission factor,

These studies highlight the importance of a number of sensations to the
overall comfort of a wearer. However the work was still heavily orientated
towards the performance of a fabric]ﬁbre in relation to its thermo-
physiological properties and the range of fabrics tested was very small.
Some research has been directed towards understanding specific discomfort
sepsations related to certain fibre types or well known discomfort
sensations - in particular, prickle discomfort produced by wool fibres,
fabric scratchiness and garment fit.

2.3.2 Irickle.

Varicus studies have been carried out on the assessment of the comfort
properties of wool and the factors producing the discomfort associated with
the fidre. Hoschke (1982, 1983) investigated the adverse effects of wearing
wool next to the skin. He carried out wearer trials in which the subjects
wore both woven and knitted wool fabric samples as an arm-band, a vest and

a shirt/blouse. The comments on the prickliness and skin reddening were
recorded throughout the trial,
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It was found tbat the feeling of prickliness in some wool fabrics was
associated with the presence of coarser fibres, in particular those fibres
with a diameter of éreater than 40 um. A fabric made from 23 um wool
fibres containing 7 per cent of 40 um fibres was generally found to be
prickly to wear, and it frequently caused skin reddening. Vhereas, a fabric
containing wmainly 19 um wool fibres was considered comfortable. Hoscbke
also noted tbhat knitted fabrics were judged as being more comfortable than
woven fabrics, and this was attributed to the high stiffness of the woven

material and a large contact area with the skin. -~

The fabrics were assessed on the Kawabata Handle Evaluation System and the
results did pot show any relationship between the fabric properties
measured and the prickliness sensations of the wearers. Work is continuing
to examine the influence of fabric finishing on prickliness. The results so
far have indicated that the chlorine-Hercosett treatment (to produce a
superwash wool by removing the fibre surface scales) does not reduce
prickliness, again endorsing their conclusions that the large fibre diameter

is the major factor producing discomfort from wool.
233 Scratchiness.

The scratchiness of a fabric bas been found to be a major discomfort
sensation ‘(Kehrtens and McAlister, Umbach and Mecheels) and it has been
related to the presence of fabric surface hairs or the flexural rigidity and
coefficient of friction of the fabric. Umbach and Mecheels of the Hohenstein
Institute found that the upstanding bairs and fibre ends can be scratchy
against the skin. Their index of hairiness was found to correlate withk the
sensations of smoothness, scratchiness and roughness, and when the hairs
were lo-ng or there were many short hairs, this alsoc produced a scratchy

sensation. From this they concluded that the hairiness of a fabric needs to
be optimized for overall comfort.

Mehrtens and McAlister developed a test method in which a microphone was
passed over the fabric at approximately 7 m/min (arbitary speed) and the

signal produced was found to correlate with the subjective scratchy
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sepnsatiop. They concluded that the scratchiness of a fabric was influenced
by the flexural rigidity of the fidbres and the friction of the fabric.

A series of experiments were carried out by LaMotte (1939) and Katz (1925)
to determine the influence of vertical or lateral pressure on the perception
of fabric properties on the skin. Thelr studies indicated that the
perception of fabric weave and roughness is likely to depend on the
following factors: .

— The amount 0f skin displacement upon contact with the fabric.

- The density of the weave pattern.

The rate of lateral movement between the skin and the fabric.

t

The diameter of the yarn in relation to the space between the yarms.

This was investigated more fully by Swallow and Vebdb (1972) who undertook
a series of experiments to evaluate the frictional properties of fabrics on
numar skin. The influence of fabric wetness, skin bairiness, operator
differences, load and fabric weave relative to the direction of the pull
were investigated. The equipment measured the frictional force needed to
pull a fabric (mounted on a block of known weight) across the dorsal
surface of the lower arm. For the fabrics they tested, weave direction was
not demonstrated as being of any significance, but the wetness of the
fabric did bave an effect. The mean frictional force was 0.81 when the
fabric was dry, and 0.41 when the fabric was wet. The coefficient of
friction »increased as the fabric became wetter and then there was a gradual
reduction aé the fabric became saturated. The higher friction of the wet
fabric was more marked at lower loads and on a smooth skin rather than a

bairy skin.

They found that the adhesion at zero locading was negligible for dry
fabrics, but it was substantial for wet fabrics. The coefficient of friction
corrected f_or adh%ion at zero load was also greater for wet fabrics than
for dry. The 'f;‘;ction on smooth skin was higher in 2ll. conditions than a
hairy skin and it increased with increasing the load. The scratchinmess of a

fabric in wear is therefore more noticable when the skin is damp due to the

higher ccieff‘icient of friction which could lead to greater skin damage.
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Comaish (1973) conducted a similar trial <to determine the factors
influencing blister formation. He concluded that the damage to the gkin was
best avoided by reducing friction between the skin and the rubbing surface.
This was best achieved by lubrication with copilous amounts of liquid or the
inhibition of sweat. Both of these methods are impractical for everyday
wear. Nevertheless, the work emphasises the importance of friction on the
confort of the skin.

From these studies the scratchinpess discomfort of a‘fa_Lbric can be seen to
be related to the rigidity of the fabric and the coefficient of friction
between the skin and the fabric. Therefore tbe presence of sweat has an

influence on the scratchiness and possibly skin damage when the frictiecn is

increased.
2.3.4 Garment Fit,

It is well known tbat a tight fitting garment can be uncomfortable, painful
and restricting to wear. The optimum pressure that can be exerted on the
body by the garment has been investigated byanumber of researchers. Denton
(1971) carried out a series of arm-band studies to determine the pressure
associated with red-restriction marks on the skin. He deduced that at
pressures above approximately 70g/cm?- the persisteﬁce time for the marks

increased rapidly after half an hour, and the arm-bands simultaneously
became uncomfortable.

Kirk and Ibrahim (1966), Fentem and Goddard (1978) and Lemmens <(1974)

studied the comfort pressures exerted by stretch garments. Kirk and Ibrahim

categorised stretch garments into three main types:

1) Comfort stretch garments. These are not pecessarily close fitting and
many garments will have this type of stretch.

2) -Stretch to fit garments. These are designed to fit closely to the body
contours without exerting pressure to shape the figure.

3) Power-stretch garments. These are designed to exert pressure to re-
shape the figure. '



They considered that for comfort, the fabric stretch should be at a level
to provide ‘dynamic comfort' (when the body is moving), taking into account
the fabric stretch, garment slip and garment fit. They also assessed the
pércen‘cage strain of different areas of the body (for example the knees,
elbow, buttocks) relative to the standing position. From this work they
recommended ranges of percentage available stretch for garments with a
specific end-use and comfort requirement. This ranged form 20 per cent for
a2 man's suiting to 50 per cent for slacks where comfort is paramount.
Therefore stretch allowances should be made to accomodate for the strain at

different body locations +to maintain wearer comfort during various
activities.

The most comprehensive investigation into the c;ptimum it of a garment was
carried out by Jobansson (1984) and Cednas (1©8%5). Initially anthropometric
measurements were taken on a large cross-section of the Swedish population
and the average body sizes have been established for the different
categories of the population. Using this anthropometric information they
developed a set of apparatus to test various garments for the maximum and
mini:mum body circumference that would be comfortable wearing them. The
comfortable pressure of 0.25 N/cn® was selected (estimated value for
comfort) for the chest and girth temsion, and 1 ¥ and 15 K were considered
to be the maximum tension for the arm-bole and neck hole (to allow for the
head) respectively.

The body can withstand different pressures comfortably at different
locations. For instance, the buttocks can withstand a bigher pressure than
the shins (Scridano et al, 1970). As yet, there is no indication of the
discomfort threshold for the common local fitting areas of garments (such

as waistbands, sock tops, etc.) which would epable a more accurate sizing of
garments for particular activities and body sizes.
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2.4 Consumer Preference,

The use of wearer trials can demonstrate the potential performance of
fabrics and fibres in somewhat artificial situations. The attitude of the
general public to the comfort properties of various fibres and fabrics may
be less well informed from on the spot questioning tban in wearer trials,
but it highlights the factors that are of importance to the consumer. Very
few studies of this type have been carried out, the most notable is the
survey by Paek (1983).

One hundred female American textile students participated in a survey to
determine the consumer preference for fabrics to be worn next to the skin.
The survey included questions regarding the fibres and fabrics that the
interviewge prefered to wear against their skin as underwear, sleepwear and
blouses. From the completed replies, 56 were randomly selected for finpal
analysis. The results showed that knitted fabrics were prefered for
undervwear, and the type of {fibre made little difference to conmfort
preference. Voven cellulosics were prefered for blouse fabrics, followed by
blends, then silk and polyester, and cellulosic Knitted fabrics were least
liked for blouses. The main comfort attributes ‘required for a blouse were
thermo—physiological, but smoothness was also highly desirable. The most

prefered fibre type for sleepwear were cellulosics, both woven and knitted.

The interviewees were alsc asked to rank the three most important comfort
attributes (out of a selectiorn of eight) for a blouse fabric. Absorbency,
smoothness and thermal atiributes were selected as the major comfort
factors with 26.5, 23.5 and 22 per cent of the votes respectively. Thinness,
compactness and bulkiness were less important with 5.5, 5 and 2 per cent of

the votes respectively, and no omne regarded roughness as a comfort
attribdute.

As concluded by Paek at the time of this study, most of the preferences for

fibre type indicated that the interviewees liked the ones that were readily
available for the particular end-uses indentified.



28 Conclusions.

The literature review revealed a large range of research studies that have
been conducted on the various aspects of comfort. Most of the research has
been done in isoclated areas of interest and the conclusions from the
different studies are muddled. This review emphasised the importance of
assessing the comfort of a garment as a whole because of the many factors
that can influence any one sensation. The specific discomfort sepsations
can only be usefully investigated once the overall comfort of the garment,

and any possible factors influencing the sensation, have been established.

The presence of sweat on the comfort of the wearer was found to bheighten
their awareness of other skin sensations which are directly related to its
presence, such as scratchiness. By itself, the discomfort produced by the
presence of sweat was of conflicting importance depending on the fibre type
being investigated and the researck workers. Therefore despite all the
effort that bas been concentrated in this area of study, there are still

many questions to be answered.

ldeally, to obtain knowledge on the major discomfort sensations that can be
experienced from next to the skin apparel, a more extensive study needs to
be conducted to include all aspects of clothing comfort. A full range of
commercially available apparel .fabrics need to be assessed during a range
of activities. This will enable the spectrum of discomfort sensations which
are experienced to be determined and assessed. From this type of study a
hierarchy of the potential discomfort that these fabrics could produce
under different conditions would ther be more meaningful to everyday life.
‘It would hopefully provide the fcundations for more specific future studies.
>‘1‘his research project aims to do this, with the ultimate aim for the future

of producing 2 multi-dimensional comfort diagram to describe clothing
confort.
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The terminology used ta describe the type and iatensity of a tactile
sensation has been surveyed in two main ways; first a review of pﬁblished

literature and second, extensive wearer trials using a revised list of words
in questionnnaires.

The literature survey revealed a large quantity of descriptive terms

available to describe the handle of a fabric, but an overview of the type of

. sensations that might be felt whilst wearing a fabric does not exist.

To obtain. the maximum amount of isformation and- the most accurate

i .:”'description of- subjective sensations from the wearer trials, an easily

understood but precise glossary of terms is required. This enables both

documented and undocumented sensations to Dbe recorded' and studied
accurately.

Initially 2 large selection of words taken from a list of handle terms were
presented for analysis to thirty men and women on the Shifley Institute
staff. It should be noted that many of the staff were non-technical workers
and from all levels within the company. They were asked to select the wards
éhey would prefer to use in describing the types of discomfort they have
felt from garments. They alsa very briefly defined each word they bhad
selected. It was evident that the sensations felt during wearing a garment
were‘co;xsiderably fewer than those observed when handling a fabric. There
was a definite preference for certain words, although there was some
confusion as to their definitions. Many different words bad equivalent
definitions, presumably as a result of dialect and habit. A shorter revised
iist of ter-x.ns was -issued to the same staff for a second time. Each term
was. associated with a simile, for example, prickle (pin prick), scratchy

(sandpaperish) and so on. Everyone agreed that the clarity and the scope of
the list of terms was good.
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This shortened list of terms was used, where appropiate, in the wearer

trial questionnaires. As a knowledge of the types of discomfort sensation

experienced from next to the skin apparel increased during the wearer
trials, a few additional words were added to the list.

3.1 Definiton and List of Terms,

The definition of the main terms used in the wearer trials are listed below.

Vet cling
Tacky cling

Clamminess

Scratchiness

Prickle

Tickle

Local fit

Local )

irritation

Fibre
shedding

Vhen a garment adheres to the skin because either the
skin or the fabric is wet.

Vhen a garment adheres to the skin because the skin

is sticky from sweat residues .
The skin feels cold and damp simultaneously.

An abrasive sensation, as if the skin is being rubbed

with a piece of sandpaper.
A sensation of being pricked with a sharp point.

This is associated with a fabric passing over the skin

under a light load. The sensation can be directly

related to when a feather is passed over the skin.

Areas of a garment where the fit is more exaggerated,

for example at waist-bands, sock tops, arm-hole seams.

This term encompasses any sensation caused by garment

accessories or stitching, for example seams, labels,
trimmings.

Vhen a fabric releases fibres into the air and onto

the skin during normal wear and the wearer notices the
loss.
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Itch This sensation can originate from many factors
v including all of the above mentioned sensations. It is

2’ feeling of wanting to scratch the’ skin. Initially

this term caused the most confusion because it was

used universally to describe many of the more specific

sensations.
Initial The fabric surface feels cold when a garment 1is
cold feel donned. The opposite is initial warm feel.
Pickiness This is almost exclusively a bandle sensation caused

by loose skin and nails catching on a fabric surface.
It can be likened to Velcro™, in that one surface has

loops (fabric) and the other surface has hooks
(hands).

3.2 Ihe Magnitude of a Sensation,

The magnitude of a sensation is somewbat harder to define. There are five
main regions that could be included on such a scale for each sensation. At
the top of the scale is ‘pleasantly aware'; this is when the wearer
registers and likes a sensation. Second is peutrality, when the wearer does
not ‘'feel' a sensation. Third, is a region where the wearer can detect a
_seﬁsation. but it is neither liked nor diéliked. The next region is that of
‘ discomfort and finally the scale will end with pain. If a 10cm line is used
to describe the "severity scale”, the divisions between the five regions
will not be equél for a particular sensation. If wet cling is taken as an
éxaniple: the majority of the scale (9.5cm) will be dominated by neutrality,
awarenesé and discomfart. Vet cling is never painful (0cm) and it would be
very unusual for it to be considered pleasant (0.5cm). The scale will alsa
vary from sensation to sensation; for instance scratchiness is invariably
uncomfortable and péinful and therefore tbe scale would be dominated by
' these regions. They “are dependent on an individual's own preferences and
pfejudices, which will also influence the size of a region. A hierarchy can

be developed for the severity of the skin sensations. This. depends on the
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size of the five main regions which are occupied by the sensation on the
severity scale, in particular the ability of the sensation to be painful and

cause skin damage. This is termed the "Potential discomfort ladder® and it
is shown in table 3.1 below.

Table 3.1 Poteniial discomfort ladder,

Xost Discomfort
Tight fit, Scratchiness -
Prickle
Tickle, Fidre shedding, Label irritation

Tacky cling
Vet cling

Initial cold feel

Least discomfort

3.3 Canclusions,

The range of terms selected for this study were used throughout the project
and enabled a precise assessment of a sensation to be made. Many of the
terms are commonly used, but to éliminate any slight differences in the
meaning of the words betweeﬁ people, a simile was used in conjunction with
many térms. This practice may have to be adhered to until a standard
terminology is accepted and widely understood. The range of terms selected
for this study were able to describe in detail the sensations that were
felt by the subjects in the wearer trials conducted, and it is proposed as a
standar§ terminology.
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The primary aim of the wearer triais was to determine the range and type
of the most common, unpleasant skin sensations that are experienced whilst
wearing garments next to the skin. In addition, a knowledge of the major
factors causing the discomfort, the frequency and ihe severity of the
sensations was to be gained. Although the comfort properties of different
fibres and fabrics were of prime interest, any part of a garment that comes
into contact with the skin during wear was considered. This included labels,

seams, trimmings and local fitting areas (overall garment fit was outside
the scope of this projectd.

It was decided from the start of this project that the first wearer trial
should include a wide range of commercially available fibre types and
fabric constructions and not development products. The fabrics were worn
next to the skin as tee-shirts or vests. The wearers were not told the
fibre content of the fabrics or any other information which might influence
their decision on the types of sensation that they could experience from
the fabric/garment. A particular significance was put on a wearer's own
interpretation of the in-wear properties of the fabric. Thereby allowing a
fresh look at the range of discomfort sensations tbat can be produced by
next to the skin apparel, and avoiding any predetermined conclusions as to
which sensations are and are not important. The pext stage was to analyse
each major discomfort semsation (as identified by the main wearer trial)
individually usin.g more specific wearer trials.

This proved to be a very successful approach:

(@) It led to the recognition of a common but undiscovered discomfort
sensation, tacky cling.

(b) The majority of skin sensations which had been documented by past
researchers were experienced; but the factors causing these sensations
tended to vary between the results of the wearer trial and past

research. For 1instance, the author considers discomfort due to wet
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cling to be at its worst when the fabric is weakly adbered to the skin.
The opposite coné¢lusion to other researchers. In addition a better
insight into the factors which can produce a skin sensation was
achieved. For example, it was found that garment fit can exaggerate or
decrease the level of discomfort of a particular 'skin sensation.

(c) The relative importance of each discomfort sensation was indicated.
Some sensations could be painful and cause skin damage (scratchiness)
whereas others were less severe (initial cold feel).

(d) A comprehensive, but concise selection of terms as establisbed for
describing the common discomfort sensations (see chapter 3). These
terms could also be used to precisely analyse less common sensations;

hence the discovery of tacky cling (which in the past had presumably

been assumed to be the same as wet cling).

4,1 XMain Vearer Trial,

The main wearer trial involved 20 Shirley Institute staff as subjects. They
included 10 men and 10 women, ranging in age from 20 to 60 years (appendix
1, table 3). The subjects were selected so that a range of different

activities were covered by each age group. Three main levels of activity
were categorised as strenuous, normal and sitting (oot sleeping). Each

subject was requested to continue with their chosen routine of activities
throughout the trial.

The subjects were required to wear and assess knitted fabrics worn as a
tee-shirt or vest and woven fabrics which were includéd as slip-on tops.
The 22'fa5rics selected for the weafer trial covered a wide range of fibre
and fabric types, see table 4.1. This table is included in appendix 1 (table
1) so that it can be referved ;pofor reference throughout this thesis. All of
them (except fabrics 16 and 17 which were development grades) were
commercially available for next-to-skin apparel. Vhere possible the fabrics
were made-up into garments at the Shirley Institute so that a standard
sizing system was achieved. Subject‘s had their own garment for each of the
fabrics they assessed. The subjects were not told the fibre composition of
the fabrics, and where possible the cloths were plain white to reduce the
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Fabric Fibre compostion Structure
number
1 C Polyester (65%), cotton (3%%) Honey~comb
2 PVC (90%), nylon (10%) 1 x1rib
3 ¢C Polypropylene (990%), nylon (10%) String vest
4 Cotton (90%), nylon (10%) Eyelet
5 Vool (50%), polypropylene (50%) l1x1ridb
6 Polyester (50%), viscose (50%) Interlock with 8x2
dropstitch. #
7 Vool (100%) Interlock
PVC (85%), acrylic (15%) Interlock. #
Cotton inside, polyester outside Interlock with 8x2
dropstitch. #
Double fabric
10 Polypropylene (90%), nylon (10%) 1 x1ribd
11 Superwash wool inside, polyester and Interlock.
nylon outside (90:10% Looped inside
12 Polyester (100%) 1 x1ridb
13 PVC (85%), acrylic (15% Eyelet
14 Polyester (10¢%) Interlock
15 Angora (40%), lambswool (40%), nylon (20%) § 1 x 1 rib
16 Superwash wool (100%) 1 x1rib. #
17 Superwash wool (100%) 1 x1rid
18 Polypropylene inside, cotton outside Interlock. #
19 C Polyﬁropylene ipside, 1x1rib
: acrylic, wool (80:20%) outside ,
20 | Polyester (100%) Plain weave
21 Acrylic (Dunaova) (60%), cotton (30%), 1x1riv
nylon (10%)
22 Viscose (100%) Twill
Fote:

+ The fabric has been sueded and has a bairy inside surface.

C The fabrics were made-up into garments commercially.

A1l the fabrics are knitted except fabrics 20 and 22 which are woven,
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influence of personal preference or prejudice. Four fabrics were not white;
fabric 18 was dark blue with thin green hoops, 19 was plain dark blue, 20
was plain middle blue and 21 was white, pink and dlue hoops.

Subjects wore their garment at least twice, once before and once after it
was washed. All the garments were machine washed at the Shirley Institute
using the Home Laundering Consultative Council wash code 6 only fabrics 15
and 7 were carefully hand washed to avoid shrinkage. The washing powder
used was non-biological Persil automatic. The majority of fabrics were
tumble dried with the temperature setting nidway on the synthetic rarnge.
The remainder of the fabrics (pumbers 2,5,7,8,13,15,16, and 17) were line
dried indoors to avoid shrinkage.

Subjects mainly wore their trial garments during the day, either at work,
playing sports or at home. The maximum and minimum temperture and relative
humidity was recorded for the period between 0900 to 2100 hours throughout
the trial, the information was obtained from the records at the Manchester

Veatber Centre. A graph of the temperatures and relative humidities during
the trial are shown in figure 4.1,

4.1.1 The Questiomnaires,

Two questionnaires were issued when a trial garment was first given to a
subject. The first, questionnaire 1, was used to analyse the initial response
of the subject to the handle and the general appearance of the fabric and
éarment. and to predict any in-wear discomfort. In addition, a record of the
discomfort after wearing the garment for the first five minutes was taken.
Questionnaire 2 was used to record and analyse \any discomfort sensations
that we;‘e registered after wearing the garment for a number of hours. After

~ the garment was worn and washed, questionnaire 2 was re-issued and

completed by the subject. See tables 4.2 and 4.3.

The questionnaires were designed so that as much information could be
obtained about the origins and the type of sensations which were being
experienced whilst a subject was wearing a garment. The questions were
designed to make the subject's think about all the discomfort sensations
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Figure 4.1

The maximum and minimum temperature and relative humidity in
Manchester between 0900 to 2100 hours during the wearer trial.

1983 1984
Months
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individually, so that none of them would be over-locked or forgotten by the
wearer. The terminology used in the questiomnaires was easiiy understood by
the subject's. They tended to use the same terminology in the questionnaire
in their explanations to describe the causes and the severity of the
sepsation being felt. Initially the term ‘itchy' was not included in the
questionpaire because it was considered to be a general term which was used
to describe many sensations, such as tickle, prickle and so on. It was later
included because subjects were using the term in their explanations (in
addition to the more specific terms) to describe this sensation alone (a
feeling of wanting to scratch their skin)., This was thé only major change

that was made to the design of the questionnaires during the wearer trial.

In this type of investigation it is inevitable that the subject's will need
to qualify some of their decisions. For instamce, question 3 of
questionnaire 1 asks if a subject thinks that the garment/fabric will be
comfortable during normal and strenuous activity. If the subject's <thought
that it would not be comfortable for either of these activity levels, they
were then asked to comment on their decision. Initially it may be thought
‘that subject's would avoid a ‘no’ answer because they would bave to do a
little extra work to explain why. This was not found to be the case. For
normal activity most subject's <thought that the garments would be
comfortable, but for strenuous activity over balf the subject's considered
that the garments would cause discomfort (appendix 1, table 9). The use of
a ten centimetfe llne to indicate relative comfort was used because it is a
method the author bad seen being successfully used by the Army Personmel
i?esearch Establishment to quantify the results of their subjective trials.

The questionnaires were successful in determining the psychological,

physiolagical and physical factors influencing the sensations experienced
by the wearers.
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QUESTIONNAIRE

Name? Garment: Sub jects

You have been issued with a garment to be used as a vest
or tee-shirt for wearing next to the skin.

Before vou put the garment on:

1. What is your initial reaction to the fadbric and thes

gasment itselfl?

Do you like it?

Would you buy a vest or tee-shirt made out of this
material?

Other comments:

2. What do you think the fabric is made of?

cotton
|t

wool

man-made fibre (specify)
blend wool/mem

cotton/m-m

3. Do you think the ;a:mont/fabric will be cormfortable to
wear during:

(a) normal activity Yeas No

{b) strenuous activity Yes

No
If you answered 'mo' to (a) or (b), pPlease explain why:

- 1 -
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.

&2

k.2

5.3

[

h.5

‘Before wearing the garwment for the firast time, indicate on

the 10 cm lines below

(a) how the fabric felt to you (its handle)
AV- the position or range in which you expect
comfort to lie for this type of garment.

Surface handle

Alw very rough/scratchy u!non-.\un ippery

-~ —

(b) very rough/scratchy emooth/slippery

() hot/warm cold

(b) hot/varm ) cold
4

(n) seirr “1imp
L SE—

(b) stifr 14imp
e d

Do you have any other comments to make on the "feel” of
the fabric?

Do you expect the fabric to produce static?

No D slightly D moderately _ —
badly D ‘very badly D

Answer this next section in the first
the garment

mins of wearin

Put the garment onj does the fabric/garment feel as

you expected?

(1) What type of fibre do you think the fabric is made

of now?
(Cotton, wool, man-made fibre, biend)

(11) Do you think the fabric vill be comfortable forg

(a) normal activity Yeo D No —U
Yes D No _U

If your opinion had\ changed from your initial reaction

to the febric/garment, ploase commentg

(b) strenucus exerciese

(1114) If the fabric feels different now you ere wearing it,
please use & different coloured pen on the 10 cm 1ines
in section & and specify below how the handle hae

changed.

(iv) Any other commentst
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Name: Subject Number:

Garment Number: Washings:

Vas the fit: (ansver (a), (b), and (c))

(a) very good | average | [ uncomfortable D
(v) bdaggy ' average | ; tight I

—
{c) Do you have any comments to make on the appearance?

Date you wore the garment: [ I l ‘ i i 4‘]

—
VWas the weather: Hot

Warm

Cool

Cold

Humid

Yhat type of clothing were Yyou wearing wvith the garment?

Nothing

Vest - 1

Bra ‘
. }
Full-length underskirt |

Anything on top (please specify):

o1l e
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7. How long were you wearing the garment?

0 =) hours
’3-6 =
6-9 *
9 -12 *
longer than 12 *

8. Indicats below hov your agtivity level changed during
the time you wore the garment,

start finiah

e time of wearing garment N

Time scaley

Strenuous exercise

normal activity

sitting

(Plemse tick approproate boxes)

9. Did you sweat? Yes _ _ No _ —

If the anever is 'Yes'’, please »:A&o-n. below when you

sveated and where.
Use tyU.A' for under-arms

L¥ N for all over
) finfeh
time of wearing garment '

LIT T T T U171 1]

Was the fabric vet after you were sweating? *nuHHHu zoﬁHHu

If Yes, How quickly did the fabric dry once it was wet?

start
[

Immediately quickly | moderately slow not at all
. quickly

Questions on the material

to, Did it feel?

very rough rough coarse slightly | smooth | slippery
coarse
very moderately slightly slightly! limp very
stife stif( exriasp 1imp 1imp

1", Did you feel?

very wot wet damp sticky dry
very
cold cold cool neutral warm hot very hot

N.D., If your resctions changed during different
activities, to eny of the above questions,
please indicate by using the koy letters.

se = strenuous exercise
n = normal activity
s = sitting

in the eppropriats boxes.
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12. ¥Was the clothing at any time: ;
e,

{Tick box if the answer is 'YES')
' 1.0 pDid you feol discomfort at any time,
c1 (no matter how slight)?
ammy
Clinging due to sweat Yeos D No D

Charged with static electricity

14.2 Was the discomfort due tog
Bulky
(1) naturs of the fabric itself
Stretchy
(11) localised factors (e.g. labels, seams)

Scratchy {sand paperish)
(154) £i¢

Prickly (pin pricks)

; h
Tickly (Feather, hair) {(iv)  wesather

LLITTT 1]

Ir (iv) was chosen, did the other factors ((1) (i1)

and (1i11)) atid, hinder or do nothing tovards the

Any other comments;
discomfort?

Ploase give as many details as possible to accompany
t4.2, for instance, where you felt discumfort?

why (is 3t specific to you)?

Which factor was worst?

13. Did the fabric make you feel itchy and want to scratch?

All the time wherover the garment
touches you
Some of the time on your shoulders and neck
not at all seams, labels, welts,
trinmings [

elsevhere (specify)

Yes

Vas the discomfort increased by movement

_ Car)
« = - . " sweat .DD

Do you have any other cosments to make?
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412 Pirst Impressions of a Fabric,

It was clear from the results of questionnaire 1 that the success rate for
guessing the fibre composition of a fabric was low, with 6 out of 22
fabrics having a 75 percent success rate (see appendix 1, table 6). The
wearer tended to lock at the fabric as a whole and to generalise on its
properties from these observations; for instance, was the fabric smooth,

coarse or hairy, shiny or dull, natural or a man-made fibre. The assessor

would then link these observations with past experieﬁées.

Although the range of fabrics and number of people in the wearer trial was
relatively small, the determination of the fibre content by bhandling a
fabric was poar, even by the well informed such as Shirley Institute staff.
The fabrics could be seen to be grouped into stereo-typed roles.
The wearer trial fabrics were grouped into three such categories:

(1) Cotton or cotton/ man-made,

(2) Vool,

(3) Man-made.

in the case of the latter group, when a subject did specify the man-made
fibre (such as polypropyleme, nylon, etc.), this was attributed to the
awareness of textiles of the assessors. The general public would
undoubtedly be less informed. The fabrics that the author considered to be
typical of their fibre type were 1, 4, 7, 9, 15, 16, 17, 20. The success of
guessing the fibre type correctly of the fabrics typical of their fibre type
had a mean value of 11 (x 3.8). The remainder of the fabrics had a mean
success rate for guessing fibre type of 4 (+ 2.5). If the correct and partly
carrect values for these two groups of fabrics are taken, the mean values
are' 15 _and 7 respectively. Therefore it can be seen that Xknowledgeable
assessOrs can 6nly predict fidre content of a fabric with just over a 50:50
chan-ce of getting the correct answer, and 75 percent of a partly correct or

carrect answer, even when the fabrics are considered to be stereo-typed.

There were strong Iindications that the handle of a fabric was of little
value in the prediction of discomfort sensations. 4 decisior on the overall
. confort of a garment/fabric is difficult due to the highly subjective nature
' of the decision. Questionnaire 1 found 19 out of the 22 fabrics to be
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considered comfortable by more than 75 percent of the wearers for normal
activity levels. The overall comfort assessment was very rﬁrely changed
after wearing the gar'ment for a number of hours, Most changes in comfort
decisions were with the wool fabrics where approximately one quarter of the
subjects thought that the fabric was more uncomfortable than expected
(appendix 1, tables 9 and 17). Questionnaire 2 showed that whilst subject's
wore their garments, most of them experienced and commented on the
presence of discomfort of some kind. Once subject's bhad decided that the
fabric was comfortable, unless extreme discomfort was experienced (which

was highlighted with the wool fabrics), the overall decision on comfort

remained the same.

The difference in the general attitude of a wearer to the fabric and its
actual performance displays the large influence personal preference can
have on their overall assessment of the fabric. However the presence of the
discomfort sensations is not forgotten. The nylon shirt of the 196Q's and
70's is a good example of this, where the shirt was worn because it was
easy-care and fashionable. After a while the discomfort due to wet cling
and static electrical build-up was perceived as highly objectionable. This
was not duwe to the shirt suddenly producing the discomfort, but it was a
decision which was built up over time due 1o the f{frequency of these
sensations. If the - discomfort was not present, the shirt could still be
popular today. Therefore, although personal preference does influence the
wear comfort of the garment, people do notice any discomfort sensations. If
ancther fabric or garment is available which will satisfy their aesthetical
needs equally, they will undoubtedly chose that product. Therefore, to
ensure that pew and existing garments, fabrics and fibres are suitable for
a particular end-use it is necessary to assess the fabrics accordingly in a
standér& way. The most practical and useful assessment of the in-wear
comfort of a product would be obtained from physical test methods which
are quick, easy to use and reliable. The development of such equipment is

discussed in chapters 6 to 13 according to the semsation being
investigated. ‘

The appearance of a fabric is therefore very important to a potential

wearer. The comfort/discomfort properties of a fabric are usually associated
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with the fibre content and not the fabric construction or garment design.
An example of this is’ again the nylon shirt which, due to its tight knitted
construction, caused a wearer to feel (amongst other sensations) wet cling
discomfort. However the gemeral public linked the discomfort to the fibre
(discussed in chapter 5) and assumed that all fabrics made from nylon
would cause wet cling discomfort. The relationship of the assumed fibre
content of a fabric and the opinion of the subject as to whether or not
they like the fabric showed cotton and cotton or wool blends to be amongst
the most favoured (80 percent liked the fabrig), whereas omly 36 and 27
percent respectively liked wool and nylon (appendix 1, table 7).

A person carries a typical image of the appearance of fabrics made from
the fibres they maost like and dislike in their minds. If the fabric they are
observing should roughly fit one of these images, then a decision on the
potential in-wear comfart is made. The ranking of fibres for comfort was

investigated further in a public questionnaire, see chapter 5.

42 Handle and In-Vear Comparisons,

All the wearer trial subjects conventionally handled the fabrics. Therefore

the majority of the information (besides visual inspection) came from the
thumb. '

During a handle gssessment a concious effort is made to register every
tactile sensatiqp, and because the fingertips are highly sensitive, an
accurate profile of the fabric can be achieved. Comments to question 4.4
(questionnaire 1) showed that handle can detect surface fabric structure,
drape and“sol-n‘e Qhemical finishes, but surprisingly, not fabric surface
bairiness. This is because the thumb flattens any protruding fibres and
5ives the v“impression of a smooth surface. In contrast, when a garment is
donned, ‘the brain will register the change in conditions for the first few
moments. Afte; this time the brain will stop conciously acknowledging
informatiqn ‘f“rbom the skin, and the wearer will not notice the garment
(assuming there are no major discomfort semsations). Initially and after a

number of hours, one of the most noticable sensations when a garment was
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donned was the presence of fabric surface hairs and tickle (appendix 1,
table 17, but no mention of the finishes or fabric comstruction -were
recorded by the subjec%.s throughout the trial.

The results from the questionnaires shawed that there was a large
discrepincy between the prediction of the in-wear properties from handling
a fabric, and the actual in-wear characteristics as discussed abave.
However, when purchasing or developing a new product, it is inpractical to '
test each new fabric in garment form, or to carry -out physical tests to
assess its comfort. A buyer, designer, research worker and consumer, to
name but a few, need to be able to screen a range of fabrics as quickly and
as cheaply as possible to ensure that the best products are obtained. Vhat
is needed is a quick and more reliable handle method to screen a fabric

more thorcughly than the conventional techrique.

Four methods of bhandle analysis were designed. These methods are described
in appendiz 4, Smith, 1986. In brief they include:
1) Conventicnal handle,
2) Rubbing the fabric with the finger-tips to determine the surface
hairiness and the rigidity of the fibres. ‘
3) Lightly passing the back of the hand over the fabric surface to
determine prickle, scratchiness and initial cald feel.

4) The same as (3) but using the imner forearm.

A combination of all four techniques is necessary to obtain the most
information, but they are listed above in order of the least (1) to the
most (4) relevant method. Kevertheless, these bandling methods are not
totally reliable. Tickle, initial cold feel, scratchiness and prickliress may
be indicated from +this procedure, but wet cling, tacky cling, fibre

. shedding, label, seam and local fit discomfort cannot be predicted to any
degrée. ‘
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43 Sensations Jdeptified.

The main wearer trial established the following as the most commor major

discomfort sensations that are experienced from next to the skin apparel.

1) Tight fit.

This could be due to local fitting areas (such as waist-bands) or to the
garment fit as 2 whole. The fit of a garment has an overriding influence on
all the other sensations because it governs the amount of relative movement
petween the skin and the fabric. This movement leads to the wearer
registering a2 change in conditions on the skin surface, a sensation.
Excessively loose clothing was also found to be vuncomfortable and

restricting, but to 2 lesser extent than tight fit. This thesis will only
consider the fit of local areas. ‘

2) Vet cling.

This is due to liquid sweat adhering the fabric to the skin, and when the
body moves this bond is broken and the wearer feels wet and cooler due to
an increased rate of sweat evaporation. Tacky cling is a2 similar sensation
which is caused by the presence of damp sweat residues on the skin. As for

wet cling, discomfort is experienced when the fabric moves over ar is

released from the skin.

3> Tickle.
This was a relatively common sensation that was mainly linked to the bady
hairs being moved when the fabric passed over the skin. The skin was more

sensitive to tickle on the shoulders and around the neck, especially when
the wearer was just starting to sweat.

4) Prickle.
This sensation can be likered to pin-pricks. It was only experienced from
the wopl fabrics 1in the wearer trial, but it can alsc be caused by

monofilament sewingy threads and label cormers. A high density of prickle
'produced a scratchy sensationm,
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5) Scratchiness.

This can produce skin abrasion and it is therefore potentially very painful.
It was associated with structured fabric surfaces (such as a honey-comb)
and garment seams. The major factor which influences the discomfort is the

movement of the fabric/seam over the skin, and in addition the presence of

moisture reduces the ability of the skin to resist abrasion.

6> Local Irritation.

The term local irritation refers to the discomfort caused by any part of
the garment other than the fabric or a tight fitting area. These additional
factors can be garment labels, seams, fastenings and trimmings. The type of
sensation that can be produced by these factors is varied, but it is

commonly prickle and/or scratchiness.

7> Initial cold feel.

This is the cold feeling which is experiencéd when a garment at a lower
temperature than the skin is donned. It is only felt in cold weather and it
is associated with a smooth non-hairy fabric surface which allows a rapid

transfer of heat from the skin to the fabric.

8) Fibre shedding.

Only one fabric in the wearer trial produced discomfort due to the fabric
shedding fibres; however when if. did occur the sensation was most
uncomfortable. The released fibres caused tickle, prickle and general facial

irritation, along with unsightly bhairs attaching themselves to other
surfaces. The fabrics which shed fibres bad very hairy loose twist yarms.

9) Static electricity.

This p;oved to be a minor discomfort sensation, with the main discomfort
 being associated with the fabric.clinging to the body and the presence of
visible sparking during doffing,and after the fabric had been tumble dried.
The sparking could be painful, but the wearers appeared to accept the

fabric charging as inevitable and not a major discomfort sensation.
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10) Allergies anqw;iérmatitis.
There was an isolated case of a suspected allergic reaction to a fabric in

the wearer trial, but investigation into this topic was outside the scope of
this project.

4.4 Counter—stimyli,

Depending on the number of skin sensations present _at any one time, only
the most uncomfortable/painful one will be noticed. The other sensations
will be registered when the wearer conciously thinks about them; 2
situation known as counter-stimuli, This is also the case when the wearer
is concentrating on an activity, when their attention is not on the clothing
(unless of course the sensation is extremely objectionable and/or it impairs
their performance). This means that when a garment is assessed for
comfort/discomfort, it is necessary for the wearer to conciously think of
every sensation individually, and to try to ignore ihe others. This
procedure was encouraged in the wearer trials by the design of the
questionnaires and by explaining counter-stimuli to the subjects. This
means that each sensation was assessed on its own merits and it reduced

the chances of not detecting a discomfort sensation.

45 Specific Yearer Trials.

Vearer trials and physioclogical tests were conducted to evaluate more fully
many of the major discomfort sensations that were identified in the main
trial. The people included in these specific trials were mainly Shirley
Institute staff, many of whom had not taken part in the main wearer trial.
The overall aim was ta identify more fully the factors causing a particular
censation, and where possible, to determine a discomfort threshold, The
results of these trials were used as the basis for the de\}elopment of test
procedures to measure the potential discomfort of fabrics and garments, for
exanple instruments to test a favric for wet cling, local fit and fibre

shedding were produced. WVhere a new test procedure was not relevent or
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practical, recommendations were made which usually included routine test

procedures to screen a fabric, as in the case of prickle.

An example of one of these trials is the investigation of tickle. The speed
of the fabric moving over the skin, the hairiness of the skin and/or fabric
and the pressure at the point of contact were analysed and ranked for their
influence on the severity of the sensation. The discomfort caused by
garment labels was also highlighted in these additional trials. The
importance of whick was further emphasised when over 65 percent of the
people in the public questionnaire (see chapter 5) claimed to cut the labels
out of their garments due to discomfort. These and other trials are

discussed in the appropiate chapters of this thesis.

46 Conclusions.

The wearer trials were successiul in identifying the major discomfort
sensations that can be experienced from next to the skin apparel. Some ‘of
the sensations had been identified by other researchers, bhawever the
pajority of the information gained Ifrom the.se trials was unique and
original. This wearer trial was the first of its kind to establish the range
and sebverity of sensations which can be experienced from next to the skin
apparel, without concentrating on pre~determined sensations or fibre types
which were of particular interest. The results of this wearer trial and

some nore specific wearer trials led the author to challenge many of the
more established ideas on the comfort of clothing.

The terminology used to describe the range of sensations which can be
experie;ced whilst wearing next to the skin apparel was established. The
sensations registered by handle and whilst wearing the fabric were quite
different, and therefore their terminology varied. It is doubtful if any
additional major discomfort sensations would be experienced by the body
from common. next to the skin apparel due to the wide range of fibres and
fabrics used in the trial. If other sensations do exist, they are likely to
be linked to a specialist end-use which would be of limited significance to
the genéral population. Although the. nunber of people taking part in the
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wearer trial was relatively small (20), the range of ages, activities,
personal preferences‘for both genders was large. The number of underwear
fabrics included was also large considering the types of fibre and fabvrics
presently available omn the market. The results are taken to be
representative of the general population (which do not bave allergies to the
fibres and fabric finishes used) because the physiclogy and methods of
stimulation will be the same for the trial subjects, as it is for the rest of
the population.

The handle of a fabric was found to be a poor judge of the comfort or
discomfort of a garment in wear. Four new methods to assess the in~wear
properties of a garment were designed so that handle will be a more
informative process. Nevertheless, bandle will never be able to predict the
comfort of clothing when it is being worn. This due to the physiological
differences between the fingers and the general body surface, such as the
presence 0f hairs and variations in the concentration of nerve endings. 4
more reliable method of predicting in-wear comfort is:needed. Onme which
will be cheaper, quicker and more reliable/consistent than wearer trials,
which are avoided nowadays due to these problems. The development of test
methods and recommendations are discussed 'for each major discomfort

sensation in chapters 6 to 13,
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The main wearer trial established that the majority of decisions on the in-
wear performance of a fabric are made before the garment is worn. The
appearance and handle of the fabric are therefore of prime importance, but
what do people look for and why? To determine more about the general
attitudes of the public, a series of questions were designed to discover
just how important the aesthetics and handle are to the consumer, which
properties they require or avoid and how they recognise their presence. The
questionnaire provides an ipsight into the reasons why preferences and
prejudices arise, what the public think is the main cause of discomfort and

the frequency and severity of skin discomfort semsatioms.

5.1 The Questionnaire.

A public questionnaire was designed to determ:;n'e the discomfort and comfort
properties associated with particular fibres when worn against the skin.
The questions were aimed at expanding on the knowledge gained so far in
the main wearer trial. The questionnaire was initally written by the author.
Advice was then sought from Dr. B. Stollery (University of Manchester
¥edical School), an experienced psychologist, on the design of the guestions
to ensure that they were not leading and that the terminology used would be
self explanatory. Advice was also sought from Mr. Latham (University of
Salford) amnd Dr. R. ¥cKamee (University of Manchester) on the design of the
questicnnaire in terms of the statistical analysis of the results.

The relative severity of the sensations associated with the fibres, and the
precautions people would take to avoid the fibres they tbought to be the
post uncomfortable was investigated. The differences in ranking for in-wear
comfor'i: by handle between a selection of fabrics when they are seen and
when they are not seen was of major interest. This was done by comparing

two sets of fabrics, one set of Jumper fabrics and <the other of
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blouse/shirting fabrics for this purpose. Finally, the overall comfort of
garment parameters such as elastic bands at the waist, sock tops and in
underwear and discomfort due to garment labels were assessed. The

questionnaire is shown in figure 5.1.

The questionnaire was issued to 1004 men and women in tbe north-west of
England in late summer 1984. The public were interviewed by professional
market researchers to ensure naximum feed-back. The Qquestionnaire was
designed for people of 16 years and above; this is because they will have
formed their own opinions as to the comfort of particular fibres and
fabrics and they are likely to purchase their own garments. Four age groups
were indentified, these were 16 to 25 years, 26 to 40 years, 41 to 54 years
and 55 years and above. The first age group was seen as the highly fashion
consciaud the second, third and fourth groups were seen as prefering
progresswely more mature fashions and traditional wear. A cross section of
the socio-economic classes was taken. This was divided into two groups of
social class for the questiomnaire, (1) the non-manuval workers
(approximately one third of the population), termed the ABCl social class,
and (2) the manual and the non~workers, termed the C2DE social classes. The
social class of a respondent was determined froﬁ the occupation of the head
of the bousehold by the interviewer. The number of interviewees which
answered the questionnaire in each age and socio-economic group is shown
in table 5.1. '

Iakle 5.1 The number of i{nterviewees that answered . the puyblic
questionnaire in each age group and social class.
Gender - Yales Females . ¥ales + Females
Age }
2! ARC1 C2DE ABC1 C2DE ABC1 C2DE
16-2% 43 86 49 86 g2 172
26-490 44 78 44 85 88 163
41-54 36 74 49 78 85 152
554 39 82 44 87 83 169
16-55+ 162 320 186 33§ 348 656
Social class 9! ABCIC2DE ABCIC2DE ABC1C2DE
16-25 129 135 ' 264
26-40 122 129 251
41-54 110 127 237
55+ 121 131 . A 252
16-55+ 482 522 c__1o04
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5.2 Results and Comments,
The results and statistical analysis for the public questionnaire are shown

in detail in appendix 2. The main findings’' of the questionnaire are
discussed below.

Initially the interviewees were asked to state how much attention 'thejv pay
to the type of fibres they wear against their skin. Secondly they were
asked how regularly they lock at garment labels for the fibre type when
purchasing. It was found that:

1) 48 per cent of women as opposed to 38 per cent of men said that they
were very pnrticular about the fibres that they choose to wear next to
their skin.

2> The ABCl1 social class was more particular than the C2DE social class,
with 62 to 4@ per cent of very particular people respectively.

3) The younger age groups were less discerqing adbout the fibres they
choose to wear againgt their skin than the older age groups. The 55+

age group tend to look at garment labels more frequently than any
other age group.

A4 comparison of the answers to questions 1 and 2 showed that there was a
correlation ‘between how particular 2 person said they were about next to
the skin fibres, and the frequency with which they lock for the fibre type
when purchasing. The more particular they are, the more frequently they will
look for the fibre type, as shown in table 5.2 below (also see table 3 and
3.1, ap};endix 2). It was found that 65 per cent of very particular peaple
would always loock at garment labels for the fibre type, whereas 74 per cent

of the people who said that they wear anything next to their skin never
loocked at labels.



(expressed as a percentage for all the interviewees)

How particular - Very particular Not really Vear anything
‘W : 64% 26% 16%
Sometimes 24% 48% 10%
Never 11% 26% .. 74%

52.2 The Xost Popular and Unpopular Fibres,

Eleven common fibres were presented to the interviewee typed on a card
(card 1). The fibres were acrylic, cottom, nylon, polyester, silk, acetate,
viscose, wool, mohair, angora and lambswool. The interviewees were asked to
choose the three fibres they would most like, and the three they would
least like to wear against their skin,

Cotton was by far the most popular fibre because it had 74 per cent of all

the first choice votes. Silk and lambswool, with 11 and 3 per cent of the

first choice votes were second and third respectively. There were
signifcant differences between the choices of the men and women, social
classes and the age groups:

1) Women prefered a wider range of fibres than men. Men mainly said that
cotton, silk and wool were best, whereas women prefered mostly cotton
and silk, with the rest of the fibres baving a reasonable spread of
votes (besides acetate). ‘

2) The C2DE classes tended to choose the man-made fibres and cotton more
frequently than the ABCl social classes,

3) The differences in choice between the age groups were seen as a
distribution of vates from cotton to the other natural and man-made
fibres. The younger age groups tended to prefer a wider selection of
fibres than the older age groups, in particular lambswool and angora
became less popular with increasing age. Lambswool was the first choice

for 2 per cent of 16-25 year o0lds, whereas 0.5 per cent of the 55+ age
group gave it that ranking.
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The first choice of each interviewee is shown in table 5.3 below.

Age group 16~25 26-40 41-54 55+ T 16~55+

1. 2 142 2 2 _1+211 2 1+21 1 2 142 1 2 _1+2
Acrylic 2 2 410 5 5 10 4 4 {e 3 31 2 14 16
Cotton 62 112 174 |62 126 188 164 126 100 |66 131 197 1254 495 1749
Fylon 2 6 8§12 2 4 1 5 6 171 8 *] 6 21 27
Polyester 0] 1 1 2 5 7 3 2 5 2 5 7 7 13 29
Silk 1@ 22 32 {13 17 30 |16 18 25 |10 7 17149 55 104
Acetate Y] ] %) ] L] o 9 ] ] 0 0 Q 0 0 /]
Viscose ] 1 1 1 1 21 © o |0 1 1 1 3 4
Vool 2 12 1412 © 2 (0 4 4 12 11 13} 6 27 33
¥ohair Q ) ] 1 3 410 o ¢ {0 © Q 1 3 4
Angora 6 2 8|2 2 40 1 1|6 © o 8 5 13
Lapheswoal 8 14 22 3 2 5 11 1 2. 12 3 5114 20 34

In question 3b the interviewee was asked to state the three fibres that
they would most dislike to wear against their skin. On analysis of the
questionnaires it became apparent that in a number of cases some confusion
as to the rank order of the fibres had been made. The worst fibre, ranked
11th, was found to be maore acceptable for wearing against the skin than the
fibres ranked 9th and 10th (question 4. Therefore the three worst fibres
selected by each interviewee were given equal status, and &0 each group of

people has three times its number of votes.

The three most unpopular f{ibres were mohair, angora and nylonm, with 20, 13
and 13 per cent respectively of the votes. The results and statistical
analysis of question 3b are shown in table 5, appendix 2.

There were signifcant differenges in the answer given by different gender,
social class and age group. Xost notably, women thought that Polyester and
silk (baving 6 and 4 per cent more of the votes respectively) were more
desirable, and angora, wool and mchair (baving 9, 6 and 3 per cent less
votes ‘respectively) less desirable than the men. This is pProbably dye to a
wider range of fibres being readily available and acceptable to tpe female
" market. This questionnaire has shown that polyester and silk are considered

comfortable fibres whereas angora apd mobair, common in ladieg winter
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apparel, are considered uncomfortable to wear. The youngest age éraup was
found to like angora and mobair and dislike nylon and polyester more than
the older age groups.

The extent to which a wearer would avoid particular fibres was determined
from question 4. Men and women would equally avoid wearing their three
most disliked fibres. The 26-40 age group was more likely to wear the
fibres they said they disliked than the younger or older age groups. The
older age groups tended to favour blends with less than 50% of a disliked
fidre in them, whereas the 16-25 age group showed a slight trend towards
wearing the fibre in 100 per cent form. This implies that the younger age
groups are more willing to experiment with fibres, and that they may not
have formed strong opinions about fibre comfort properties. They may also
be more tolerant to discomfort due to fashion dictating fabric trends,
wbich also means that garments bave a relatively short life due to changes
in fashion. The clder age groups may feel that there is no need to wear the
fibres they disliked in blend Jform because they have experience of a

selection of other, more comfortable fibres which they choose to wear.
5.2.3 The Inflvence of Sight on the Assessment of a Fabric,

One of the most important parts of the questiannaire was the determination
of the influence of sight on the ranking of a fabric for next to the skin
confort. This was done on two separate occasions. The interviewee was asked
to rank three fabrics for comfort against the skin by placing their hand
inside separate pockets of a bag (so that they could not see the fabric),
each containing a fabric sample. The fabrics were inm the form of plain
coloured (blue or beige or cream) swatches cut from commercial sweaters;
they were shetland wool,lambswool/angora and mohair. A second baé
containing commercial blouse/shirt weight fabrics was presented to the
interviewee in the same way, and these were ranked for comfort against the
skin. In this case the fabrics were tussah silk, medium and a light weight
plain weave polyester (I.C.I. Mitrelle™ and a silk crepe. The polyester
fabrics had been designed to look like silk. After a few questions
inbetween, sanmples of the same fabrics were given to the interviewee for

ranking for comfort when they could both see and handle the fabric. The
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order of presentation

of the samples was randomly varied between
individuvals and also between the seen and unseen assessments.

¥hen the first set of fabrics was ranked both unseen and seen, the
lambswool was undoubtedly the most favoured, with mohair and shetland wool
fabrics coming Jointly last. The lambswool was ranked first choice by 82
per cent of the interviewees when assessed unseen and 75 per cent when the
fabrics were both seen and handled. Vhen the fabries were seen, Some more
definite trends appeared as shown in table 5.4. The 16-25 age group and the
ABC1 classes prefered the mohair to the shetland wool fabric, whereas the
males in the CZDE group prefered the shetland wool to the mohair fabric.
These changes are undoubtedly due to the ‘image' the fabric portrayed, and
whether or not it was acceptable, either for fashion or comfort to a
particular sector of the population. The difference in colour of the fabrics
may have influenced a few decisions between the seen and unseen rankings.
However the change in ranking of the fabrics was specific to certain groups
of people, such as males C2DE, and this is highly unlikely <o be due to
colour preference. The number of rank changes made between the seen and
unseen bandle tests were 69 per cent for the first comparison, the majority
of which occured between the shetland wool and nohair fabrics. Therefore
the aesthetics of the shetland wool and mohair fabrics had more influence

on the ranking decision than the dandle of the fabric, thus proving the

importance of fabric appearance on consumer acceptance.

16-25

Age group 26-40 41-54 55+ 16~55+
1.2 1+ 1 2 142 11 2 14211 2 142 1 o142

¥ales 16 30 40 |11 17 ‘28 | 8 20 28 110 17 27 | 39 84 123

Females 24 61 85 |14 22 36 |13 17 30 )12 27 39 | 63 127 190

Males + : :

females 34 91 125 {25 30 64 {21 37 58|22 44 66 [102 211 313
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The two polyester fabrics were prefered to the two silk fabrics when they
were ranked unseen (thg polyester fabrics were first choice for 79 per cent
of the assessors). This ranking remained the same when the fabrice were
ranked seen, but a more definite order of prefefence had been established.
In this case 76 per cent of the interviewees made at least two rank changes
(that is a change in preference). The changes were approximately equally
divided between the fabrics, thus indicating the over-riding influence of

personal preference for a fabric's aesthetics over its handle properties and

an impartiality to any predicted discomfort. This relationship can be seen
in table 5.5 below. )

Age group 16-25 26-49 41-54 55+ 16-55+
Social clags 11 2 142 11 2 142 11 2 142 11 2 142 |1 2 1+2
Kales 10 16 29 {15 19 34 & 28 36 | 13 17 30 |46 83 129
Females 722 29 721 28 9 16 25 } 16 17 33 139 76 115
¥ales + .

females 17 41 58 | 22 40 62 |17 44 61 | 20 34 63 {85 150 244

5.2.4 Buying Clothes for Others,

A general question was aimed. at finding out how particular people are about
the fibres and fabrics that are bought for them, and the type of people who
puréhase and receive the clothes. As expected, women buy the majority of
clo‘.ches, espécially between the ages of 26 to 54 years ol&. They mainly buy
clothes 'for children and/or a spouSe. In more than bhalf the cases the
decision on fibre content of a garment is left up to the purchaser and the
recipient does not state an opinion. The results are summariéed for all the

people taking part in the public questionnaire in table 5.6 belaw.
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Age k

qroup 16-28 26-48 41-584 8o+ 16-85+
Social

clase ] 2 1+21 1 2 1+2 0 1 2 #4211 2 14211 2 14
Y 34 38 37 57 58 &3 53 45 48 35 30 32 4 45 43 43
N 66 62 63 43 42 42 47 55 82 | 65 70 68 $6 87 &7

525 The Xost Objectionable Skin Sensation,

Question 1¢ of the questionnaire was included 1o determine which common
skin sensation is most disliked. Three of the most common and well known
discomfort sensations were chosen from the findings of the main wearer
trial and general knowledge. They were presented to the interviewee as
shown below (typed on card 6):

A) The garment belng too tight.

B> The garment clinging when wet.

C) The garment feeling tickly or hairy.

The interviewee was asked to imagine that a garment had all of the three
discomfort properties, and to say which of the three they would find most
and least annoying.

The results showed that tickle was the most annoying sensation; tight fit
was second and wet cling was definitely the least annoying. The proportion
of peop-le chocsing these sensations as the most uncomfortable was 60, 31
~and 9 per cent respectively. The results of question 10 are shown in table
5.7 below and in table 15 in appendix 2.



59

Age group 16-2%5 26-40 41-54 55+ 16-55+

Social class! 1.2 1+2 12 1+2 2 142 1.2 1211 2 1+
Tight 24 49 73128 47 75)28 47 7530 61 91{110 204 314
Vet 14 14 28 7 18 20f 610 16| 9 18 27| 386 54 GO
Tickle 54 109 163 | 53 103 156 51 95 146 | 44 ©1 135|202 398 600

This indicates that blairy surfaces and wool~like fabrics, which are
commonly associated with tickle, may well be avoided. Tight fit, although
ranked as the most uncomfortable sensation in the main wearer trial was
placed second in this questionnaii-e. This could be due to many reasons.
Some of the most likely are that it was a difficult question to answer
without actually experiencing the sensations, and therefore the rank order
is likely to vary. The perceived tightness of fit which is envisaged is also
very much up to an individual to decide at the time of answering the
questian A moderate discomfort level was probably chosen, otherwise the
person would be unlikely to consider wearing the garment, but tight fit has
the poteﬁtial to be painful. Therefore in +this case (for a moderate

digcomfort level) the rank order would agree with the wearer trial findings.

The interviewee was asked to state which fibre they would choose to wear
against . their skin in hot weather, and the fibre they would choose for
cold weatber. They were also asked to say why they had made this choice.

In hot weather cotton was undoubtedly the most popular choice, taking 924
out of a possible 1004 votes. The other fibres which were of secondary

preference were silk, nylon, polyester and a cotton/man-made blend. The
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main fibre property which over balf the interviewees mentioned as their
first priority for hot weather clothing was coclness. The ability of the

fibre to absorb sweat, its easy-care properties and comfort were of

secondary lmpartance.

The fibres most favoured for cold weather clothing spanned a wider range
than for hot weather. Cotton was still ranked the favorite with 39 per cent
of the votes, but wool was also ranked highly with 33 per cent of the
votes. Lambswool was the third most popular with O per cent of votes. The
rapking of the fibres for all the interviewees is shown below (also see
table 18, appendix 2):

Cotton and wool.

. Lambswool.

Cotton/man-made, thermal, acrylic and nylom.

Silk, wool/man-made, polyester, don't know, angora, mchair and ‘any fibre'.

Men and women had different preferences for fibres. Cotton was 1‘:he most
popular fibre for males with woecl being a close second (218 to 165 of a
possible 482 vptes). Lambswool and a c‘otton/man-made blend had
considerably fewer, ,bUt equal votes (27 votes each) and in particular they
were selected by the younger and older age groups respectively. Females
favoured co‘cton._ but to a lesser extent than the males, with wool being
slightly more popular (162 +to 173 votes). The women mentioned a wider
range of fibres thgt they would choose to wear for cold weather clothing;
notably lambswool, thermal fabric, cotton/man-made blend, nylon and
polyester. The most important property of a fibre for cold weather was, not
surprisingly, warmth, where 61 per cent of the people interviewed stated
this as the first reason for selecting a fibre. The next important reason
was comfort wit_h 10 per cent .of the votes, and don't know and non-
allergenic each had approximately 7 per cent of the votes. The most
favoured fibres €0 be worn next to the skin in hot and cold weather and

the reasons why the fibres were chosen are shown in table 5.8.



DOT 1 (1 d a4 Qa3 a

1 5
.

reasan for their chgice, (number of answers)

Veather 4 % Hat | cold | Veather o ; Hot ! _Cold
[Fibres ¢  Reasong 4 :

Acrylic 1 27 Absorbency . 93 18
Cotton 915 385 Coolness 346 -0
Fylon 21 19 Vashing 30 3e
Polyester 13 13 Thin/light 31 0
Silk 29 15 Soft 9 39
Viscose 1 3 Comfort 47 54
Vool 2 341 Natural 3

Man-made (mm) 1 4 Clean/fresh

Cotton/mm 16 41 Durability 2 1
Thermal 1 30 Non-allergenic 21 56
Any 1 5 Always worn it 3
Don't know 3 10 No wet cling 8 1
Mobair 0 6 1 don't sweat 24 8
Angora 0 (10 Fo static 2 1
Lambswool ] 84 " | Retains shape 3 )
Vool/om 0 7 Cheap 1 )
Linen " Varmth ® 430
Towelling 19 2 Don't know ) 3

These results contradict the answers to question 3b when wool was ranked
the fifth worst fibre with a bigh score of 278 votes (or approximately 10
per éent of fhe total votes) for an end-use in next to the skin garments.
This difference in opinion implies that when wool is directly compared with
other fibres (typed on a card in the case of question 3b), a person tends
to think of wool as being more uncomfortable than when they are selecting
a fibre without any guidance. In this latter case the interviewees were

likely to have selected the first fibre that came into their heads. In most



&2

cases, the people who had selected wool did say that they chose it for
warmth. This is a property commonly associated with wool and it is of
obvious importance in cold weather. Nevertheless the likelihood of a person
wearing woal, such as shetland wool against their skin is low. Most woollen
garments are designed to bave shirts or blouses worn underneath;  the
garments intended to be worn next to the skin are generally made from
finer wools, such as lambswool, and they are generally for the fashion
market. It is likely that an interviewee could have stated wool instead of
lambswool, and therefore the difference between tl;e ranking of the two

fibres for this question is probably due to a generalization.

The man-made fibres were more highly rated for wearing next to the skin in
cold weather. One of the main reasons for this is the lack of the need for
the fibre to keep the wearer dry and to wick sweat away from the skin (a
property that was appreciated by the general public). The ability of the
fabric to absorb sweat and "breathe" (a phrase commonly used by the
interviewees) were of low priority on the list of properties, being 4 and 1

per cent respectively of the total reasons stated.

527 Fibres Prefered for Sportswear.

The people who play sports were asked to say which fibres and fabrics they
wear for their particular sport, and the first choice was noted down. One
fifth of the interviewees answered this question and the majority of them
played a racquet, team or track sport (this was recorded by the interviewer
as an extra comment to question 12). These sports have similar fabric and
garment requirements and therefore they were grbuped together for
statistical analysis (see table 20, appendix 2). The fibres that were
mentioi:ed were ranked in the f»ollowing groups to a significant ievel of
difference:

Cotton (63 per cent of votes).

Cotton/man-made, nylon, polyester (14, 7.5, 4.5 per cent of votes).

Acrylic, man-made fibre, towelling, wool and silk (all had 1.5 per cent of
votes besides silk which had 1 per cent).
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The reasons why these fibres and fabrics were chosen were similar to those
mentioned for hot weather clothiﬁg. namely coolness, comfort, easy~care,
absorbency and that a person bad no choice in the garments they weaLr or
buy (see table 21, appendix 2). Nowadays the majority of garments for these
sports are a cotton/man-made fibre blend, with many fabrics being 100 per
cent polyester or nylon. Relatively few garments are available in 100 per
cent cotton. Assuming the interviewee purchases garments specifically for
their sport (and does not wear everyday tee-shirts of 100 per cent cotton),
their clothing probably looks like cotton. However it is most likely to be a
cotton/man-made blend. The common image of cotton, geing cool, comfortable
and absorbent is evident in the reasons why a fibre/fabric was chosen for

a sportswear end-use.
5.2.8 SGarment Discomfort.

The women were asked to comment on any discomfort they have experienced
from tights and stockings. This question was included because they are a
very common next to the skin garment. In hot weather 65 per cent of the
women said tbat they found them uncomfortable, 22 per cent did not feel
discomfort and 14 per cent do not wear them. In cold weather 11 per cent
of the women said that they had felt discomfort, 85 per cent did not feel
discomfort and 4 per cent of women 40 not wear them. The percentage of
women in each age group who found tights uncomfortable in hot and cold
weather can be seen in table 5.9. The reasons for the discomfort were
mainly related to the properties of nylon fidbre and not the fabric
construction. Some of the most common phrases used +to déscribe the
discomfort were: ‘it doesdi breathe', 'it makes my legs hot', 'holds the

beat!, 'sweaty'. The health aspects of tights were also of importance; they

were said to cause rashes, thrush and they were generally not healthy.

Age group <1 16-28 26-4¢ 41-54 55+ 16-55+
Veather 2 Hot Cold ! Hot Cold | Hot Cold 1| Bot Cold | Hot Lold
Yes 61 1% | 72 17 68 8% | 57 6 64% 10%
¥o 16 76 15% 8oy | 22 89 3Bk o1n | 22 84%
Don't wear |23 12% | 12% 2% | 10 2% % 2% | 13% 5
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Questions 13 apnd’' 15 were included in the questionnaire to determine the
general opinion on commercial garment comfort and design. The interviewees
were asked if they experience discomfort (in garments of their own size)
due to tight fitting elastic in underwear, socks and waistbands. The results
are shown in table 5.10. Overall it was found that each of the areas of
local fit mentioned were uncomfortable. Females found that elastic in socks
was the least uncomfortable out of the three, which is probably due to the
lower number of women who wear socks and possibly to the comfort of their
socks. Elastic at the waist was marginally more-uncomfortable than in
underwear. Males however found elastic at the waist least uncomfortable and
in socks the most uncomfortable. In the main wearer trial the fit of a
garment was found to be very important to the well-being of the wearer. It

caused discamfort and sometimes pain.

(Yes = uncomfortable, No = comfortable)

Age group o | 16-25 26-40 41-54 55+ 16-55+
| Answer Yes  Fo Yes  Ng Yes _No Jes No ies NO

Underwear 53 211 62 189 58 179 60 102 233 711
Sacks 54 210 67 184. 63 174 51 201 235 769

Vaistbands 42 222 59 192 44 103 66 186 211 793

It would appear from the answers to this question that tight local fit of
garments is a common, wide spreéd problem. It indicates that garment
designers aﬁd manufacturers should pay more atteption to the type of
materials ana mak_ing—up tecbhniques that are used, and that the sizing
system should be revised. Although more intermediate sizes are commercially
unviable for most .garments; a common, standard product such as a socks

could well be made in differing sizes to accommodate various leg sizes
because the market is so large.

The determination of the optimum position for garment labels wasthegimof
the final questipn. The interviewee was asked if they found labels annoying
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at the neck, in the side-seam of tops and at the back of briefs. If they
did feel discomfort, they were asked if they would remove the label from
the garment. The labels sewn into the neck of garments were found to annoy
approximately 66 per cent of the interviewees and about 17 per cent found
labels in side-seams and in underwear uncomfortable. Even more surprising,

over 65 per cent of the people interviewed cut the labels out of their

next-to-skin apparel. The numbers of people who cut the labels out of their
garments is shown in table 5.11.

Age group -9 16-25 26-40 41-54 55+ 16~55+
Social clases| 1 2 142 1.2 1+2 1 .2 142 1214211 2 1+

Yes 59 110 169 (49 105 154 {54 104 158 |50 98 148212 417 629
No 25 43 68 |28 39 67 131 33 64 24 57 81108 172 280

Although the exact reasons for cutting the label out of a garment was not

investigated in detail, there are two main reasons why this would occur:

1) If the label bhad caused sensorial discomfort when the cornmer of the
label sticks into the skinm.

2> The psycbological discomfort when the label hangs outside the garment,

or it is displayed when the wearer does not want it to be seen.

This high instance of discomfort due to garment labels led the author to

investigate this specific source of discomfort more fully in this thesis.
This work is discussed in chapter 11.

These findings are also of great significance to a retailer and garment
producer. A label has washing instructions, trade name of the producer,
fibre content, garment size and stock control data. Vhen the ladel is
removed this information will be lost and the consumer may forget the

manufacturer, size and washing instructions. This information is important
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if the consumer is to care for the product properly and repeat the
purchase.

5.3  The Xajor Findings from ihe Public Questionpaire,

The questionnaire provided information on the in-wear comfort properties of
conmon apparel fibres and it determined more fully the method of selection
of fabrics by the general public. Garment parameters and the severity of

some common discomfort sensations were also investigated.

The results have shown that people put great emphasis on the appearance of
a fabric when making a decision on its comfort. The appearance of the
fabric is very important and a consumer is unlikely to reject a fabric made
from a synthetic fibre if it looks like a natural fibre. This is even more

the case because many people do not look at the label to determine the
fibre content.

The most popular fidbre was cotton for all end-uses. The main reasons for
this choice was the perception of | conlness, comfort and absorbency. The
fibres which were least popular for next to the skin garments were the
synthetic and the coarser animal bair fibres. In the latter case this could
be due to the fact that most people thought that tickle was particularly
annoying, a sensation commonly associated with wool-like fibres. The
synthetic fibres could be disliked for many reasons. At present there is a
tendency to want natural products, and the synthetiés are believed to be
non-absorbent and therefore unhealthy. In addition many people would nat

know the dlﬁerence between the synthetic or the cellulosic fibres, and may
for this reason avoid botb.

The questionnaire showed that the majority of people bave a definite idea
of what they should require from a garment for a particular end-use.
Nevertheless, the aesthetics of a fabric (and presumably a garment) will
dominate a decision. Most comfort and discomfort properties of garments
‘were associﬁted with the fibre typé, rather than the fabric or garment

construction, but relatively few people look at a garment label for its
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fibre content before purchasing, therefore making the decision totally on
bhandle and aesthetics.

Garment labels were found to be a common source of discomfort and many of
the labels are cut out of the garments. The type:of labels used for next to
tbe skin apparel needs careful consideration and re~designing in some
cases. The tight fit of underwear, socks and waistbands also caused wide
spread discomfort. There is obviously a need for more tolerant garments to
accommodate a larger range of body shapes within one size category. Ideally
an extensive anthropometric study should be carried out so that garment
sizing may be accurately determined. This would provide a sound base for

future standardization.

The questionnaire was very successful in elaborating and endorsing the
findings of the main wearer trial. It discovered the general outlook on
garpent comfort by non-textile related people and in doing so, some

surprising results emerged.
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It is well known that if a garment is +tight. fitting it can be both
unconfortable and scmetimes painful, and at the same time it can restrict
blood flow and body movement. Nevertheless relatively little is known about

the acceptable pressures that the body can withstand for the common local

fitting areas of garments.

Tight fit is a very common sensation, the public questionnaire determined
that over 3¢ per cent of interviewees thought that tight fit was more
uncomiortable than tickle or wet cling, and 42 per cent put it secomd to
tickle. Information on the general and local fit of garments is therefore
needed so that they can be designed to be comfortable for a wider range of
the population, something which is obviously lacking at the present time.
Garment fit is also a very important facet in understanding the other
sensations considered in this thesis because it controls the amount of
relative movement between the skin and the fabric. Originally garment fit
was not intended to be included in this thesis because research on garment
drape and fit was being carried out by a French research organisation
(C.E.T.1.H.) under the same research programme for tbe E.E.C.. The French
concentrated on the drape and folds of a fabric and not the discomfort of
garment fit. Meanwhile, comments from the subjects in the main wearer trial
led the author to consider it 1o be an important, common source cof
discomfort which can influence the frequency and severity of all the other
skin discomfort sensations considered in this thesis.

The ability of the fit of a garment to govern and often over-ride tbe other
ckin sensations was highlighted from the results of the main wearer trial
(see table 12, Appendix 1).
Fit can influence the comfort of a wearer in three main ways:
1) It can cause discomfaort and sometimes pain.
2) It can increase tbe discomfort of some sensations.

3) It can reduce the discomfort of some sensatioms.
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If additional discomfort sensations were experienced at the same time as
tight fit, they were often regarded to be less uncomfortable and.less
frequent than the rest of wearers bad found them to be. In this case the

wearer was experiencing counter-stimulil (see section 3.4).

63 Iypes of Garment Fi%,

There are two types of tight fit within a garment: _

(1) General fit which refers to the closeness of fit of the fabric in the
garment. It can restrict movement, cause discomfort and influence other
discomfort sensatioms. -

(2) Local fitting areas such as seams and bands, for example, waistbands,
arm-holes, underwear elastic. These areas apply greater pressure than

general fit and inirariably cause red pressure marks on the skin.

In this chapter general fit will be considered in terms of its influence on
the severity and frequency of otber skin sensations, whereas local fit will

be investigated more fully as a discomfort sensation.

6.1.1 Geperal Fit,

The general fit of a garment is not only capable of being uncomfortable due
to tightness or excessive looseness, but it can dominate all the discomfort
sensations considered in this thesis. It has a direct effect on prickle,
tickle, scratchiness and skin abrasion, wet cling, local irritation, fibre
shedding, initial cold feel and static electrical build-up. Fit is so
influential to the comifort of clothing because it determines the amount of
relative movement between the skin and the fabric. More movement produces a

greater number of cbanges on the skin surface, for example hairs are moved
and a sensation will be experienced.

Fit is determiped by the style of the garment and the quantity, elasticity
and drape of the fabric. In addition, the physique of the wearer, the type
of body movement and the level of activity of the wearer also influence fit
and the relative movement between the skin and fabric.
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The tight or loose fit of a garment can reduce the discomfort of some
sensations and increase others. Therefore it is important for a wearer to
know the range and se@erity of sensations that could be experienced whilst
doing a particular activity, and to choose a garment that fits appropriately
(assuming the fabric and fibre type are also appropiate). For example, for
long term, high levels of activity such as marathon running,a close fitting
garment made from an open-structured highly extensible fabric is required
so that ckin abrasion is kept to a minimum. The skin can be easily abraded
when it is damp and any movement between the skin.and the fabric should
therefore be avoided. A tight fitting, high stretch garment will move with
the body rather than over it and thus reduce the chance of abrasion. For
moderate activity levels, to avoid wét cling and thermal discomfort a loose,
baggy garment is preferable to increase the "bellows motion" of the fabric.
This will have the effect of increasing airflow and hence sweat evaporation,
which will keep the body cooler. To reduce fidre shedding the garment
should again be close fitting. The fabric will be restricted in its bellows
motion which will reduce tbe number of hairs dislodged in this manner. The
general fit of a garment is important to the comfort of a wearer as
discussed above. It is a topic which will be noted throughout this thesis,
but it is outside the scope of this project to ‘investigate general fit any
furtber.

6.1.2 Local Fit,

Local fitting areas are the parts of a garment which are used to hold the
garment on the body and to add style to the clothing. These areas can be
elasticated or non-elasticated when they are fastened with belts, buttons
etc.. It is the pressure exerted by these areas.of a garment in relation to

comfort which is being investigated in this chapter.

vmwmmmnwmmmnmmmm

The severity of discomfort that can be felt from tight fitting clothing
depends on the pressure exerted on the body at a particular location. The

skin senses pressure when it is bending or stretching. Strang pressure
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affects 'deep pressure' nerves (thought to be the Pacinian corpuscle) while
light pressure stimulates only the bair bulbs and free nerve endings. The
threshold for pressure and pain will vary with the area of the skin tested,
it will depend on the concentration of nerve fibres and the thickness of
the skin (Voodsoﬁ ‘and Conver, A1954'-64). The ability of the body to
withstand different pressures at various locations has been well documented
in the medical literature. In general, bony prominénces have a particularly
low discomfort threshold, for example the shin and chest, whereas load-
bearing areas such as the shoulders and buttocks have a particularly high
threshold. Variations can also occur around the circixmference of the body;
the waist typically tolerates 3.5 times more force at the sides of the body
than at the front (Demton 1971) due to its approximate oval shape.

In order to investigate the distribution of load arcund the body, a solid
model of the authors waist was made from wood. This was achieved by taking
measurements of the waist at 22 points around the circumference of the
body using calipers. An elastic band (using 2 cm brief elastic) was placed
around the model and the pressure was nmeasured at 36 points (from centre
front to centre back or bhalf of the waist) underneath the band using a
pressure transducer. The pressure transducer (designed and loaned by the
Department of Orthopaedic Mechanics, Salford University) is 13 ¢m 1in
diameter and 1 nm thick. The pressure was measured directly in millimetres
of mercury (mmHg). The results of ‘this trial showed that the pressure at
the sides of the model was approximately 4 times the pressure at the fromt,
87 cN/cm® (65 mmHg) to 20 cN/cm® (15 mmHg) respectively. This value is
similar to Denton's finding of 3.5 times the pressure at the side of the
waist than at tbe front, with the small difference in the relationship being
attributed to differences in the geometric shape of the body studied.

Researchers bave chosen to quote their findings of comfort and discomfort
thresholds in eitber mmHg, gf/cm® or cN/ecm2. The conversion factors are:
1 nmHg = 1.36 gf/cm® and 1 cK/cm*® = 1.02 gf/cm?.

A common physiolo_gical explanation of the. limiting factor for comfort is
the pressure at which blood flow 1is inhibited or prevented, that is
diastolic pressure. This is typically 107 cR/cm= (80 mnHg) and pressures
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around or above this value are recommended to be avoided due to discomfort.
Roth, Siegert and Unerricht (1971) investigated the passage of £fluid
through the tissues of the body. They injected a radioactive substancev into
subjects, and the time taken for the substance to travel a certain distance
through the tissue was measured. :Pressure was artifically induced over
injection regions and participants assessed comfort during the test. They
found that a compressive pressure of 160 cN/em* (120 mmHg) was very
uncomfortable and reduced the clearance of the radioactive substance by 80
per cent. 42 cN/cm® (30 mmHg) was comfortable and reduced the clearance by
20 per cent. They concluded that pressures should no:c; exceed 14 cN/em= (10
nnHg) with an expected reduction in tissue clearance of 7 per cent. On the
basis of these findings a special production method for corsetry was

developed in East Germany and the garments manufactured were assessed as

confortable in wearer trials.

4 number of researchers bhave studied the comfort of garment fit at
particular areas of the body for both general and local fit. The most
notable are briefly considered below. Denton (1971) found that in general a
pressure of between 51-71 cN/cm* to be the discomfort threshold for the
arm. Jobansson (1984) did not specify a discomfort threshold, but chose one
pressure, 27 cN/cm?, for comfort for most body areas. He used this value in
the design of test equipment which he subsequentially developed to measure
garment suitability for body size. The lanstitut Textil de France (1983)
found tbat the bearable grip for waistbands of briefs is 36 cN/cm® (static
pressure), and they suggest 31 cN/em® for comfort. lLemmens (Dentonm, 1971)
measured the pressure under figure control garments. Swimwear exerted
pressures of 10 to 20 cN/cm®*, modern corsets of 31 to 51 cN/cm® and
elasticated sock tops and medical stockings 31 to 61 cN/cm®, These were

not discomfort thresholds but tolerated pressures.

There is a lack of information on the pressure discomfort thresholds for
common local fitting areas of the body. Therefore two local fit trials were
designed. The first was to determine comfortable pressures experienced
‘whilst wearing everyday clothing. This provided information on the range of

acceptable pressures for a wide range of common local fitting areas. The
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second trial was to investigate more thoroughly the pressure range for the
discomfort threshold at the waist.

6.2.1 Pressure of Everyday Clathing.

The pressure was measured under various local fitting areas of everyday
workwear of thirty Shirley Institute staff. They were not told about the
trial before they arrived at work so that their choice of clothing was not
influenced in any way. The wearer was asked to comment on the comfort of
each garment in terms of {it alone, however very few garments were
described as uncomfortably tight. The results are shown in table 6.1. The
mean of all the individual pressures measured at any one site are shown in
the table.

The pressure under the local fitting area was measured by carefully placing
the pressure transducer (loaned by the Department of Orthopaedic Mechanics)
between the skin and the garment so that it was flat and totally covered
by the local fitting area, then a reading was noted. This was repeated a
numnber of times at the same location around the circumference of the body.
The accuracy of the transducer has been investigated under circumstances
similar to those used in the tests and found to be accurate to within x 2.7
cN/cn® (£ 2 mmHg).

Tpis trial bas provided an imnsight into the wide range of pressures that
éan be experienced without causing discomfort for long periods of time.
M&ny of the mean pressures shown in table €.1 are above 107 cN/cm® (80
mnHg), when arteriol diastolic’ pressure, and therefore blood flow could be
rimpaired. The author considers that these higher pressures will be buffered
by body fat so that the veins do not experience the high loads. However,
thek body did ackpowledge the presence of the high pressures due to the
production of red marks on the skin. The areas where the pressure was high
are "common tight fitting regions and are therefore more adapted to the

loads.
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Iable 6.1
Garment {Postion of reading Mean Minimum Maximum cv
.{on_ihe body> cNfom? gl cN/em2 ImmHg | eN/ew2 ! mmHg %
Bra Front B Chest 187 140 93 79 373 280 61
Back Chest 67 50 27 | 20 133 1e¢0 55
Strap Shoulder 53 40 13 1 } 133 100 63
Female Front Hip 53 40 13 10 [133 100 102
briefs Side Hip 80 69 27 20 | 267 2090 84
Tights Front Vaist 40 30 27 20 80 60 37
Side Vaist 890 60 27 20 107 8e 30
Underskirt| Front Vaist 67 50 27 20 187 140 69
Side Vaist 120 90 853 40 293 |220 66
Skirt  |Fromt | Vaist 40 | 30 | 27 |20 | 80 | 60 | 43
Side VYaist 93 70 27 20 187 140 73
Trousers |Front Vaist 67 50 27 20 | 107 80 66
Side. Vaist 147 110 80 60 240 182 40
Jumper  |Cuff Vrist 27 | 20 7 5 | 53 | 40 | 84
Velt Neck 13 10 7 <] 27 20 79
Socks Front Shin 80 60 13 10 | 160 |[120 73
Side. Calf 93 49 29 15 10} £2 47

The pressure exerted by bra elastic was surprisingly high, the straps often
caused red pfessure marks on the skin, but they were not said to be
unconfortable. Underskirts and tights also produced pressure marks under
the waistband, but only one wearer commented on discomfort ¥, Womens
5riefs, underskirts and tights all gave higher readings at the side of the
. body than at the front due to the body's approximate kidney shape.

3 She was wearing & new pair of tights with a wide elastic waistband, Originally the band
gave a high reading because it vas folded over, however, when the elastic was siraightened
the readings were similar to that of other women, This is an important design feature, If
the elastic is wide (approximately | cm or above), its extensibility should be high at low
loads so that the wearer is not uncomfortable it it curls over,

In this wearer trial the side of the body experienced approximately 50 per
cent more pressure than the front. It was not 3% times the front pressure,

as found by Denton, or 4 times as found by the author for a solid model,
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This is because the body deforms when under pressure at the waist by
becoming more circular in cross section, and in effect it redistributes the

lcad' more evenly than if it was or assumed to be a solid model.

One wearer said that his jeans were restricting and tight. He wore them as
a fashion garment and did not consider that they were so uncomfortable
that he avoided wearing them. Unfortunately it was not possible to measure
the pressure at the tightest areas (hip, thigh and crutch) because it was
out of the range of the transducer (5400 cK/cm®, 300._mnHg).

The knitted welts at the neck and cuff of jumpers exerted a very low

pressure. Shirt collars also gave low readings; however discomfort due to

scratchiness was mentioned frequently.
6.2.2 Yearer Trial.

The complexity of a subjective investigation of this type led the author to
consider and study one area of the body which frequently experiences bhigh
pressures due to local fit, the waist. A wearer trial was designed to
determine the discomfort threshold at the waist for an elastic band. The
elastic used was 1.9 cm wide brief elastic. It was selected because it was
not too thin so that it would 'cut into' the wearer, and not too thick so
that it would curl over too readily during wear (which would exert a high
pressure) and act like a thin elastic. It had a relatively high

extensibility and it was a standard widtbh sold in haberdashery shops for
briefs.

Each su_bject in tl}e trial was issued with an elastic belt which fastened
with a metal tooth buckle. The elastic had lines drawn on it at 2.5 cm
intervals. These l_ines were letter coded so that wearers would feel less
self concious about revealing their waist measurements, and in addition, the
wearer was told that all the results from this trial would be 2nonymous.
Initially wearjeré were asked to put the belt on next to their skin, to
adjust the belt until the elastic was unstretched but a close fit, then
fasten the buckl_e one line tighter on the elastic. From the first wearing

the waist size of the subject was deduced, that is, the belt size worn minus
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25 cm. The teeth of the buckle were Placed so that they coincided exactly
with the line on the elastic, and the buckle was worn where it was most
comfortable to the wearer. The subjects were asked to wear the belt for at
least half a day, preferably a full warking day. If they did wear the belt
for half a day they were asked to wait at least ane hour before wearing the
belt again so that their body could re~equilibrate. After wearing the belt,
the subject filled in a questionnaire describing the comfort of the belt
during the different activities of the day. This trial was continued until
the wearer felt uncomfortable wearing the belt. The questionnaire used
during this trial is shown in table 6.2.

The wearer trial was carried out by seixteen members of the Shirley
Institute staff (14 men and 2 women) who varied in age and stature. Men
were mare willing to volunteer for this trial and this is thought to be
because women are more modest about their waist measurements; however the
men were also concious about revealing their measurements. The majority of
subjects wore their belt for a full working day, only when the belt became

unconfortable did the wearer remove the belt earlier.

Before the trial, the load-elongation curve for a 10 cm sample of the
elastic was measured using the Instron Tensile Tester. The reduction in the
width of the elastic as it was extended was also noted so that the pressure
(c¥/cm®) could be calculated at a certain extensiaon (pressure = load/area).

The graphs refering to these measurements are shown in figure 6.1,

The changes in the load exerted by the elastic before and after flexing
(which 1s commonly considered in the design of foundation wear) was not
taken into account in this trial. This is because the elastic would be worn
a maximum of 15 times, and the difference in the character of the elastic
during this time was considered to be minimal.
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Jable 6.2 Local Fit Discomfort Threshold Questignpaire.
Subject number
Belt code

Fumber of hours you wore the belt
Did you wear the belt during a meal? Yes/No

Activity All the|Standing|Sitting|During a|After a|Exercising

Sensation ¢ time meal neal & bending

1

L Tog loose |
perfect fit i f
Very slightly {
tight
Slightly
unconfortable

| Uncomfortable
Very

uncomfortable

| Unbearahle

PLEASE TICK
Fote: I1f the Dbelt was comfortable all the
! t
activities you did whilst wearing the belt. tne Pplease tick the

Vhere was the discomfort?
Sides

Front
A1l around the waist

Do you have any other comments?

Vben you have worn all the belt sizes to be
threshold please complete this section: yond your discomfort

Vhich size or sizes of belt would'you be happy wearing?

Wvbich size or sizes of belt do you consider f
discomfort due to tight £it? orm the threshold for

Vhich size or sizes of belt do you consider are too loose?
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Figure 6.1
Loag-extansien curve of trial glastic 1 Width of the elastic with axtensinn

10001 2 " Trial elastic
1 ¥
0 i
3 500 — d 1 -
q t

h Thin brief elastic
(cN) {cm)
¢ 50 108 9 59 100
Percent extension Percent extension

The original waist size of the wearer was used in the calculation of
extension, with the assumption that it did not vary as the belt got tighter,
the belt did not curl widthways and the waist was circular in cross-
section. The extension of the belt in the trial was compared with the
load-extension curve (calculated from the load-elongation curve), and the
tension in the elastic was deduced. The pPressure exerted on the body by a

waistband is:

Pressure = _Tension in the elastie Equation 6.1

Circﬁmferer\ce ©0f the waist x Vidth of the elastic

The area of the belt was calculated taking into account the widthways
sbrinkage of the elastic, and hence the pressure was deduced. For example,
if the waist size is 100 cm (radius of 15.9 cm) and the belt is originally
75'cm 'long, the belt is being extended 30 per cent. At 30 per cent
extension the force exerted by the belt is 550 cf (as read from the graph).

The width of the elastic is 1.9 cm. Therefore the pressure is (550 /7 (15.9 x
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1.9)) 18.2 cH/cm® if the body is assumed to be circular in cross-section.
This average pressure value 1s used as an indication of the pressure
exerted arcund the waist. The results of this trial are summarised in table

6.3 according ta the camfort/discomfort of the wearer.

Table 6.3 The relationship of the extension load and discomfort of the

wearer.
Subject |Waist| Physique Tao logse Good fit Qiscomfart threshold
nunper lsize [(morphology) | E P £ P £ + P
{cm) A eN/en3 4 c/cn? 4 LN/om?
[ 31 {Ectomarpn 2,5 & 5.8 1 .8 20
2% 74 [Ectomorph 4 R 7.5-19 19-18,9 21 22
3% 147 [Endomorph 2.5-11,51 §-12 14-21 13-15 23.9 16,8
4% 53 |Ectomorph 9 ? 3-11 9-18 14,5 20,5
5% 54 |Ectomarph ¢ 12 4-3 12-17 8 17,5
§% |87 |Endo/meso | 3-6.5 | 6.5-12 | 14,5-17,8| 1617 | 26,5 | 2
7% 87 | Enda/neso # ) 3 6.9 5.8 1 12
3 &t 94 | Endomorsh 2,5 3.8 §,5 1§ 18,5 21,9
3 12X 79 | Ectomarph ] ] 3.5 14,8 6,5 21,5
19 %% 92 | Endo/measo 2,5-8 9-18 11,5-19 19-22.% 27.5 24,5
(R & 83 | Ectomorph 9 ? 3 13 14,8 7
12 4% 39 | Endomarph ? # 5.5 18 H 2%
13 %% 77 | Ectamarph 3.5 15 3.9 15 7 29
T4 % 77 | Ectomorph 3.8 8 3.5 3 20,5 29,5
15 %% 83 | Mesomarph 9 9 5.5 18,9 9.8 18,8
16 ¥} 29 | Ecta/mage U] 9 g.8-11 16-28 lL 29
Hean 5.1 13,8 20,1
S0 (n-1) - 5.9 33 32
Wher2' € = Percentage exiansion of the beli,
P = Average pressure exerted by the belt per ca®, (The mean was calculated using
the lowest value if a range of pressures was indicated,
$ =

Elastic batch 1, 2% = Elastic batch 2 (they have different load-slongatioen

turves because they were obtained from different sources),
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It was not possible to measure the pressure (using the transducer) under
the belts during the trial because it was difficult to locate the subjects
and to arrange a common time to meet. The waist size of the subjects was
taken from the questionnaires and was assumed to be standard throughout
the trial because it tock less than one month to complete. Ideally skin fold
calipers that measure the percentage fat on the body would have been used.
The calipers measure the thickness of the skin/fat at various sites on the
body and the overall percentage fat 1is deduced from these measurements.
Skin fold calipers were not available, but the wearers would have been
unlikely to comsent to this test even if they were. Nevertheless the

physique of the wearers was well defined and is summarised in table 6.3.

Some of the problems encountered in this wearer trial were inevitable, the
elastic did fold over width~ways with increased stretching, therefore
concentrating the load. The buckle itself also caused a lot of discomfort,
but the wearers did say that they could exclude this discomfort when
assessing the belt.

The separation of tbe results into groups to establish the relationship
between the physique and activity of the wearer to their discomfort
threshold showed no real trends. Statistical analysis of the relationships
between the discomiort threshold for {hese groups is of limited

significance due to the low numbers of people included in this trial.

Overall, the pressure range Ior the belt being too loose or comfortable
chowed a surprisingly semall spread in the values, considering the
subjective nature of the investigation. A very narrow range of pressures
indicative of the discomfort threshold for the waist was found, with a mean
value of 2©.1 cN/cm® (with a standard deviation (n-1) of 3.3). This
pressure was consistent between the wearers of differing physique and is
cbnsidered to be an accurate value of the threshold for discomfort for the
population. This pressure is lower than the pressures suggested by the
-Ipstitut Textil de France, Denton and Johansson for comfort (31 cN/cm=, 51-
71 cN/cm= an_d 26 cN/cm® respectively). Different areas of the body will
undoubtedly Dave different discomfort thresholds <to pressure due to
diﬁerences in the physiclogy of the area. At the waist it is unlikely that
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impedence of the blood flow will be major facter determining the discomfort
because the major blood vessels are protected by the spine and would not be
compressed by a belt. 'The compression of the intestine is likely to be the
main cause of the discomfort threshold. The results of the local fit wearer

trial for the waist indicate that a pressure of between 10 and 15 cK/cm?* is

recomnmended for comfort arcund the waist.

This discomfort threshold can be used as a guide in garment manufacture.
For a certain size range a local fitting band can be tested or
predetermined so that comfort can be more accurately predicted. Test
methods to measure the pressure exerted by a local fitting area are

proposed in section 6.3.

6.3 Test Methods to Measure Local Fit Comfort.

There are two main reasons for testing a local fi‘ttin‘g area for its comfort
" in wear. First it is necessary to determine if the local fitting areas of an
existing garment will be comfortable for the size range for which it is
intended. Second, a method to test an elastic before it is used in garment
manufacture is needed so that tbe amount of elastic required for comfort at
a local fitting area can be predetermiped. Two ways in which the comfort of

a local fitting area can be measured are suggested below.
6.3.1 Adaptation of a British Standard Test Method.

The British Standard stretch and recovery methad (BS4294: 1882) for an
elastic band uses tbe Instron Tensile Tester to extend and relax a strip of
elastic between its jaws. The force needed to extend a 10 cm strip of
elagtic is measured by the load cell in the instrument and recarded onto
graph paper. In addition to this' standard, the change in width of the
elastic at a range of extensions is also noted. For a certain load, elastic
width and body radius‘ (corresponding to 10 to 15 cN/cm® pressure for a
' band going around the waist), the percentage extension of the elastic can
be calculated from the graph using equation 6.1. This extension value can be

used as a guide in the manufacture of garments for a particular size range.
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This method was used for the wearer trial described above. The method is
quick and easy, bowever it does restrict the width-ways shrinkage of the
elastic as the extension increases. This is because the jaws of the Instron
clamp the specimen at its original width. It also requires that the local
fitting area is cut out of a garment and so the effects of stiiching may be
lost due to slippage through the jaws of the Instron.

3.2 New Test Xethod.

To measure the performance of an extendable local fitting area in a made-up
garment, taking into account the effects of stitching, elastic width-ways
reduction and fabric extension on the restriction of elasticated bands, a
simple, easy to use attachment for the Instron Tensile Tester was designed.
The attachment consists of two stainless steel horizontal hooks, one of
which fits into the cross-head of the Instron, the other into the C load
cell fitting (range @ to 5002 cN), as shown in figure 6.2. The hooks are
tapered so that they bave one 2mm wide edge touching the test band.

The band to be tested should be cut out of the garment so that none of the
stitching holding the band in place is cut, but so that excess fabric is
kept to a minimum. The band to be tested is placed on the hooks so that
its centre is in line with the line of force, but it is in a relaxed state.
The load cell of the Instron is zeroed so that the weight of the band is
eliminated from the test results. The hooks are then slowly moved apart
until a load is noted on the chart paper and the hooks are stopped. A clip
is then placed at either edge of the band to prevent slippage during the
test. The distance between the load-bearing edges of the hooks is measured
énd this is recorded as half the original test length. The test is ready to
‘-oegin. The jaws of the Instron are moved apart at 12.5 cm/minute until a
load of 1000g is reached (1o ensure that it is beyond the discomfort
threshold), the cross-head will be' programmed to automatically stop at this
load. At tbe same time the force needed to extend the band is recorded on
the cbart recorder of the instrument and the distance travelled by the
cfoés;head is Also deduced from the chart paper. The width of the load-
beéring band may be difficult to measure accurately without disrupting the
test. In this case the band should be tested again and the width of the
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band recorded at set intervals. The pressure for a specific waist size and
band size is calculated as for the first test method described using
equation 6.1. ‘

The results of this test are a more realistic measure of the performance
of a garment in wear than the British Standard extension method and

thereforé it is considered superior for this end-use.

6.4 Conclusions,

The comfort of local fitting areas is a very important factor which should
be considered by both garment designers and consumers because it can
induce or inhibit other discomfort sensations, or it can be uncomfortable,
painful and restricting. The fit of a garment is an objective and subjective
property, where differences in the results between wearers would be
expected. However the wearer trial determined the threshold for discomfort
where very little sprsad between subjects was observed. The discomfort
threshold for the waist was 20 cN/cm® and the comfortable region was 10-15
ci/cm®. The main factor determining the discomfort threshold in this case
is taken to be the compression of the internal eorgans (intestine) and not
the restriction of blood flow which has been suggested by other researchers
for different areas of the body or the body in general. The discomfort
threshold pressure is comparable with the cne suggested Roth and Siergert
and Unnerichbt, which indicates the large influence of the flow of body
fluids op the discomfort.

Two test procedures were suggested for the analysis of extendable local
fitting areas. Both of the tests are simple and easy to use on standard
textile test laboratory equipment. They are both capable of indicating the
range of waist sizes that a length of an elasticated band can be used for
comfort. One test is most suited to evaluating elastic before it is in the
garment and the second test is more versatile, because it can test
extendable bands before manufacture or after the garment has been made up,

therefore taking stitching and fabric extension into account.
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YET CLING,

Sweating 1s a vital bodily function which is used to regulate the
temperature of the body within its parrow limits of thermal functioning. In
a temperate climate sweat loss amounts to approximately 1% litres per day.
Such fluid loss is inescapable because sweat formation is man's only means
of keeping cool. Varm climates, high activity levels and stress are the
main factors which cause an increase in sweating, and the ability of a
garment to allow maximum sweat evaporation is important to keep the body
cool. If the garment does not allow the sweat to evaporate quickly enough,
or if the sweat rate is too high for all the sweat to be evaporated, the
garment will become wet and it will cling to the body, a condition known as

wet cling. This wet cling can cause the wearer to feel discomfort.

Most of the research that bas been carried out on garment comfort has
concentrated on thermo-physiological aspects, and much is known about
~mois‘cure transport through a fabric or garment assembly, but less known
about wet cling. Nevertheless, there is confusion between researchers as to
the benefits of an absorbent or a non-absorbent fibre for comfort. Vet
_’cling is a well known, discomfort sensation, but so far no research has
been conductéd to determine how much influence wet cling has on the overall
comfort of the wearer when other sensations are present. In this chapter a
range of fadbrics and fibres are studied to determine which are the most
comfortable to wear in warm weather and during exercise. The reasons why
the f&brics. bave these properties in terms of the frequency, severity and
the mechanics of wet cling in-wear are investigated. These properties are
used in the development of test equipment to rank fabrics for wet cling
discomfort. Finally, the attitude of the gemeral public to a garments

role in the determination of sweat regulation is evaluated.
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7.1 Sweating.,

Vet cling is produced w‘hen sweat is present and it causes the fabric to
cling to the skin. The rate at which the body sweats under different
conditions and the quantity of sweat produced will influence the amount of
discomfart felt. These factors are assessed in connection with the potential

activities and situations where wet cling may be experienced.

7.1 Quantity of Sweat.

There are twc ways in which the skin perspires:

1) Insensible perspiration due to fluid loss through the skin (mot through
sweat - glands), which occurs continuously. Newburgh (1968) deduced an
approximate value for insensible perspiration to be 16 g/m* of the body
surface per hour. This is very low and no discomfort due to wet cling

would be produced from this small amount of moisture.

2) Sensible perspiration due to sweat loss through glands in the skin. The
amount of sweat produced wvaries = greatly, depending on certain
conditions, for example, the level of phy'sical activity, ambient
temperature and psychological stress. This type of perspiration is
widely accepted as being the cause of wet cling discomfort because sweat
production is many times greater than insensible perspiration. For
instance, a man' walking at a moderate speed in a temperature of 23°C
perspires at airate of 120-200g/m=.hr. As stated above, this is a well
researched area and comfort charts have been produced by, far example,
ASHRAE (MacPhee, 1965-6) and the Hobenstein Institute (1983). They act
as a guide to the prediction of the comfort of a person within different
enviroﬁ;nents and activity levels, the latter of which enables different

garment assemblies to be assessed.

The work of Veiner (1945) and Suzuki (1983) indentified the torso as the
area of the body that sweats the most. In particular the area over the
sternum and the spine. The torso 1s usually clothed and therefore it has
the potential of being the most likely area of the body to experience wet
cling discomfort.
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7,12 Surface Tensign af Sweat,

Sweat glands are present over the entire surface of the body. The secretion
is a dilute fluid of many constituents. Some of the most common are salts,

products of muscle action, acids and lipids.

An indication of the order of magnitude of the surface tension of sweat was
obtained in order to examine its ability to aid in the resistance of a
fabric to peel away from the body when there is a la);er of sweat between
them. This was achieved when two male members of the Shirley Institute
staff collected their sweat in a glass tube for apalysis. One man collected
his sweat after a hot bath and the other after a jog. The sweat was cloudy,
and this was attributed to the presence 0f dead skin cells (which could be
seen under the microscope) and to a lesser extent the lipids in the sweat.
The surface tension of the sweat was measured using equipment designed at
the Shirley Institute by E.J. Lord (1969). The results were 34.9 x 10” K/m
and 33.5 x 107 N/m respectively. Therefore the force needed to pull a fabric
away from the skin normally to the surface and to overcome the surface

tension when a layer of sweat is between them is very large.

7.1.3 Rate of Sweating.

The rate of sweating is influenced by many factors, it increases with(fourtand
Hﬂlu)"sﬁ)i:gher ambient temperatures.

2) Increased work rate.

3) Increased body weight (surface area).

4) Being in the sun rather than the shade.

5) Being nude rather than clothed.

6) Disease can increase or decrease sweating.

People in hot and very cold climates become heat acclimatised, eitber due to
the warm ambient or the warm micro-climate inside their ¢lotbhing. Heat
acclimatised iaeople sweat earligi‘ and more profusely than others. It is also
generally believed that athdetés are heat acclimatised, and this is because
the body anticipates its requirements for keeping cool. Therefore, these
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people have the capacity to experience wet cling more frequently than
people that are not heat. acclimatised.

The Hohenstein Institute (Germany) carried out a study on the thermo-
physiological aspects of clothing comfort for the E.E.C. under the same
research programme as this project. They are considered to be the most
advanced in  their predictive techniques for determining  thermo-
physiological garment comfort. They produced a series of equations +to
predict thermo-physiological comfort of a fabric ar a ‘garment assembly for
different ambients and activity levels. The fabric(s) or garment(s) was
tested on a heated manikin and/or a specially designed sweating hot plate
and the results were used in the equations. They found that wet cling was
reduced by a hairy fabric surface (due to a reduction in fabric:skin contact
area), and that the hairiness could be linked to the discomfort due to wet
cling. They characterized a dairy fabric surface by the number and length

of bhairs.

The work of many otber researchers was of value in assessing the results
of the main wearer trial questionnaires. The presence of discomfort due to
sweat was evaluated in terms of its influence on other sensations, itg

frequency, severity and reasons for its occurence,

7.2 Ihs_xnin_iea:e:.Ixial‘

Vhilst the main wearer +trial was being conducted, the weather in the
Yanchester area (where the subjects were wearing their garments) was
unusually warm. The maximum temperature between 0900-2100 hours was above

20°C for over half the duration of the trial (see figure 4.1), During this
| time, 12 out of the 22 trial garments were issued and worn. These were
garment numbers 1,2,4,7,5,8,15,16,17,18,19 and 20 (see table 1, appendix 1
for fabric details). In addition, between five and ten subjects did
strenuous - exercise whilst wearing their trial garments. Therefore, thege
were suitable conditions for assessing wet cling,
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Table 7.1 shows the percentage of the wearers in the main wearer trial that
experienced clamminess when they sweated in each of their wearer trial
garments. It also includes the wearer's assessment of the speed at which
the fabrics dried once they had been wet,

Table 7.1 Ihe per cent of wearers in_the main wearer trial that felt
Sﬁﬁuiﬁmma_tﬂ_&lﬁmmmgss_ﬁnuhe_pemeived drying rate of the

fabrics.

Fabric | % who % felt clammy Drying properties of the fabric
pumber ! sweated | & sweated ME __Slow. WO Q Imm Ny
1 55 36 10 5 52 14 5 14
2 43 28 11 18 18 18 11 24
3 15 0 33 0 17 17 0 33
4 50 15 10 10 15 25 10 25
5 25 0 20 0 40 30 10 0
6 28 9 18 9 9 36 0 27
7 30 17 17 7 42 17 0 17
8 38 7 20 20 13 20 7 20
9 36 28 18 27 46 0 0 9
10 38 13 13 0 53 7 7 20
11 25 0 0 40 50 0 0 10
12 20 20 20 10 60 0 0 10
i3 33 30 17 8 50 17 0 8
14 44 40 12 0 38 31 0 19
15 53 38 10 23 10 0 0 57
16 25 10 0 0 0 0 0 100
17 8 0 0 0 0 0 0 100
18 33 23 22 0 45 0 0 33
19 45 28 22 11 11 0 0 56
20 33 31 15 15 23 32 0 15
21 33 25 20 10 0 40 0 30
22 38 20 25 25 0 0 0 50

Note: ©NAA = Not at all;, M¥Q = Moderately quickly, Q = Quickly, Imm =
Immediately, EW = The fabric was not wet.

Overall, ten times more subjects said that they felt damp or sticky rather
than wet or very wet during all three levels of activity (appendix 1, table
15). Many wearers said that the discomfort produced by their sticky or
damp skin was more uncomfortable than when their skin was wet. It is
therefore a very important sensation. This discomfort sensation had not

been documented by past researchers, and it was termed "tacky cling",

Tacky cling was experienced when the skin was damp; usually after a person

bhad been sweating for a long period, for instance, after a hot day in the
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office. In this situation, a build-up of the constituents of sweat and sebum

would be deposited on the skin and kept damp by the sweat. This produced
an adhesive skin surface.

The fabric weakly adheres to the skin in this situation (from discussions
with the wearer trial subjects), therefare it frequently releases when there
is body mnovement. The subject's comments indicated that when the fabric
releases aor contacts the skin, they notice the change in conditions (on
their skin), and discomfort is experienced. It was also noted that wet cling
discomfort was said to be registered when ihe fabric released from their
body. Vet cling was most noticable when the body was moderately sweaty.
This would produce a similar adhesive surface to the skin to the one that
produces tacky cling discomfort. In tbis situation the fabric will be less

firmly adhered to the skin surface than if the person was saturated in

sweat.

A wide range of fibre and fabric types were included in the main wearer
trial. It was noted from the comments and answers to the questionnaire
(summarised in table 13, appendix 1) that fabric 15, a lambswool/angora
blend, made the wearers feel wetter than the othe.r fabrice during strenuous
activity. To determine the reasons for this observation, the influence of
the hygroscopic properties of fibres and the structure of the main vearer
trial fabrics were assessed by routine test procedures. They were tested
for static immersicn, water retention, water vapour resistance, surface
drag, wicking, bending length, moisture content and moisture regain. The
results are shown in table 2, appendix 1. During the static immersion tests
on fabric 15, it was noted that it did not fully wet out like the other
fabrics. After the test the fabric was observed under the microscope along
with a selection of the otber wearer +4rial fabrics. It was seen that the
water was present as droplets on the surface of fabric 15, whereas it had
been absorbed by the other ‘fabrics. This difference is likely to be due to
the bigh level of patural oils found on woollen fibres (which are present
in fabric 15) which prevent water absorption. In addition the hairy fabric
surface will restrict the passage of water into the main body of the
fabric, thereby making the fabric surface wetter.
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In the literature there are conflicting views on the benefits of a double-

sided fabric with either a hydrophilic or a bydrophobic fibre on the inside
surface. This was investigated in the main wearer trial with fabric 9; it
had polyester on one side and viscose on the other. The subjects were asked
to wear the garment the right way out (viscose inside) and then inside out
(polyester inside). The results showed that there were no differences in the

perception of fabric wetness between wearing either of the two fibre types
next to the skin during any activity level.

To obtain more information on the influence of the fibre and fabric
properties on wet cling a specific wearer trial was designed. It included a
range of fabrics specifically made from a hydrophilic and a bhydrophobic
fibre in different fabric comstructions. The trial was designed to assess

four specific factors thought to influence wet cling and tacky cling.

7.3 Specific Vet Cling Vearer Trial.

Four main features of a fabric were identified  as potentially having a

large influence on the presence of wet and tacky cling. These are:

1) The hygroscopic nature of the fibre type.

2) The weight and tbe drape of the fabric when dry and wet.

3) The fabric structure, both in terms of contact surface area with the
.skin and the transport of sweat. ‘

4) The use of a hydrophilit and a hydrophobic fibre in a double-sided
fabric construction (to transport sweat away from the skin).

They were studied in a specific wearer trial to establish their effects.

7.3.1 Yearer Irial Fabrics.

Four sets of knitted fabrics (11 fabrics in total) were made for the wearer
trial by I.C.I. Fibres Ltd.. The fabrics are described in table 7.2 below.
Cotton was chosen as a typical absorbent fibre and a texturized nylon,
Tactel _(bright, textured pnylon type K000) was chosen as a typical non-

absorbent fibre.
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Set | Feature | Fabric| Fabric structure Fibre composition Veight
o, | npumber ' relative |
1 | Fibre V1 Plain interlock 100% cotton
type ve Plain interlock 50/50 cotton/Tactel
v3 Plain interlock 100% Tactel
2 | Fabric V2 Plain interlock 50/50 cotton/Tactel | Light
weight v3 Plain interlock 100% Tactel Light
(drape) V4 Plain interlock 50/50 cotton/Tactel Heavy
V5 Plain interlock 100% Tactel Heavy
3 | Fabric V5 Plain interlock 100% Tactel
structure| V6 ¥ock eyelet 100% Tactel
v7 Brushed interlock | 100% Tactel
Vi1 Single jersey tuck| 100% Tactel
4 | Fibre v8 Single jersey tuck| 100% Tactel Heavy
property| V9 Single jersey tuck| 50/50 cotton #/Tactel
vio Single jersey tuck| 50/50 cotton/Tactel *
vil Single jersey tuck| 100% Tactel Light

Note: *# = Fibre wora next to the skin, on the inside surface of the fabric.

The fabrics in set 4 were single jersey tuck fabrics. They had a smooth
Xnitted surface on the outside and a honeycomb surface on the inside. When
these fabrics were made from both cotton and Tactel, one fibre was on the
gmooth surface and the other on the honeycomb; that is, fabdbric V9 bhad

cotton on the inside face and fabric V10 had cotton on the ocutside face.

All the fabrics were assessed for a range of standard routine fabric tests
and the results are shown in table 7.3 below.

Two of the main factors noted from the test results were:
i) The fabrics covered a wide range of abilities to absorb water.
2) The rigidity of the fabrics was reduced by the presence of water. In

) particular fabric V8, where its rigidity decreased four times from its dry
test result.
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Fabric | Weight|Valeg|Courses j Static |[Moisture Moisture|Vaier Rending lengih
numbar | g/m* | /ca | /cm immersionfcontent | reqain {reten-| dry wet
tian

1 S0 A b4 i < %
' warplveft | varp{weft
W 159.6 |180,01 150,0 2,25 ,06] §,87 7,38 | 2,28 |1,5310.81]1,04)0,69
w2 139,0 |1685,01 181,7 12,27 061 4,74 4,98 | 2,27 {1,0410,75]0,94{0,64
¥ 146,4 |170,0] 218,3 | 1,16 ,16] 3,79 3,02 § 1,16 §1,1710,73]0,76i0,84
' 157,5 |145,0) 179,3 [ 0,85 ,03] 4.26 4,45 | 0,65 [0,87|1,22¢0,7011,06
'H] 186.4 [163,3( 198,3 (0,92 ,I6{ 2,88 3,02 ) 0,92 |1,19)1,0211.1210,80
We 1 182.0 1121,7) 136,7 | 1,36 04} 3,15 3.28 1,36 {0,8710,87{0,74{0.62
V7 {178.4 [171,7] 101,7 | 1,23 ,371 3,02 312 ] 1,23 j1,49)1,18)1,14;0,87
s 262,0 |101,7) 161,7 | 1,10 ,2%¢f 3,17 3,28 1,09 |1,08(0,93|0,25{0,21
V9 185,3 (108,3] 153,3 | 1,82 ,13] 3,14 4,29 | 1,82 |1,06{1,12]0,86(0,97
W10 j191,6 ;110,07 186,7 { 1,51 ,03] 5,23 §,52 | 1,50 {1,3841,0610,86{1,1§
it 7,7 (110,01 176,7 | 0,26 06| 3,14 3,24 | 0,25 }1,0771,060,94(0,85

The bending length of the fabrics was tested dry and wet, The fabrics were thoroughly watted
and then spun for 3 seconds in a centrifuge, The watar contents varied between the fabrics,
but the capacity for holding water in-wear was simulated,

The work of past researchers identified two main situations where wet cling
discomfort is experienced: a warm/hot climate or during high levels of
activity. 4 hot or warm climate is a situation specific to certain times of
the year or certain areas of the World. In Great Britain, a hot chamber
would be required for wet cling evaluation, but this proved to be too
expensive to hire for this project. Nevertheless, there 1s an increasing
interest from sportsmen aﬁd women in the performance of their clothing.
Kost research so far has been carried out in this area and therefore it was
chosen for this trial. During this investigation it was assumed that the
same factars producing wet cling discomfort in hot weather will apply ta
the wet cling produced during strenuous activity.

To aobtain as many subjects as possible, the people involved in the trial
were Shirley Institute staff and friends of the staff. There were 10
subjects in total (4 women, 6 men) and each person regularly did a
strenuous activity sport. All these subjegts assessed the fabrics in set 4,

and the other sets were assessed by one man and one woman. The fabrics
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were made into short sleeved tee-shirts specifically for each wearer. The
garments were issued in sets, and the subjects were asked to wear each
garment twice, once before and once after washing it. The garments were
washed at the Shirley Institute (and occasionally at home by the subjects)
using Home Laundering Consultative Council (HLCC) wash code 6 and Persil
automatic washing powder. All the garments were line dried. After each
wearing the subjects completed a questionnaire designed to assess the type
of discomfort being felt. Once all the garments within a set had been worn,
a second questionnaire was completed. This enabled the subject to put the
fabrics in order of wet cling comfort within the set. These questionnaires
are shown in table 7.4 and 7.5,

The answers to questionnaire 1 for the fabrics in set 4 are shown in detail
in table 1, appendix 3. The order in which the fabrics were ranked for
comfort within a set is shown in table 7.6.

The results in table 7.6 show that in set 1, fabri¢ V3, a 100 per cent
pylon fabric was prefered to fabric V2, a cotton/nylon blend which was
;irefered to fabric V1, a 100 per cent cotton fabric. The cotton blend
fabrics also performed badly against the 100 per cent nylon fabrics. The

fabrics in set 2 were seen to be more uncomfortable if they were heavy, and
the presence of cotton made the fabric less comfortabie.

The fabrics in set 3 were included to observe the effect of fabric
structure on confort. The brushed interlock was the most prefered fabric,
followed by the plain interlock. The mock eyelet and the single-jersey tuck
fabrics were least liked. These resultsvwere surprising because the plain
interlock fabric was not expected to be so0 highly favoured due to its high
contact area with the skin in comparison to the other fabrics in the set.
The results infer that a bairy surface is the most effective fabric surface
at reducing wet cling discomfort.
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UESTIONNAIRE 1
Table 7.4 . 2

SPORTSHIRT WEARER TRIAL {(SHIRLEY INSTITUTE)

Tick where appropriate

Fill in one questionnaire per wearing

. Subject No. Name . Garment/Set No.

1. Which activity did you do?

Jogging Squash l | Badminton Keep-Fit
e

Weight Training Other (please sgpecify)

2. No.'of spare inches of double fabric on each side of your ribs

L,u i 1|’N ' A ZH" 3" 3"+ .

3. Whilst exercising did you wear additional clothing?

] )
a) Under the tee-shirt YES | ! NO

[ E————

If 'YES' please specify

fibre content if known

b)_ On top of the tee-ghirt YES NO

If 'YES' please specify garment

fibre content if known

c) Did you wear the additional clothing all the time

L]

some of the time

4. Was the tee-shirt tucked in? YES NO




a)

b)

10.

How sweaty did you get?

Damp

Wet Dripping Wet

Did the fabric soak up your perspiration?

YES [:::}

_If 'YES' was the

Immediate

NO I

uptake of sweat

Moderately
Quick

Slow

Nil
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pia the fabric cling to your body because either the fabric, you or

both were wet?

YES

NO

If °'YES', press the fabric against your stomach at the end of your
then pull the fabric off from your skin.

sports session,
clinging force:-

Strong

fr——

Moderately Strong Weak

I

Was the

At the end of your sports session feel the inside and outside surfaces

of the fabric, was there any differences in wettedness?

Wetter on inside

Wetter on ocutside

Both the same

puring your exercising did you notice the fabric releasing and then
reclinging to your body? ‘

Often

Sometimes

Not really

pid you feel uncomfortable due to the wet fabric?

Yes definitely

Sometimes

Never

Not really

No




1.

o7

When you stopped exercising did you feel chilly?

YES NO

If 'YES' were you:-

a) Outside or in a draft sat inside

b) Were you wearing additional clothing YES No

If YES please specify

12. Overall impression of the fabric, how would you rate this fabric out
of 5 points for the following {(circle the number)
Very Good Good Moderate Poor Very poor
overall comfort 1 2 L 4 5
Wet cling comfort 1 2 3 4 5
Post-exercise chill 1 2 3 4 5

Do you have any other comments on the comfort/discomfort of the
fabric/garment?

Please return this questionnaire to Julia Smith at the Shirley Institute.
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Iable 7.5 QUESTIONNAIRE 2
Overall impression of the garments within a set.

Fill in this gquestionnaire after wearing all the garments in your set.

subject No. Name Set No.

How would you rank the fabrics? (Put garment nos in order of preference)
(they can be equal).

BEST » WORST
| 4

Circle the fabrics you would prefer not to wear for strenuous activity and
also underline any you have a strong objection to

Do you have any additional comments?

Please return to Julia Smith Shirley Institute.
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| Assessor 9 1 2 3 4 5 6 7 8 9 10 Average | Rank
Set |Fabric [ Fibre | rank arder
numper |1C I N

Vi ]
w2 +
¥3
V2 *
v3
V4 *
\is]
V5
w6
v7
Vil
V8
V9 . +
V10 +
Vil
Note: 1 = best, 4 = warst.

Fibre C = cotton, fibre ¥ = nylon.
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From the routine test results (shown in table 7.3)  the plain interlock
fabric was found to retain a higher percentage of water than the ornate
fabrics, and the force needed to release the wetter fabric during wear
would therefore be higher. The mock eyelet fabric (¥6) had a low bending
rigidity. This would produce more contact points between the skin and
fabric due ta its ease in folding. More individual areas of skin would be
stimulated when the fabric was released thereby increasing the discomfort.
The single-jersey tuck fabric retained approximately one fifth of the water
that the other fabrics retained. This would indicate that the wet cling
force would be weaker, and the wearer would then experience more discomfort
due to the fabric releasing from the skin,

In set 4 the cotto.n/nylon blends were found tao be more comfortable than the
100 per cent nylon fabrics. The results of questionnaire 1 for the fabrics
in set 4 are shown in table 1, appendix 3. Fabric V9, with the cotton next
to the skin, was found to produce less wet cling discomfort than fabric V10
with the nylon next to the skin (4 people instead of 12 respéctively
remarked on discomfort). Both fabrics were said to absorb sweat at
approximately equal rates, but the main difference would appear to be the
surface of the fabric that folt the wettest. QOverall, the wearers were



100

undecided for fabric V9, but for fabric V10 they thought that the outside
surface (cotton) was the wettest. This indicates that an absorbent fibre-
can be more comfortable than a non-absorbent fibre when it is worn next to
the skin and, when the fabric structure is ornate. This is due to a reduced
contact area.

Qverall, the discomfort of the fabrics in set 4 was not seen to differ in
terms of the rate of sweat absarption. Fabric V8 was seen to differ: from
the other fabrics because it had a stronmger wet cling force (force needed
to pull the fabric away from the skin), The wearers noticed wet cling mare
often whilst wearing the garment and more discomfort was felt due to paost-
exercise chill. This was attributed to it being a heavier fabric which could
hold more sweat than the other fabrice within the set, It would be more
likely to bang away from the skin and cool to the ambient témperature.
‘Therefore when the fabric did touch the skin it would feel cald and this
would increase any discomfort. The bellows motion of the garment would also
increase, thereby cooling the wearer which is a major factor in the
presence of post-exercise chill. This explanation was supported by the fact
that most subjects sald that fabric W8 (the heaviest fabric) had relatively
poar comfort ratings for post-exercise chill, wet cling and averall comfort
in compariscn to the other fabrics in set 4 (resulis are shown in table 1,
appendix 3).

733 XMajor Findings af the Xailn and Vet Cling Vearer Trials,

In the main wearer irial, wet cling was identified as a relatively minor
discomfort sensation which was nat comman ta everyday life. Tacky cling,
was more frequent and uncomfortable.

The wet cling wearer trial was designed to examine faur main factors which
were considered to effect the presence of wet or tacky cling. The major
findings for each factor are:

1) Fibre absorbency:

An absorbent fibre was found to be more uncomfortable in a fabric which
provides a high skin contact area, such as a plain interlock fabric.
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In a double-sided fabric, with an absorbent fabric on one side and a
non-absarbent fabric on the other, the absorbent fibre was more
comfortable worn next to the skin. This was observed when the contact
afea with the skin was low due to a honeycomb fabric construction.

2) Fabric weight and drape.

A heavy weight fabric is more uncomfortable than a light weight fabric
within the range of = 200g/m? to =« 300g/m2, The discomfort was
increased when an absorbent fibre was present in the fabric. The heavier
weight fabrics produced more post-exercise chill and general wearer
discomfort. This was attributed to the fabric hanging away from the
body, allowing both the_ fabric and the skin to cool.

’

3) Fabric construction.

A hairy fabric surface was found to be the most comfortable fabric:
surface. .This was attributed to the hairs acting like spacers and
reducing the contact area between the skin and the wet fabric, thereby
reducing the sensation of wetness and coldoess. The mock eyelet and
single-jersey tuck fabrics were found to be the least comfortable. This
was attributed to the weight 'and hence the drape of the fabrics, where
they were very limp and stiff respectively. These would allow cooling
and a high frequency of fabric:skin contact and release. The only
exception to a hairy fabric surface being the most comfortable was with
an extremely hairy fabric made from wool fibres which held the water on
the fabric surface (fabric 15 from the main wearer trial).

4) Fibre properties in double-sided fabrics.

The preéénce of an absorbent fibre in a double-sided fabric impraved the
comfort of the wearer, The most comfortable fabric had the absorbent
fibre next to the skin when the fabric construction on the inside
surface was ormate (a honeycomb). The most uncomfortable fabric was a
heavy fabric made from a non-absorbent fibre only.
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7.4 Public Opinion.

The ability of a fibre/fabric to keep a wearer warm in cold weather and/or
cool and dry in hot weather 1s a well used marketing ploy which the public
have - come to accept and require. Although it is well known that the
majority of the general public do not know the difference between the man-
made fibres, most of them have heard of the most common fibres. Therefore
they will have established an opinion as to the properties of these fibres,
both in terms of their performance and comfort, if only ta gfoup them all
as one. One of the main aims of the public questionnajre was to determine
the attitude of people towards the variocus apparel fibres and the
properties that are associated with them (the findings of the questionnaire
are discussed in chapter 5). In particular the fibres which are associated

with wet cling and perspiration comfort, and what the public want from a
fabric for situations when they are hot and sweating.

The interviewees were asked ta rank the sensations of wet cling, tight fit
and tickle in order of the most irritating, assuming & garment had all of
these properties. Vet cling was selected as being the least uncomfartable
by 66 per cent of the interviewees and only 9 per cent thought that it
would be the most annoying (table 15, appendix 2). The interviewees were
then asked to state which fibres they would chose to wear next to their
skin in hot and in cold weather, and the main reasons why they had made
their choice. The results are shown in appendix 2, tables 16 to 19. For hot
weather, 56 per cent of interviewees said that cooluness was their main
priority and absorbency was the second most important property, with 13
per cent of_ the votes. As expected, for cold weather, warmth was the main

requirement and absorbency was less important, being seventh ocut of 14
reasons, with just over 3 per cent of the votes.

Vhen the interviewees who played sport were asked to comment on the
fabrics they choose to wear during exercise and their reasons; coolness,
comfort and absarbency were all said to be highly desirable. Vet cling was

mentioned individually (unprompted) and the requirement far no wet cling
was seventh with 4 per cent of the votes.
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The women were asked about the discomfort of tights or stockings in haot
and cold weather. Many women said that in hot weather tights made them

sweat, that they caused irritation and rashes, and that they were generally
unhealthy due to the nylon fibre.

These answers to the questionnaire show that people are very aware of the

hygroscopic properties of fibres. Non-absorbent fibres were thought to be

unhealthy and people were aware of the ability of a fabric to cling to the
)

body when wet. Overall, the public indicated that they want a fibre which
can absorb their sweat but will not cling when wet.

7.5 The Factors Causing Yet and Tacky Cling.

Vet cling discomfort is only experienced when there is either sweat or
water present in a garment, and it is due to the fabric adhering and
releasing from the skin, There are two main forces which need. to be
overcome when a fabric releases from the skin. First the force needed to

drag the fabric over the skin and second the force needed to release the
fabric perpendicularly from the skin.

The force required to release a fabric normal to the skin will be a

combination of the following factors:

1) Surface tension of a layer of sweat between the skin and the fabric.
This will only be of impartance when the fabric and the skin are
saturated. It will decrease with a reduction in the quantity of sweat and
contact area between the two surfaces.

2) Adhesive skin surface produced by the presence of sweat residues and
sebum on the skin. This is usually associated with tacky cling.

3) Amount of sweat on the skin surface and in the fabric.

4) Fabric:skin surface contact area . This is dependent on the presence of

hairs, design of the garment, the body shape and location, and the
surface structure of the fabric.

All the above factors will gffect the forée required to slide a fabric over

the skin, however the coefficient of friction is likely ta be dominant
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in this case. This increases with increasing fabric speed, contact area,
and viscosity, and it decreases with load and excess sweat (Morton and.
Hearle, 1975).

These factars are discussed below in connection with the development of

test equipment to evaluate the wet cling discomfart of fabrics.
7.5.  Ihe Fricticnal Properties of ihe Skin.

The coefficlent of friction of the skin is known to increase as it becomes
damp, and then decrease as it becomes wet (Swallaw and Webd, 1972). The
coefficient of friction of thé arm was investigated in this project on the
arms of 4 men and 4 women. Two frictional methods were tried, the Capstan
method (see figure 7.1) and the inclired plane (when the angle of the arm
when the fabric just begins to move is measured). The arm was unsuitable
for testing the coefficient of friction by the inclined plane method because
the muscles in the arm produced an uneven surface, -which deflected the
fabric sample off the edge of the arm before the test was cc;mpleteQ

The forearm was chosen because it was easily accessible and it could be
assumed to be cylindrical (for the purposes of the Capstan method).
Therefare the coefficient of friction () of the arm was measured using the
Capstan method. The tests were carried out using a plain weave polyester
fabric sample which was draped over the arm, A stapdard weight was added
to each side of the fabric; on one side the weight was gradually increased
until tke fabric Just kept moving over the skin. This weight, T2 was noted
and substituted into equation 7.1. The Capstan method is illustrated in
figure 7.1,

Vhere 12 = e, KM
T1 e

E

Bquation 7.1
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The dorsal and volar surfaces of the forearm were neasured separately. The
bhairiness of the arm (dawny or coarse hair) and the direction in which the
bairs were lyipng in relation to the test were noted. All the tests were
carried out in a standard atmosphere of 20°C + 2°C and 65% RH % 2%. The

mean of the results for the four males and females are shown in table 7.7.

: Vith the hairs Against the hairs
Surface Volar Dorsal Volar Dorsal
Males . 078 0.74 0.79 0.79
Females 0.77 0.74 0.78 0.78

The coefficient of friction did not vary more than 0.2 between the women.
This was within any one direction of test in relaticn to their hairs on
either surface of their arms. The variation between men was much larger,
bath on the dorsal and volar surfaces. This was attributed to the

differences in the quantity and type of body bair between the men and also
compared to the women. .
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The influence of water (sweat) on the coefficient of friction of the arm
was alsa measured using the Capstan method. The coefficient of friction
increased from = 0.75 to a value of = 1.10 as the amount of water increased
when both the arm and the fabric were wetted. It did not reduce when the
arm/fabric were saturated. This 1is likely to be due to the practical
problems of wetting the arm and fabric evenly and realistically (to be like
a sweating arm) and the amount of water required to reduce friction.

An artifical sweat and sebum (to immitate tacky cling situations) were also
assessed during these tests. It was fouﬁd that the artificial sweat had no
appreciable influence on the coefficient of friction. The presence of the
artificial sebum (Natuderm cream) was difficult to assess because no

satisfactory technlque of applying the cream ta the arm in a realistic
quantity was found.

This investigation identified two main factors which affect the coefficient
of friction of the arm and fabric. First, the type ard quantity of body
bair, which determined the amount of fabriciskin contact. A hairy fabric
surface aor an orpate fabric structure would have the same effect (as

observed from the specific wearer trial). Second, the presence and quantity
of sweat.

7.6 Test Xethod to Measure the Surface Drag of Fabrics,

The results from the wearer trials were a useful guide to the frequency and
severity of discomfart produced by sweat and the types of fabrics which
produce discomfort. The investigation into the differences in the
coefficient of friction af various types of skin showed that the differences
are relatively minor. Therefare far the geperal population it was assumed
that it would not be necessary to make allowances for them. Hawever, to
more fully investigate the potential discomfort of a fabric, a quicker
method of assesement was needed. Equipment was designed and developed
during this project to quantify the sliding wet cling force of fabrics. The
equipment is shown in figure 7.2. The features which reduced or increased

this force were determined from tests on the specific wearer trial fabrics.
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Elgur:e-7 2 Egm P*eat to tte"rianlrag force nf

The equipment consisted of a 45cm long. 13.3cm diameter perspe* cylinder
which was covered with 0,5«. stainless steel wire. An alternative skin
simulant was not found from 40 possible products assessed In relation to
the Capstan friction tests on the arm. The ends of the wire were attached
to the cylinder at either end (through a hole In the perspe* cylinder) The
wire was wound onto the cylinder using a lathe and the wire was hand fed
so that the edges of the wire were Just about touching each other The
wire was support« along Its length by five strips of double-sided adhesive
tape which ran the length of the cylinder. The wire proved to be very
successful. It performed three main functions:
1) It earthed the cylinder electrically.

2> It produced a ridged surface which acted as body hairs If fabric

surface hairs were present.
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3) It produced a surface similar to the ridges found on human skin
(especially the hands). The same principle is used by the Kawabata KESF
handle evaluation system to measure fabric frictiom.

A cylinder was chosen for this test instead of a flat plane sa that the
effects of fabric drape could be taken into account during testing. The
cylinder was mounted horizontally on the Instron Temsile Tester sa that as

the cross-head moved downwards, the cylinder moved away from the Instron.

Initiallj a fabric sample was washed using HLCC wash code 6 and tﬁen it
was line dried. A fabric sample was cut to 50cm long x 15c¢m wide, it was
draped over the cylinder sa that an equal length of fabric was on each
side. The hanging edges of .the fabric sample had a large buli—dog' clip
attached to them (= 30g each). This was done for three main reasons:

1) To ensure that the fabric was in contact with the cylinder.

2) The differences in fabric weight would be reduced.

3) The test would be more realistic to a fabric being in 'garment form

(as being under its own weight). '
The front edge of the sample was attached to a series of crocodile clipé
which were evenly spaced across the top of the sample.' These crocodile
clips were attached to 3lcm long sewing threads which were secured at the
other end between an embroldery ring and a perspex disc facing the
cylinder vertically (of diameter 15cm so that the threads would not touch
the cylinder). The perspex disc was linked to the loéd cell of the Instron
as shown in figure 7.3. The end of the cylinder was positioned lcm away
from the perspex dis¢, and the fabric sample was placed onto the other end
of the cylinder, sa that it was flat and straight. The cross-head of the
Instron (linked ta the cylinder) was pre-programmed to move 35cm away from
the Instron and then stop. The drag force exerted by the fabric was
directly measured by the Instron load cell during this time and recorded on

chart paper. A typical curve produced by the equipment is shown in figure
7.4.
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Figure 7 A fabric saaple being tested on the surface dmg equlpraent-

Figure 7 4 A typical curye produced an the surface drag equlpnent fnr a
wet Tfabric.
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The cross-head and chart recorder moved at 12.7 cm/minute (5 inches/min)
which was found to be the optimum speed, and the B load cell (range 0 -
100gf) was used. The optimum speed was achieved by trials to determine
the speed that was not too fast so that the maximum deflection was
distorted, and not too slow so that the fabric sample dried. The maximum
drag force exerted by a fabric during the test was measured directly from
the chart paper as shown in figure 7.4. This 1s the static frictional force
of the fabric. It can be seen that the frictional force for a wet (and also
for a damp fabric) does not attain a steady state after the maximum
deflection. This is because the fabric is becoming progressively drier as 1t
passes over the cylinder. The drier fabric requires less force to mave
over the cylinder and therefore the force continues to decrease during the

test. The force does reach. a constant force relatively quickly when the
fabrics were tested dry.

To ensure accuracy each fabric sample was tested four times: two wales and

two course way fabric samples. The mean of the four test results was. taken.
7.6  The Surface Drag Force of the Specific Vearer Trial Fabrics,

The wet cling wearer trial fabrics were tested on the cylinder to deternine
the effect of water content on different knitted fabric constructions and
fibre types. The fabrics were tested wet, damp and dry.

1) Preparation of Fabric Samples.

A wet fabric was best obtained by firstly thoroughly wetting the fabric
sample in distilled water at 20°C. The fabric sample was then shaken three
times from each end in quick succession. The mechanical shaker consisted of
a 20cm long arm with a clip at the end to hold the fabric. When the shaker
arm was released a torque of 9.7 kgcm was applied. The arm travelled
through an arc of 170° to the horizontal, and it came to a rest with a
residual torque of 1.15 kgem. This procedure produced a wet fabric where

the water was rélatively evenly distributed within the sample, but it did
pot drip water. . ‘
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The damp fabrics were exposed to an atmosphere with a relative humidity of
97%. This was achieved by suspending the fabric sample over a concentrated
salt solution of potassium sulpbate in an ambient temperature of 20°C for
24 hours. It was essential that once the fabric had been removed from its

conditioning atmosphere, the test bhad to be conducted as quickly as
possible so that the fabric would not re-equilibrate.

These techniques were found to produce a better test sample than applying
water by spraying, or removing water from a saturated sample by
centrifuging, mangling or squeezing by hand. This is because the water was

more evenly distributed within the fabric and the product was reproducible.

2) Resuylts and Discussion.

All the wet cling wearer trial fabrics tested, besides fabric W8, shaowed an
increase in surface drag with an increase in water content. This is
attributed to the water content being too low for a film of water to act as
a lubricant between the fabric and the cylinder. Instead a sticky surface
was produced. This is shown in figure 7.6 and 7.7. The results of these
trials showed that the percentage water content of the majority of test
samples had little effect on the surface drag. This is because most fabrics
varied by less than 10gf for an approximate increase in water content of
200 per cent. However, fabric V6, a mock eyelet fabric, did increase in

surface drag by approximately 30gf for an increase in water content of 100

per cent.

Thé fabric construction and - fibre content were seen to have a greater
effect on the magnitude of the surface drag force than water content. A
plain interlock fabric made from nylon had a lower surface drag for a :
specific water content than a cotton/nylon blend, or a 100 per cent cotton

(as shown 1in figure 7.6). This indicates that the water is held on the
surface of the non-absorbent fabrics and it acts as a lubricant,

The influence of the fabric conmstruction on the surface drag was assessed
for 100 per cent nylon fabrics.» The results are shown in figure 7.7. It was

observed that the fabrics with a smooth surface had the lowest surface



112

Figure 7.6  The influence of fibre absorbency on
increasing the water content of the fabric.
(all fabrics are plain interlock).
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Figure7.7 The influence of fabric construction on

increasing the water content of the fabric.
(all fabrics are 100% nylon).
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drag and that fabric W7, a brushed interlock fabric had the highest surface
drag. The fabrics were ranked in approximately the same order as the wet

cling wearer trial, indicating that a high surface drag is more comfortable
than a low one. ' '

7.7 Conclusions.

Vet cling was found to be a minor discomfort sensation, both in terms of
its ability to produce discomfort and it was also rarely noticed. A new
sensation (which had not been documented or mentioned by other
researchers) was discovered. It was called tacky cling. It occured when a
subject had been sweating at an elevated rate for a long period of time. It
was more common than wet cling and it was considered to be more
uncomfortable. Wet cling and tacky cling were noticed most when the fabric
released from the skin. Therefore when doing strenuous activity it is
beneficial to bave a fabric that strongly clings to the skin to prevent

fabric release or alternatively a fabric that reduces the skin:fabric
contact area.

A high activity (wet cling) wearer trial was designed to evaluate the
importance of fibre absorbency, fabric structure, fabric weight and the
performance of double-sided fabrics (with an absarbent fibre on one side
and a non-absorbent fibre on the other). The results of this trial showed
that the presence of an absorbent fibre made the fabric more uncomfortable
to wear than a non-absarbent fibre in a plain interlock fabric
construction. In terms of oaverall comfort, wet cling comfort and post
exercise chill the lighter weight fabrics were more comfortable than the
heavier weight fabrics. The most comfortable fabric surface to wear against
the skin was a brushed, hairy surface (except in lambswool/angora fabrics).
This was attributed to the reduction in fabric surface contact with the
skin. The hairs would act like spacers between the skin and the main body
of the wet fabric. In a double-sided fabric the presence of an absorbent
fibre improved the comfort of the wearer, _whether it was on the inside or

the outside surface. The most comfortable combination was to have the
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absorbent fibre next to the skin in an ornate construction, and the non-
absorbent fibre on the outside.

Tﬁe wet cling wearer trial fabrics were evaluated on a surface drag tester
designed for the purpose. It was noted that the fabrics with a high surface
drag when wet or damp were the most comfortable in the wearer trial, and
vice versa. The water content had little effect on the surface drag, but the
fabric surface construction and the hygroscopic properties of the fibre did
influence the magnitude of the force.

One of the main aims of the public questionnaire was to determine the
attitude of the public to different fibres. One thousand and four members o.f
the general public were asked for their views on the properties of fibres
in relation to comfort during hot weather or during strenuous activity.
Their answers showed that they are conscious of the ability of different
types of fibres to producé discomfort during these conditions. Their

answers showed that they want an absorbent fibre which will not cling when
it is wet. ‘

These findings indicate that to optimise the comfort of a person when they
are sweating, a fabric should either strongly cling to the body or even
better, have a hairy surface to act as a spacer. The fabric should contain a
percentage an absorbent fibre and the fabric weight should be such that it
allows the clinging properties of the fabric to be optimised.
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Ve are all familiar with being tickled as children both with the bands and
also with a soft object such as a feather. Both of the sensatians are
refered to as tickle, but only the latter is relevant to the type of
sensation experienced whilst wearing clothing. Research work has been
carried. cut by physiclogists into the mechanism of tickle from the hands,.
but after discussions with dermatologists at the Manchester Royal
Infirmary, this type of tickle was considered to have a very different
mechanism ta fabric tickle. The latter is a skin surface property which
stimulates the hairs and the nerves close to the skin, whereas bhand
tickling is a sensation which mainly comes about due to tenéioning the
muscles. The actual mechanism of garment tickle is not understood at all
and no physiclogical information could be found in the literature. This was
surprising because tickle is a well known sensation. Tickle is commonly
used to describe an irritating, itchy semnsation which is usually associated
with hairy fabric surfaces and wool. This chapter investigatés the major
factors which produce a tickle sensation from a garment. For instance, is
the bhairiness of the fabric surface the only factor influencing the
magnitude of tickle and if so are the long or the short hairs the major
cause? What effect does the hairiness of the skin have on tickle and what

part does the garment design play in the discomfort experienced?

8.1 XNain Vearer Trial,

Initally it was recognised that tickle was used as a universal tern
(similar to irritation? which described many semsations, in particular
prickle, itchiness, irritation and tickle itself. This was noted before the
main wearer trial began and the subjects invalved in the wearer trial were
asked to be aware of the differences between these sensations. This was
done- by explaining that tickle was a sensation similar to a feather being
passed over the skin. The other sensations were alsa explained using
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similes (as described in chapter 3). Vhen a trial garment was issued, the
first questionnaire answered by the wearer's determined their initial
reaction to the fabric and their prediction of its in-wear comfort. Only 4
out of the 22 garments were predicted as producing a tickle sensation;
these were fabrics 8, 15, 16 and 17. The first two fabrics had very hairy
surfaces, and fabrics 15, 16 and 17 bad a typical wool appearance. Once the
fabric had been handled, the garment was worn for approximately five
minutes, and after this time the subject was asked to comment on the
initial comfort of the garment. In this case tickle was rarely mentioned,
however ‘'itchy' and 'irritation’ were terms which were used quite cammanly.
It is likely that the wearer was experiencing a caombination of sensatiaons
at this early stage, ope of which could be tickle. After the subject had

worn the garment for a aumber of hours, tickle emerged as a common

discomfort sensation.

Many subjects commented that they noticed tickle for the first time when
they had just started ta sweat, either due to strenucus activity or haot
weather. Once the subject was past the initial stage of sweating the tickle
discomfort subsided. This same effect was noted in a smaller wearer trial
when four women wore woollen jumpers (mohair, lambswaaol and shetland wool)
next to their skin, If the skin was dry, the occurence of tickle and prickle
was less than when the skin was sweating slightly. There are two possible
explanations for this increased discomfort: either the skin becomes more
sensitive when it begins to sweat, or the higher adhesion force which is
produced by sweat makes the release of hairs (both fabric and body) more
pronounced. No information was available in the literature to explain the

relative importance af these two factors, but it is likely that they are
both involved in the increased tickle. k

To normalise the answers so that the fabrics which were assessed by fewer
than 20 subjects can be dfrectly compared, the number of answers ta a
question was‘mutltiplied by (@@ x 2) + (n x 27, where n = the number of
subjects whao assessed the fabric. These corrected values are used in the
comparison of ‘the results. Six fabrics in particular were identified as
being a major source of discomfort. These were fabriecs 5, 7, 8, 11, 15, 16,

17 and 18. These results are shown in table 8.1 below along with the
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results for the other trial fabrics (see table 4.1 for the fabric

information).

Table 8.1  The number of people that predicted <(from handle
gbservations) and experienced tickle (during wear) from the main wearer

trial fabrics,

Fabric | Predicted [ Sensation after 5 mins wear Tickle during wear
pumber | Tickle Tickie Itch/irritation (worn 2x per subiject) |
1 0 -9 2 3

2 0 2 2 4

3 0 0 ? 2

4 ] ] Q 3

5 0 e 1 11

6 2 o Q 2

7 ) ? 2 17

8 5 |/ ] 7

9 0 4 2 3

10 0 14 0 2

11 0 1 1 9

12 9 4 '/ 2

13 # 0 0 ) 3

14 0 ° ] 2

15 = 11 ae 1 1 27 (24)
16 ¢ 6 (1 0 o 23
17 + 6 (1) 0 ? 17
18 # 0 7 (D 2 7 (D)
19 # o 2 Q 2

20 * Q 2 2 1

21 & Q 2 Q 2 (L
22 ¢ 0 '/ ? 3 @

s These fabrics were assessed by less than 20 subjects and therefore the
values in the table bave been normalised.

Figures in parenthesis refer to the actual number of answers given to a
question before the figures were normalised.

Tickle was the most common discomfort sensation in the main wearer trial.
The answers ta the questionnaires indicate that tickle is a sensation which
is experienced after a garment is worn for a number of hours, rather than
in the first few minutes of wear. The handle and visual aobservation of a
fabric are quite effective at selecting the most uncomfortable fabrics, as
illustrated with fabric 15 which was excessively hairy. Nevertheless, same
people who experienced discomfort in-wear did not predict it. In addition,
every fabric in the trial produced a tickle sensation for at least one of
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the subjects. Therefore, the extreme hairiness of a fabric surface cannot be
assumed to be the only factor causing or influencing tickle. To establish a
greater understanding of the properties of both a fabric and a wearer in
the mechbanism of tickle, a subjective trial was designed. The trial was
based on the consideration of the mast 1likely factors which could be

influencing the production of the sensation. These factors are discussed in

section 8.2 below.

8.2 The Factors which could be Effecting Tickle,

The wearer trial has established that an excessively hairy fabric surface
and wool were the main causes of discomfort due to tickle, but other
underlying properties were dbviously present which did not fit into these
two categories. The most likely factors, either physiological or physi¢aL
which could also be influencing the presence of tickle are listed below.

Area of the body (the neck and shoulders are very sensitive).
Psychological awareness.

Vhat the person is used to wearing or thinks desirable.
Sweating activity.

Skin hairiness (hair can act as a sensitive stimuli receptor and a
barrier).

Gender.

Age.

Fabric hairiness (length distribution).

Fibre type.

Fibre bending properties.

Direction of movement of the fabric and body hairs.
Speed of the fabric over the skin.

Pressure of the fabric on the skin.

Fibre shedding.

Electrostatic properties of the fabric.

The quantity and type of hairs on the skin varies with gender, age, race
and obesity. Vomen have more hairs per unit area than men, but their hairs

are finer. Fat people, in particular women, have less finer hair because
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they produce more of the hormone testosterone which stimulates the
production of coarse hair. Older people also bhave less body hairs than
younger people. Vomen loose their body hair quite suddenly around the time
of the menopause, whereas men tend to loose their body hair more gradualiy
at approximately the same time of life. People from different races have
different amounts of body hair, for instance the Japanese have very little
hair in comparison to the Caucasians and Africans. To generalise it can be
said that women and children have more finer bairs on their skin than men

and obese women, that have fewer, but coarser hairs. Elderly people have
fewer body hairs than younger people

Different areas of the body are more sensitive than others, in particulaf
the neck and shoulders, whereas the upper arm and the outer thigh are
relatively insensitive (Starling and Lovett Evans, 1968). Information is not
available in the literratureb on the physiological reasons why some areas of
the body are more sensitive to tickle than others in particulér However, in
general, the mare sensitive areas of the torso tend to have fine body hairs
which are easily stimulated. The density of the nerve endings in the skin
will also influence the perception of the sensation. A dense distribution

will make the skin more sensitive and discriminating between two stimuli.

Vhen the main wearer trial subjects were asked to comment on where they
had experienced tickle, invariably the shoulders were mentioned. In
addition, 1f the body is just starting to sweat the occurence of tickle
increased, whilst wearing both a hairy or a non-hairy fabric. This could be
due to two main factors, either separately or a combination of the two.
First, the skin could become more sensitive when it just starts to perspire,
or second, .the body and perhaps the fabric surface hairs lightly adhere to
the skin due to the damp skin. Vhen the fabric maoves in relation to the
body then the hairs are 'prised' off the skin and tickle is experienced.

The psychological awareness of the wearer will be important. If a wearer
feels irritable and alert they are more likely to experience discaomfort
than 1if they are relaxed and sleepy. The initial attitude of the wearer to
the fabric will also influence the registration of discomfort. If it is a

totally new fabric which they have no past experience of, they are mare
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likely to be critical. If they are used to wearing the fabric, they may have

set views on its comfort or discomfort, and a wearer will judge it
accordingly. ’

Vhen wearing any garment, there is a certain amount of skin:fabric movement
when the person moves. The amount of movement will depend on the design
and of the garment, the stretch of the fabric and the type and speed of the
body movement (sitting, stretching etc.). The skin is sensative to a change
in conditions and therefore fabric:skin mavement is undoubtedly the most
common cause of tickle (and other sensations).

The direction of movement between the fabric and the body hairs is likely
to be a major factor in determining the amount of tickle experienced by a
wearer. If the fabric maves in the direction in which the bairs are lying,
the fabric will in effect 'ride over*' the hairs, therefore the skin and hairs
will not be stimulated. If the fabric moves in the opposite direction, the
body hairs will become entangled in the fabric, lifted from the skin
surface and thereby stimulated. It is then that the wearer may experience
tickle. The speed, acceleration and the directional changes of the fabric

moving over the body will also effect the amount of body hairs which are
stimulated and registered by the wearer.

If the body is under pressure at the position where the fabric is moving
over the skin (for instance on the tops of the shoulders when a heavy
overcoat is worn), the body and fabric hairs will be flattened and the
fabric will be expected to stimulate the skin more than the body hairs. In
this situation tickle would be expected to be minimal.

As shown by the answers to questionnaire 1 in the main wearer trial, the
quantity and length of the fibres protruding from the fabric surface were
recognised by the subjects to be a source of tickle discomfort and
irritation. This proved to be a caorrect assumption for many of the fabrics
(8, 15, and 16). However fabrics 6 and 9 also had a hairy surface, but they
were not found to produce more tickle than a non-hairy surface, such as
fabric 14. Therefore the tickliness of a fabric is either dependent on the
number of the fibres protruding from the surface of a certain length and
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diameter (which effects its bending properties), or it is influenced by
other factors which have not been recognised as yet. It is most likely that
the bending rigidity of the fibres is the main reason why fabrics 6 and 9
do not produce as much tickle as the other hairy fabrics (which are wool).
The hairs on the surface of fabrics 6 and 9 are fine and short and they
are unlikely toc be rigid enough to flex the body hairs more than 2 non

hairy fabric surface, which also has many surface hairs (f it is made from"

a staple fibre),

There are various methods available to catergorise the hairiness of a
fabric surface, the most advanced of which uses an image analyser (Umbach
and Mecheels, 1984), a facility which was naot available to the author for
this project. Instead, the surface of the fabrics was photographed so that
an enlarged silhouette was produced. This was achieved by placing the
fabric over a stiff, but thin piece of cardboard. The fabric was secured at
each edge with adhesive tape so that the folded edge of the fabric was flat
against the cardboard, but not stretched. The mounted fabric was positioned
between two glasé plates and placed into a photgraphic enlarger, preset to
have a magnification of 15 times. The silhouette photograph of the fabric
was then assessed for the range in the length of protruding fibres by

placing a grid next to the photograph, a method suggested by Fourt and
Hollies (197@).

This method helps to quantify fabric hairiness, however it is common to see
a surface fibre 'looped over', which is apparently attached to the fabric at
both ends, and this method cannot quantify such fibres. This was a common
occurence for the longer hairs. The author found that the wearer trial
fabrics fell within a few categories of hairiness and that a subjective
visual inspection of the photographs was sufficient to determine the type
of fabric hairiness for this study. Some examples of the fabric profile

photographs of the main wearer trial fabrics are shown in figures 8.1 a, b

and c.

The wearer trial fabrics which shed fibres from thelr surfaces (discussed
in chapter 13) also caused tickle discomfort, most natably fabric 15. This
is mainly thought to be due to the locse fibres attaching themselves to the



Elffurfi ft. 1 Fabric profile photographs of three main wearer trial fabrics.

a) Cotton/nylon eyelet (fabric 4).

b) Polyester interlock (fabric 14).

c) Polyester/viscose dropstitch, brushed (fabric 9).
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wearers body. In this situation they are relatively free ta move (maybe
slighty out of phase with the body and fabric hairs), and therefore they
provide an additional source of tickle by stimulating the body bhairs (by

acting like an extended lever arm) and skin.

A wide range of fibre types was included in the main wearer trial and
therefore there were plenty of opportunities for differences in the comfort
properties of these fibres to be shown. VWool, as discussed in chapter 9,
was the only fibre to produce prickle, it alsa produced tickle mare
frequently than any other fibre in the main wearer trial. As mentioned in
section 8.1, all of the fabrics in the wearer trial did cause tickle for at
least one person. Overall, no specific fibre types were observed to
influence tickle besides wool; therefare it is not considered toc be a major
factor. ‘

The electrostatic properties of a fabric are also unlikely to contibute much
to the amount of tickle discomfort. The wearer trial has shown that all
fabrics produced.tickle to some extent during wear. However the fibres most
likely to produce static electrical build-up during wear, such as fibres
made from PVC and acrylic (for example fabrics 8, 13, 21), were not
noticably more tickly, even when the fabric was brushed. XNevertheless,
static electrical build-up may cause the bhairs on the skin to elevate,
thereby making them easjer to stimulate when the fabric maoves over them. It
may also sensitise the skin, making some individuals more prone to tickle

than others, depending on their ability to ignore the electrical stimulation.

During this project the author had discussions with Dr.C. Smith from the
University _of Salford (Smithb. 1985), He was working with pecple who
experienced extreme universal allergic reactions. He was and still is
investigating the possibility that their bodles could not cope with the
electrical stimuli to the skin that man-made fibres and other synthetic
materials gave rise to. An allergy was the result of their sensitised skin.
There was obvicgusly no~one in the main wearer trial who had such extreme
allergies. However the poséibility that a wider range of people with
slightly less sensitive skin are effected by electrical stimuli from man-
made fibres, could usefully be researched further.
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8.3 Specific Vearer Trial to Determine Some of the Main Factors
Influencing Tickle,

A selection of the most important factors discussed in section 8.2 were
chosen to be evaluated further. A series of subjective tests were carried
out to examine the effect of 5 factors which were considered ta be

important to tickle discomfort, but as yet they have not been investigated.
These factors were:

1) Gender. _

2) Skin hairiness (fine hair or coarse hair).
3) Speed of the fabric over the skin,

4) The effect of loading the fabric.

5) Fabric surface hairiness.

To investigate these factors, an instrument was designed which could
evaluate different fabrics for tickle at various speeds of fabric movement
over the skin and the loading on the fabric. To set up the test, a subject
was asked to sit in a chair resting their arms on the arm-rests, and a
fabric sample was draped over each arm. The fabric was drawn across their
arms towards their hands (in the direction of their body hairs) by sewing
threads which were wound up onto a rotating bar (see figure 8.2). The speed
at which the fabrics travelled over the arm was determined by the diameter
of the rotating bar. This was achieved by using two metal collars of
different diameter, 2cm and 3cm. The bar was 1lcm diameter. The collars

could be slid along the bar to be in line with the sewing threads, and then
fixed to the bar with a grub screw.

¥hen the fabric stopped moving the subject was asked which of their arms
was tickled the most, their left or right, and the combination of speed,
pressure and/or fabric was noted. The subject was requested to keep their
eyes closed during the trial 'S0 that their personal expectations of the
fabrics or test parameters would not influence their final decision. The
fabric samples were placed onto the arms of the subject sa that. they were
as near to the élbow as possible, but still flat. Great care was taken to
ensure that the sewing thread (which was attached to the ratating bar) did
not touch the skin, but it did not raise the fabric away from the arm.

.
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This meant that when the bar was rotated at one speed, the fabric could be
pulled along one arm slowly (as the sewing thread wrapped itself around the
bar), and pulled along the other arm fast (as the sewing thread for the
other fabric wrapped itself around the 3cm diameter collar). Three speeds
were chosen for this trial:

Slow = 0.15m/min = 0.25cm/s
Xiddle = ¢.3%m/min = 0.50cm/s
Fast = 0.45m/nin = 0.75cm/s

The fabric was not pulled over the arm using a faster speed than 0.75cm/s
because the test would be aver toa quickly, befare the subject would have

time to form an opinion. The bar was driven by a variable speed motor

which was turned on and off by the operator.

To assess the effects of in?:reased load on tickle, when the fabric was
draped over the arm of a subject, a large bulldog clip (the width of the
fabric sample) could be added, with or without additional weights, to load
the fabric. The weights were chosen after a few trial runs by the author to
determine an even, but realistic spread of loads over which to test. The

weight added to each side of the fabric including the bulldog clip was:

Non = 0.0g
Middle = 9.5g
Heavy = 40.0g

The fabric was drawn over the arm at the slowest speed so that the subject
would bave more time to assess the two fabrics.

Two fabrics were selected from the main wearer trial to evaluate tickle.
They were chosen because they are the two extremes of fabric which are
expected to” produce and not to produce tickle, that is, one was a very
hairy wool/angora fabric (number 15) and the other was a smooth polyester
woven fabric (number 20)., The fabric samples were 6cm x 30cm. They had raw
edges so that stitching would not divert the attention of the subject away
from the properties of the fabric. The raw edges did not curl under because
the sewing thread were attached to very close to the edge and the fabric
was pulled across the arm from a slightly elevated position. The fabrics
were compared against each other at variou:s speeds and loadings in addition
to them being assessed individually for these factors.
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In figure 8.2, where a female subject is being asked to assess whether her

left arm (smooth fabric moving slowly with no load) was tickled more than

her right arm (hairy fabric moving quickly with no load).

Figure 8.2 The equipment designed and used to assess the factors

effecting tickle

Forty subjects were included in this trial, 24 men and 16 women. All were

Shirley Institute staff. A note of the gender and hairiness of their arms

(downy or coarse hair) was made at the time of the trial and the results

were analysed accordingly. An assessment on the type of hairiness of their

arms was made subjectively by the author. The differences between the

coarser and finer type of hair was easy to distinguish. All of the women

had fine hair as did a few of the men in the trial. The rank order of the

fabric and skin hairiness, speed and loading in relation to tickle

in table 8.2.

is shown
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8.2.1 Speed of the fabric moving over the skin.

128

Subject Most Tickle | Intermediate Least tickle
HAIRY FABRIC
Males Slaow Medium Fast
Females Slow Medium Fast
¥+ F Slow Medium Fast
SMOOTH FABRIC
Males Slow ¥edium Fast
Females Fast Medium Slow
M+ F Medium Slaow Fast
HAIRINESS OF THE SKIN
Fine hair Slow Medium Fast
Coarse hair Slow ¥edium Fast
OVERALL RANX FOR ALL THE SUBJECTS AND BOTH FABRICS '
[ Slaw l Medium Fast

8.2.2. The weight attached to the fabric.
Subject Most Tickle | Intermediate ! Least tickle |
HAIRY FABRIC
Males Non Heavy Medium
Females Heavy Non . Medium
X+ F Non Heaﬁg, Medium
SMOOTH FABRIC
Males Heavy ¥on Medium
Females Heavy Medium Non
X+ F Heavy Non Medium
HAIRINESS OF THE SKIX
Fine hair Fon Heavy Mediunm
[Coarse hair Non _Medium Heayy
OVERALL RANK FOR ALL THE SUBJECTS AND BOTH FABRICS

, f Naon [ Heavy Mediyn
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QOverall it was found that the speed at which the fabric moved over the skin
did influence the tickle produced. When the hairy fabric was assessed far
the effect of speed, the slower speed produced the most tickle, and the
fastest speed the least tickle. The smooth fabric bhad a slightly different
order of ranking, the speed which produced the most tickle was the
intermediate speed. The fastest speed produced the least tickle as did the
bairy fabric. The type of skin hairiness did not effect the order in which
the speeds were ranked for tickle for both the bhairy and the smooth
fabrics. The subjects found that the slowest speed was the most tickly and
the fastest speed the least tickly.

The different loads applied to the fabrics alsoc showed some interesting
trends in relation to the amount of tickle experienced. Both the hairy and
the smooth fabric had the intermediate load producing the least tickle. The
most tickle was produced by no weight being added to the bhairy fabric and
the heavy weight being added to the smaooth fabric. As for the effect of

speed, no differences were seen between the results of the people with fine
or coarse hair.

There were differences between the results of the males and females. The
most notable was the effect of speed on the tickle of the smooth fabric.
The males experienced the most tickle when no weight was added to the
fabric, and least tickle when the heavy weight was added. In contrast, the
females found that when the fabric had no weights attached, it was the
least tickly, whereas the most tickle was experienced from the intermediate
weight. The males tended to have coarser bhair than the females and
therefore the heavy weight would flatten these hairs, thereby reducing skin
stimulations Vhen no weight was added, any hairs standing proud of the skin
would be moved and stimulated. The females have finer, shorter body hair
than males. Vhen no weight was added to the fabric the hairs were not
stimulated as much as when the intermediate weight was added. This could be
due to the extra weight causing the fabric to touch the skin (rather than

ride over the hairs) which is more sensitive to the smooth surface than the
hairs on the arms.
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8,3.1 The Influence of a Hairy or a Non-hairy Fabric Surface on Tickle,

The results of the tickle trial had shown that individually the hairy and
the smooth fabrics produced more tickle at different speeds and weights to
each other. In order to determine the variation in the speed or loading of
the hairy and smooth fabric to produce the same amount of tickle, a second
series of tests were conducted on the forty subjects. The results and
combinations of factors used in this trial are shown in table 8.3. Many of
the subjects commented on the difficulty in deciding on which fabric was
the most tickly during a test. This indicates that many of the differences
in tickle sensation were small and that tickle is not simply related to the

fabric surface and that over-riding factors such as the speed of the fabric .

moving over the skin is a méjor influence.

(Each subject assessed the combination of speed or ioad twice, both
assessments are recorded) (Test combination = fabric surface,speed or load)

8.3.1

_Speed (ng load)

Test combination 4 Fabric =4 Hairy Equal Smooth
Lleft arm / Right arm

Hairy slow/smooth slow 24 25 31
Hairy medium/smootk medium 29 20 31
Hairy fast/smooth fast 27 22 31
Hairy slow/smooth medium 6 7 27
Smooth slow/hairy medium 30 6 4
Hairy slow/smooth fast 19 2 19
Smooth fast/hairy slow 31 7 2
Hairy medium/smooth fast 8 8 24
| Smooth medium/hairy fast 29 12 3
8.3.2

ed)

Test combination ¢ Fabric =+ Hairy Equal Smooth
Hairy non/smooth non 38 15 25
Hairy medium/smooth medium 33 26 19
Hairy heavy/smooth heavy 22 32 24
Hairy non/smooth medium 11 6 22
Smooth non/hairy medium 17 5 16
Hairy non/smooth heavy ’ 14 2 23
Smooth heavy/bairy non 17 4 18
Hairy medium/smooth heavy . 16 4 19
 Smooth heavy/hairy pedium 12 7 20
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Tables 8.3.1 and 8.3.2 show that when the hairy and smogth fabrics were
tested against each other at the same speeds or loads, there was little
difference between the tickle produced from the two fabrics, and that many
subjects gave them an equal rank. When the speed or the load on the fabric
was varied for the two fabrics the subjects became more aware of the

differences between the two fabrics.

The most noticable factor which effected tickle was the variation in the
speed of the fabric over the skin. It was seen that the fabric moving the
fastest always felt the most tickly. However, an exception to this was seen
when a smooth fabric maoved fast and the hairy fabric moved slowly, in this
case equal votes were given to both fabrics. This implies that the

bairiness of the fabric has little influence on tickle in comparison to a
variation in speed. ’

From the results of the trial (table 8.2.1), when the influence of speed
was being assessed using one fabric, this showed that fabric speed did have
an effect. In this case the slowest speed (@.29cm/s) was nearly always the
most tickly. This variation in the two sets of results indicates that when
two different fabrics surfaces are being assessed, there is another factor
influencing tickle. Although unlikely it may simply be due to the attitude
of the subjects to baving two different fabrics to test instead of one. They
may have biased their answers according to what they thought should be
felt, especlally if the decision was difficult. A more extensive trial would
be needed to solve this issue. However the effect speed of the fabric

moving over the skin is obviously an important in terms of tickle
discomfort.

Vhen the loading on the two fabrics was varied, the differences in tickle
became small. At lower loads the hairy fabric was found to be the most
tickly. Vhen the loading on the fabrics was varied, the votes were quite
evenly spread between the two fabrics being assessed. However when the
hairy fabric had no weights attached to it, and the smooth fabric had
either the medium or heavy weight, approximately twice the number of
subjects said that the smooth fabdric wz‘as more tickly. The smooth fabric
with the middle loading was also more tickly than the hairy fabric with the
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heavy load. In this trial the tickle produced by loading the fabric was
seen to depend to some extent on gender and the fabric bairiness, which was

also seen in the overall results shown in table 8.2.2.
832 The Xain Pactors Influencing Tickle.

The specific subjective trials have shown that the surface hairiness of a
fabric and fibre shedding are by no means the only factars which influence
tickle, it is one of many. The speed of the fabric moving over the skin and
the load exerted on the skin can aver-ride the influence of fabric
hairiness in certain combinations. A change in the direction, and therefore

acceleration of the fabric over the skin, will also effect tickle.

Fabrics containing wool produced more discomfort due to tickle than any
other fibre. The wool fibreé tend to be thicker and therefore more rigid
(as discussed in chapter 9 ‘than any other apparel fibre so that they can
stimulate the skin more noticeably. This factor is thought to be the main
reason for wool discomfort. The brusbed surface of other fabr.ics nat

containing wool did not increase the occurence of tickle discomfort abave
the fabrics which had not been brushed.

The type of body hair affected the order in which a hairy or a smooth
fabric were ranked for tickle when the speed and load were varied. When the
skin just starts to sweat, the occurence of tickle increases, along with the
discomfort it produces. When the skin is thoroughly wet the sensation of
tickle is reduced. The type of skin surface is therefore very important to
the discomfort experienced. The attitude of the wearer to a fabric will also
affect their overall impression of its comfort in wear. If they like the
fabric and if discomfort does occur, they will be more likely to ignore it.

84 Conclusions,

It has been assumed for a lbng time that the main factor affecting tickle
was fabric hairiness. This work has started to unravel and identify the
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network of factors influencing tickle, some of which contradict common
opinion.

Tickle was identified as a common and major source of discomfort
when clothing is worn next to the skin, both from the main wearer trial and
the public questionnaire. The main wearer trial showed that fabrics made
from wool were the main soufce of discomfort and that a blairy fabric
surface was the main factor people associated with tickle. However, all of
the fabrics in the wearer trial produced tickle to some degree. The reasans
why these other fabrics should produce tickle were investigated by
examining some of the factors which were thought to be the most important.
These were fabric and skin. hairiness, the speed of the fabric over the
skin, the loading on the body (flattening the hairs) and gender.

The trial showed that the type of body bhair, either fine hair or coarse
hair bad no affect on the perception of tickle. Gender had a small affect on
the perception of tickle. Most notably when a smooth fabric was passed over
the skin at three different speeds. It was seen that men found the slow
speed to produce the most tickle and women found it to produce the least
tickle. This is most likely to be due to a combination of differences in
body hair, sensitivity of tbe skin and what the subject is used to wearing
next to their skin. The hairiness of the fabric surface had surprisingly
little affect on the tickle experienced by the subjects. At the same speed
(for three speeds), the smoatk fabric was slightly more tickly than the
hairy fabric, the opposite was found when the loading on the fabric was
assessed. Overall the slowest speed, 0.25cm/s was the mast tickly and the
intermediate speed, 0.50cm/s produced the least tickle. Tickle was also
found to be worst when no weight was added to the fabric and the
intermediate load was the least tickly. A low load and a slow speed are the
main factors affecting tickle, in this situation the body hairs can be
easily caught in the fabric and stimulated as the fabric moves over the
skin. The design of garments can therefore have a great influence on tickle
" discomfort in terms of fabric:skin movement and garment weight (due to

the fabric weight), especially on the shoulders and fabric choice (surface
properties and stretch).
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Prickle can be extremely unpleasant and in many cases the sensation is one
of pain rather than discomfort.” The sensation is very similar to having a
pin stuck into the skin, but in cases where the concentration of prickle is
high, the sensation is more one of abrasion. It may cause skin reddening

due to abrasion, a symptom. which can be mistaken to be a sign of an

allergic reaction.

9.1 Fibre Properties.

Research work has bveen carried out by the C.S.1.R.O. (Australian Vool
Research Ihstitute) to investigate the influence of fibre diameter and the
presence of scale:s on the fibre surface on the occurrence and magnitude of
prickle (Hoschke, 1982). Prickle is of particular interest to them because
it is well known that wool can cause this type of discomfort sensation.
They conducted wearer trials in which the subjects wore bath knitted and
waoven wool fabric samples as blouses/shirts, vests and armbands. From the
results of these trials it was generally accepted that the diameter of the
fibre was the major factor influencing prickle, and not the scale structure
on the surface of the wool fibre. A fibre fineness distribution analyser
(F.F.D.A) was developed at C.S.I.R.O. and used in their studies. They tested
the fibres used in their trial fabric on the F.F.D.A.. They concluded that a
fabric containing coarse fibres in this case (7 per cent of fibres of 40
microns) or more was likely to cause prickle and rot the presence of
surface scales. It is acknowledged that a vast amount of wearer trial data
is needed before a specific range of fibre diameters can be identified as
the cause of prickle. This is because within one quality grade of wool there
is a wide range of fibre dlameters to be assessed and in addition, a wide
selection of the general population would also need to be surveyed.
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The reasons why the coarser fibres produce prickle discomfort were
investigated. It is known that an increase in fibre diameter will increase
the flexural and torsional rigidity of the fibre. The flexural rigidity of a
fibre depends on the following properties: its tensile modulus (E), 1its
density (p), and 1ts cross-sectional shape factor (n). The shape factor
progressively increases as the fibre becomes more distant from the centre,
for example a circular fibre has a value of 1.0 and a crenulated ‘fibre, such
as viscose has a value of 0.74. The most influential fibre property which
effects the rigidity is the cross-sectional area (T) of the fibre. The
relationship is shown in equation 9.1 (Morton and Hearle, 1975).

Flexural rigidity = _1 n E_T= Equation 9.1
4n P

The torsional rigidity of a fibre may be defined as the torque needed to .
produce unit twist in radians per unit length. This property is effected by
the fibre shape (e), demsity (p), specific shear modulus (n) and most

importantly the fibre fineness (T). This relationship can be expressed as
equation 9.2 (Morton and Hearle, 1975):

Torsional rigidity = e n T2 / 2m p Equation 92

Typical values for the specific flexural and specific torsional rigidity
(the inherent rigidity independent of fibre fineness) of a fidbre at 65%
relative bumidity and 20°C are shown in table 9.1.

Table 9.1 Flexural and torsional rigidity of fibres., (Morton and
Hearle) )

Fibre Specific Flexural Specific Torsional
Rigidity (nf mm?/tex® Rigidity (nN mm®/tex=)

Cotton 9.53 0.16
Vool 0.24 0.12

- Silk . 0.69 0.16
Nylon 66 9.15 - 0.22 0.04 - 0.06
Palyester 2.30 . 0.7
Acrylic 0.33 - 0.48 .12 - 0.18




136

The specific flexural and torsional rigidity of wool is similar to the other
fibres, if not lower than many. However no prickle occured when the other
fibres mentioned in the table were worn (except for monofilament sewing
threads which are thick and are likely to produce discomfort). Vool is
vnusual in a few main respects, it has surface scales, it has a circular
cross-section (maximum shape factor value (n or €) of 1) and the range of
fibre diameters within a samﬁlé is large because it is a natural product.
The average fibre diameter for a 70's quality wool grade is 20um or 4.5
dtex, whereas man-made fibres which are used for apparel have typical fibre
diameters of approximately 12-13um for a 1.7 dtex fibre. This means that
wool fibres are approximately twice the thickness of most man-made fibres

for similar end-uses, and therefore wool will on average be four times more
rigid.

The trials at C.S.I.R.O. (Hoschke, 1982) also showed that a knitted - fabric
made from the same fibre source as a woven fabric was less 1likely to
produce prickle sensations. This was attributed to a decrease in fibre/skin
contact area for an equivalent sample of a knitted fabric than for a woven
fabric. Additional factors that the author considers to be relevant here

are:

(a) The reduction in relative movement between the fabric and the skin with
a knitted fabric (which is invariably stretchier than a woven fabric).
This will reduce the frequency of the fabric passing over the skin.

(b) The drape of a fabric may also influence the contact area and the
relative movement between the fabric and the skin, however this is also

very dependant on the fit of the garment.

(c) Knitted fabrics usually use yarns with less twist than a woven fabric

and therefore any protruding fibres will not be held so firmly and will
buckle more easily.
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The only fabrics in the main wearer trial which were reported to cause
prickle contained woal. The prickle discomfort was so extreme in some cases
that a few subjects refused to wear a garment for more than a few minutes.
The subjects were not told the fibre content of the fabrics before wearing
their garments. Many of the wearers did not guess the fibre composition
correctly and had predicted no forseeable discomfort before donning.
Therefore the results are taken to be genuine because the subjects had no
preconceived ideas as to the potential properties of the fabric. Prickle
sensations ranged from being immediately painful through to a more
intermittent occurence, depending on the person, their awareness of the
fabric and the sensitivity of their skin that day. The results of tile main

wearer trial are shown in table 9.2 and they indicate the wide spread

discomfort due to prickle.

Occasionally a wearer would comment on a.fabric being abrasive and in a
few instances a red rash was produced on the shoulders. This was assumed
to be the effect of a high concentration of coarse fibre ends rubbing
against ‘'sensitive’ skin. In this situation the body will be unable to
distinguish between the individual fibre ends, and so the sensatian is one
of abrasion. It is unlikely that skin reddening and the formation of a rash
is an allergic reaction, but it is more likely to be caused by the fabric
"abrading and irritating the skin (Garrett, 1984).

At the time of a visit to the Deutches Vollforschunginstitut by the author,
the main wearer trial fabrics that had caused discomfort due to prickle
were submitted for testing using their fibre fineness distribution analyser
(F.F.D.A). Unfortunately the facility was not extended to the rest of the
wearer trial fabrics. A fibre fineness distribution diagram for each sample
was printed out by computer. The complete histogram of the fibre diameter
distribution, including mean value, standard deviation, coefficient of
variation and the‘ number of fibre segments involved in the measurement are

included in the printout. The results for the wool wearer trial fabrics are
summarised in table 9.2.
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A comparison of the results in table 9.2 shows that on average
approximately half of the wearers experienced prickle from the wool
fabrics. The wool fabrics included in the main wearer trial which did cause
prickle were found to contain as 1little as 3 percent of fibres over 30
microns (fabric 15), and 0.6 percent of fibres over 40 microns (fabric 19).
This indicates that very small amounts of these thicker fibres are
necessary for prickle to be experienced; much less than the 7 peréent of 40

micron fibres which were found to cause prickle in the C.S.I.R.0. trials.

(1)_The percent of wearers that experienced pricxle from the
., = (] - A 114 . = NS 1 l; e o ) e 7) 1 113 [1¢$ D¢ = 1]

Fabric number 5 7 11 15. 16 17
7 .

No wash 50% 42% 30% 41% 100% 60%

After one wash 57% © 50% 30% 50% 40% 40%

Before & after 54% 46% 30% 46% 70% 50%

washing

2) . ‘

Percent > 30um % 3.5% 6.5% - 3.0% 4.6% 5.5%

Percent > 40um #* 0.7% 9.8% - 0.6% 0.8%. 0.7%

#  In some casas the crimpiness of the yarn can cause the fibres to stick together in
¢lumps when it is being measured, This causes a long tail between 48 and 60 microns,
The accumulative percentage is corrected by subtracting the fibres with an apparent
diameter of greater than 52 microns (Standard practice for F.F,0,A, results of this
type),

The results of the wearer trials at both the C.S.I.R.O. and at the Shirley
Institute indicate that the Chlorine-Hercosett treatment (Superwash wool
_finishing which removes the surface scales) does not reduce prickle. This
supports ‘the C.S.I.R.O. conclusion that the rigidity of a fibre (mainly
influenced by fibre cross-sectional area) 1s the factor which causes

prickle from wool, and not thé surface scales.

The fibre diameters of the other wearer trial fabrics was found in
specification sheets from the fibre producers and Moncrieff (1975). The
results are shown in table 9.3.
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The data in table 9.3 indicates that the average diameter of the wearer
trial fabrics which did not cause prickle was approximately half that of
the wool fibres which did produce a prickle sensation.

Table 9.3 =
~ (values obtained from the
literature) . '
Fabric Average diameter Fibre cross-sectional shape
number um
1 13 circular
2 19 circular
3 15.5 circular
4 15-17 flat ribbon
6 12713 circular
8 19 circular
9 15.5 circular
10 15.5 circular
12 ’ 13 : circular
13 19 circular
14 16 circular
18 15.5 circular
19 . 15.5 circular
20 1¢ triangular
21 15 circular
22 12 circular

Flexural and torsional rigidity are the major factors influencing prickle,
but the length of the fibre which is protruding from the fabric surface is
also important. The shorter the length of fibre protruding from the surface,
the more support it will bhave against buckling under load, thus increasing
the fibres resistance to compression and increasing the perceived sharpness
of the fibre end in the skin. This is difficult to define and assess
visually. However, the presence of fused fibre ends on the fabric surface
that are produced during singeing can abrade and prick the skin. This
aspect of fabric irritation was investigated by Dr. M. Hewson (1984) at the

Shirley Institute. He found that fused polyester fidbre ends were the cause
of wide-spread irritation during garment manufacture.
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9.3 XNon-Fabric Sources of Prickle.

T.he other common source of prickle is monofilament nylon sewing thread. It
was regularly used in apparel ten to twenty years ago. Nowadays it is still
used to a lesser extent for sewing in garment labels and hems in cheaper
garments. The diameter of a monofilament thread is typically ©.75zm for
apparel end-uses (Coats, 1986). Its flexural rigidity is therefore very high
due to its cross-sectional area and circular shape. -

Garment labels were also found to produce prickle discomfort. This is

discussed in chapter 11.

9.4 Conclusions.

Prickle is one of the most objectionable discomfort sensations that was
identified in the wearer trials. It often caused pain and extreme irritation

which could result in reddening of the skin.

‘I‘he‘ only fabrics in the wearer trial which produced a prickle sensation
contained wool. This relationship was attributed to the wool fibres having
larger diameters (approximately twice the size) than the other typical
apparel fibres. This means that the wool fibres are at least approximately

four times more rigi“d.

Prickle could not be reliably predicted from handle observations or from
fabric friction tests (tadble 2, appendix 1). A recommended screening
process to determine if a fabric will cause prickle would firstly establish
the presence of wool in the fabric and secondly, to determine the range in
diameter of the wool fibres. If the fibres have a diameter greater than
30um the fabric is likely to cause prickle. The non~fabric sources of
prickle (monofilament sewing threads and garment labels) can be looked for
visually, and a judgement can be made as to the potential discomfort which
could be caused by these features. In particular the cut ends of the sewing
thread on the inside of the garment and sharp corners to garment labels
which can irritate the skin.
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-Abrasion of the skin and ‘jogger's nipple’ are well known problems for
marathon runners and people involved in long periods of physical activity.
The damage to the skin in these situations often leads to the person
abandoning their sport immedi,ately or for a number of days whilst the skin
heals. Marathon running is an extreme case when a fabric has ample
oppartunity ta rub against the skin, but how common is discomfort due to a

scratchy fabric in everyday wear? Do the same fabrics feel scratchy during
high and low activity levels?

To lessen skin abrasion people involved in extended periods of exercise
such as marathan running commonly take precautions. For instance, they coat
their inner thighs with Vaseline™, choose hydrophobic fibres for their
running shirts ar'xd shorts, and flat garment seams in areas where the body
is susceptable to abrasion, such as between the legs and under the arms.

Fevertheless, skin abrasion still occurs.

This chapter investigates the fibre, fabric, garment and physiclogical
factors which cause scratchiness discomfort, and a determination of how

common the sensation is during normal activity and strenuous activity is

sought.

19,1 Ihe Xain Vearer Trial,

Scratchiness was a common sensation in the wearer trial. Out of a total of
742 wearings (each garment was worn twice by each subject), scratchiness
was experienced during 104 wearings. The number of people that assessed
each garment was usually 20, but some garments were assessed by fewer
people (see table 3, appendix 1>. To normalise the answers to the
questionnaires, the answers wére multiplied by @@ x 2) = ¢ x 2) x the

number of answers, where n is the number of subjects which did assess the
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garment. The number of subjects was multiplied by 2 because each garment
was worn twice by each subject. These values are used in the comparisans of
the fabrics. The fabrics which caused the most discomfort were numbers 1,
2, 3, 4, 5, 7, 11, 13, 14, 16, 17, 19 and 22 (see table 4.1 for fabric
details). The number of times scratchiness was recorded for each of the
trial garments is shown in table 12.1. Most of the discomfort due to
scratchiness occured before a garment had been washed, as can be seen from

the total number of people recording discomfort in table 10.1.

There were twa sources of skin abrasion recorded from the trial garments:
one due to the fabric and the other due to the garment seams (seams are
discussed in chapter 11). The fabric mainly abraded the shoulders and
around the neck, but 'jogger's nipple' was experienced by one s.ubjectv wﬁen

wearing fabric 14, a textured polyester interlock.

Discomfort in relation to the garment being washed

Fabric Total
Number ] 23 4 5 6 7 8 918111213 1415161718 192021 22

Nowash |6 6 4 3 6 @ &6 @ o 0 7 @ 9 4 ' & 3 9 3 0 2 6| 72

fnewash{3 V & 2 2 2 § & & 2 4 2 9 4 1 3 3 0 3 @ 2 0| 48

None of the trial garments were worn for marathon running. Hawever two of
the subjects did an half an hour jog during every wearing. They only
commented aon scratchiness due to garment seams and not the fabric itself,
but fabric 14, (a textured polyester fabric with a very harsh handle) did
cause skin abrasion for these two wearers whilst jogging. Therefore the
majority of the information on the scratchiness of fabrics in the wearer
trial was from people who were wearing the garments for normal activity.
The weather duriz_ag the trial was unusually warm for the north of England,
with approxmate‘ly balf of the trial being carried out in temperatures
which were on average abave 20°C (see figure 4.1). From the comments on the

questionnaires 1t was seen that more scratchiness discomfort was
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experienced during the warmer months, when the subjects would be perspiring
more than in colder weather. The severity of the discomfort due to
scratchiness of the wearer trial garments can therefore be assumed to be
less than if a greater number of subjects were doing higher levels of

activity which was the main situation when scratchiness was felt.

The fabrics which caused the most discomfort due to scratchiness were
assessed to determine why they should produce this sensation. The
relationship of fibre type, fabric comstruction and fabric properties were

analysed and are discussed in sections 10.1.1 and 10.1.2 belaow.
10.1.1 The Effect of Fibre Type on Scratchiness.

The fibre composition of the fabrics was seen to have an effect on the
occurence of scratchiness. Many of the fabrics which caused a greater
number of pecple tao feel fabric abrasion were made from wool, namely
fabrics 5, 7, 11, 16 and 17. The sensation of prickle was also present for
these fabrics (as discussed in chapter 9). It is thought that when a fabric
moves over the skin, the number of prickle sensations will be more wide-
spread and frequent, and the body will be unable to differentiate between
them. Therefore for these wool fabrics, the sensation of scratchiness is

most likely to be due to the of rigid wool fibres rubbing against the skin,
causing irritation and mild skin abrasion.

Cotton fabrics were also noted to be more uncomfortable than other fibres
in the trial. Fabric number 1 was a commercial vest made in a honeycomb
construction in a blend of cotton and polyester, but the presence of
vegetable matter was also apparent from observing the fabric. The
combination of an ornate fabric construction and the presence of burrs is
likely to be the main cause of scratchiness in this case. In addition it
was the first garment to be included in the wearer trial and therefore the
subject's were more aware of the presence of discomfort sensations from
this garment. Fabric 4 was also cotton, but the fabric was an eyelet
construction. This same construction was used for fabric 13 which caused
the most discomfort due to scratchiness in the trial. It is most likely

that the fabric comstruction was the major cause of scratchiness for these
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cotton fabrics, rather than the fibre. An ornate fabric would produce hard

‘knots' and ‘holes' which could cause skin abrasion when rubbing the skin.
10,12 The Effect of Fabric Construction and Fabric Properties.

A more ornate fabric construction such as an eyelet or honeycomb was found
to be maore scratchy than a plain 1lxl rib or interlock construction. It was

also observed that scratchiness discomfort was less frequently naoted when

a brushed fabric surface was worn.

Many of the fabrics found to be scratchy in-wear also had a rough handle
(as shown in row S of table 10.2). The majority of fabrics which were
ranked as having a rougher surface when handled also had an ornate fabric
construction, and there was no evidence that the fibre type influenced the
harshness. The fabrics with the roughest bandle felt incompressible and

they had tight prominent knots (areas where many yarns crossed) in their
construction.

A number of routine tests were selected to be carried out on the 22 wearer
trial fabrics. The physical properties which may be directly related to the
occurence of scratchiness were determined. The test results are shown in
table 2, appendix 1. The rank order of the fabric properties is shown in
table 10.2 below. The scratchiest wearer +trial fabrics are 1listed in
relation to the rank order of their fabric properties (taken from all 22
fabrics)., It can be seen that the fabrics which produced the most
discomfort due to scratchiness did not show any specific relationships with

any of the physical properties measured.



Test method 4 A B c D E
Fabric | Number of Bending Surface Vater Stiffness | Subjective
tode wearings when length Drag () retention handle,
scratchiness (rigidity) | (friction) Roughness
yas_noted (rank) _(rank) {rank) {rank) _(rapk)
13 13 4ih 16th 15th 2nd 2nd
7 1 204h 8th 10th 21st 13th
11 1 6th 9th 9th 4th B 31
18 -9 11th Tth - 18th 19th
1 9 16th 28t 2nd 3rd tst
§ 8 l4th Ird 18th 16th 6th
14 8 19th 18th 6th 22nd 17th
2 7 3th 18th 14th 7th "~ 9n
17 6 12th 4th - 9th © 8th
19 & 1ith st 13th 15th 14th
22 & 2th 12th 8th - 14th -
4 S 15th 17ih 3rd 184h Ard

Note: A rank order of | means that the fabric was the A, most rigid, B, had the highest
surface drag, C, retained the most water, D, stiffest and £, had the roughest handle,
Key to the test methods used: .

A = Fabric stiffness, 8BS 3356:1961, B = The angle al which a fabric sample mounted on a
sledge starts to slide down a glass plate on an inclined plane, C = Static immersion test,
83 3449:1961, 0 = Shirley cyclic bending test, £ = Subjective handle test carried out by
the wearer trial subject's after the trial,

102 The Factors Caysing Skin Abrasion,

The wearer trial identified three main fabric properties which caused a
greater number of people to comment on the harshness of the fabric when
they wore it against their skin.

1> The presence of wool.

2) The use of an ornate fabric construction, such as a honeycomb or eyelet

which has hard knots on its surface or large holes.

3> The seams of the garment were a major source of scratchiness discomfort.

Further physioclogical research into the abrasion of the skin was not
carried out on the Shirley Institute staff because of the skin damage and
pain it would cause. The 'investigatiod into the factors influencing

discomfort and skin abrasion due to a scratchy fabric was continued by
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collating and intepreting relevant studies which have already been carried
out and reported. Sa far, no researcher has specifically applied the
plethora of knowledge on skin abrasion and peripheral subjects to the
cﬁmfort of clothing. The results of the main wearer trial are discussed in
connection with the findings of other research workers in their different
fields of study. From this, the major factors which produce fabric
scratchiness are indentified and endorsed. '

Research work into the scratchiness of fabrics has been carried out by a
few researchers, and some projects have involved the production of test
methods to characterize a fabric for this sensation. The work carried out
by Mehrtens and McAlister is typical of the conclusions which were made as

to the factors influencing skin abrasion and scratchiness.

Mehrtens and McAlister (1962) conducted an environmental chamber trial to
{investigate the comfort of ¥nitted sports shirts of 4 different fibre types.
They found that scratchiness was a major discomfort problem and
subsequently devéloped an objective test method to aésess fabrics for
scratchiness. The method works by drawing a microphone over a fabric at 7
yards/minute (arbitary speed). The signal produced correlated with the
subjective assessment of the scratchy sensation. Overall fhey concluded that
a scratchy sensation was increased by bath a high filament flexural

rigidity and a high coefficient of friction between the skin and the fabric.

The fabric properties identified in the main wearer <trial and the
conclusions of Mehrtens and XcAlister were considered for their importance

in the production of a scratchy sensation and skin abrasion.
10.2,1 Flexural Rigidity aof the Fibres,

The flexural rigidity of a fibre increases with an increase in fibre cross-
sectional area. Vhen prickle was considered in this project (chapter Q) it
was found that ‘the thicker and therefore more rigid fibres present in a
wool sample cause 'discomforfdue to them sticking into ‘the skin. If the
same fibres were dragged across the skin they would understandably scratch

it. The other fidbres used in the wearer trial fabrics all had relatively low



147

flexural rigidities because they were finer than the wool fibres, and none
of these fabrics produced prickle. Man-made and natural fibres other than
wool are used in various diameters for apparel. It is possible that the
wéarer would be able to detect these size/rigidity differences in terms of
abrasion and not prickle when the fibres protrude from the surface and are
looped (as surface fibres often are). In some cases the presence of large
fused ends of a molten man-made fibre <(due to singeing) could be
responsible (Hewson, 1985). Therefore the flexural rigidity of the fibres
will bave an influence, mainly for wool, but also with other finer fibres.
The presence of as little as 3 per cent of wool fibres with a diameter of
30 um and less than 1 per cent of fibres of 40 pm in a fabric can produce

prickle, and it is likely that the same fibre diameters are respomsible for
scratchiness. e

Vhen the fibres were bent over and twisted (as in a yarn or a fabric) the
fabric will become less compressible at the apex of the fold, and the
harshness of the fabric will increase with increasing fibre diameter.
However, this is. most likely to be noticable in orpate fabric comstructioms,

such as a honeycomb or eyelet, and not in a plain construction when the
yarns are not be in such tight knots.

10.2.2 The Friction between Skin and Fabrig,

Naylor (1955) and Swallow and Veb (1972) carried out research work to
determine the factors which influence the coefficient of friction of a
material on the skin. Naylor tested the effect of oil, talcum powder, a drop
of water and excess water on the frictional properties of polyethene on the
skin. His research showed that the surface conditions of the skin at the
time of the experiment were very important. He found that the friction

between skin and polyethene was reduced when the skin was dry, greasy or

very wet, but friction increased when the skin was moist.

Swallow and Veb also undertock a series of experiments to evaluate the
friction between the fabric and the skin in different conditions. The
equipment measured the frictional force needed to pull a fabric (mounted on

a block of known weight) across the dorsal surface of the lower arm. The
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effect of wetness, skin hairiness, operator differences, load and fabric
weave to the direction of pull, were investigated. For the fabrics tested,
weave direction was not demonstrated as being of any significance. Hawever
the wetness of the fabric did have an effect, For instance, the mean
friétional force was .81 for a dry fabric and .41 for a wet fabric. The
adhesion at zero load was negligible for dry fabrics, but substantial for
wet. They found that the force increased as the fabric became.wet, then it
reduced as the fabric became saturated, as found by Naylor. The bhigher
friction of wet fabrics was most marked at lower loads and on a smooth
skin rather than a hairy skin.

Comaish (1973) studied the factors influencing the production of friction
blisters, and many of his fiﬁdings are relevant to garment skin abrasion.
He rubbed the forearm ‘ with  an oscillating metal head and observed the
physiological effects during lthe time to produce a blister. He noted that
the coefficient of friction of the skin steadily increases during rubbing in
the vast majority of cases, but after erosion the coefficient of friction
decreased greatly due to the moist surface produced. During the course of
rubbing the skin, sweat is removed and it may be impeded by partial closure
of the sweat ducts over the area being abraded. After many subjective
laboratory tests and field trials using various agents to reduce the
friction, Comaish concluded that friction was the principle factor governing
blister formation. He suggested that the coefficient of friction could be
reduced by the presence of a 1liquid or a solid 1lubricant and/or a

substance which reduced sweating (impractical for general garment use).

From their research it can be concluded that the frictional force between
the skin and a fabric increases as the bady begins to sweat and therefore,
in this situation any movement between the fabric and the skin is moare
likely to cause skin abrasion. Vhen the fabric and skin are very wet, the
frictional force between them will reduce, 'but the skin cells will be
hydrated and therefore they can be easily removed. In either case the skin
is likely to become abraded if fabric:skin movement persists. Therefore the

relative movement between the fabric and the skin needs to be eliminated

when the skin 1s damp, wet aor dry.
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102.3 The Presence of Sweat,

As mentioned in section 10.2.2, the coefficient of friction increases with
an 1increase in sweat on the skin surface. When strenuous activity is
conducted for long periods of time the body produces more sweat than it
can evaparate from its surface. Therefore the fabric and skin will be wet
regardless of the wicking pfopérties of a fabric. If a fabric is made from
a hydrophobic fibre, the sweat will be held between the fibres and yarms,
but it will not be absorbed. Therefore it retains less water thkan an
absorbeﬂt fabric. Vhen a hydrophilic fibre absorbs water it swells and
becomes stiffer and heavier than its non-absorbent counter~part."1t is

therefore more likely to abrade the skin than a hydrophobic fabric.

As the skin becomes very wet the coefficient of friction drops. At the same
time the skin 1s absorbing sweat and the skin cells hydrate. When the cells
are in this swollen state they can be easily removed (the same principle
used to remove rough skin from the feet). Since the skin will already have
been rubbed during the time leading up to the presence of excess sweat, the
skin will be more sensitive to abrasion. In this situation it is unlikely
that excess sweat will be an effective lubricant, and therefore the skin

will probably become abraded quickly once this stage has been reached.

Body hairs and fabric hairs reduce the area of contact between the fabric
surface and the skin, thereby reducing the skin area that can be abraded.
This is one of the reasons why the brushed fabrics in the main wearer
trial did not feel scratchy during strenuous exercise. In addition these
fabrics have a soft surface with no hard prominent knots to abrade the

skin.

Karathon runners were chosen to be an example of peaple who commonly

" experience discomfoart due to the fabric rubbing against their skin. They

often take precautions against skin abrasion, nevertheless, abrasion still
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occurs. From this research, a prediction of the best garment assembly for a

runner can be made, and theoretically it is posible to eliminate skin

abrasion form this sport.

If a tighf fitting, but highly extensible fabric 1s worn so that it moves
with the body rather than over it, this will reduce the source of abrasion.
The areas of the skin suscepﬂble to abrasion will be covered with a plain
knitted construction, possibly with a brushed surface to make the fabric
soft and smooth. The rest aof the garment can be made in a very aopen
construction to help to cool t}ze body. The garment should be knitted in one
piece so that it has no seams, and labels should be stuck to the outside of
the garment. To ensure that the skin is totally protected, it should bve
coated with Vaseline™ to lubricate the skin and to reduce abrasioﬁ if the
fabric does move over it. To maintain the softness of the fabric throughout
a run, the fabric should be made from a hydrophobic fibre.

10.4 Conclusiops, ’

The scratchiness of a fabric can be divided up into two main areas: general
discomfort due to a harsh fabric surface and a more serious condition when
the skin becomes abraded. The harshness of a fabric in wear could not be
predicted by handle observations or general fabric properties. The main
factors influencing its accurence were determined from the main wearer
trial and confirmed by the research of other workers. The main wearer trial
identified the presence of wool (with rigid fibres) and ornate fabric
structures (with prominent knots and holes on the surface) as being the
most common- factors to produce the most scratchiness discomfart. Other
researchers had in the past related scratchiness and skin abrasion to a
high coefficient of friction between the skin and the fabric, and Mehrtens
and McAlister also related it to high flexural rigidity of the fibres.

Overall the flexural rigidity of 4tbe fibres will have an influence om
scratchiness. First, the presence of the thick wool fibres will be a major
source of the discamfort when they are preéent and second, the presence of
thicker fibres 1in an ornate fabric construction ‘will have a less
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compressible, scratchier surface than a fabric made from finer fibres. Vhen
hydrophilic fibres absaorb water, they swell and increase in dimensions and
rigidity, thereby producing a stiffer cloth (a property used in Ventile ™
fabrics to prevent water penetration). In addition they will help to keep
the skin moist, which will increase the coefficient of friction and hence
skin abrasion. This implies that hydrophilic fibres are not used for long
periods of active sports such as marathon running, but hydrophobic fibres

are used.

A high Acoefficient of friction between the skin and the. fabric greatly
increases skin abrasion. The coefficient of friction increases with an
increase in moisture on the skin, and then drops as an excess of moisture
becomes available. By this time the wearer's skin will be saore and hydrated.
To reduce the coefficient of friction the skin must be lubricated.
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LOCAL IRRITATION,

Local irritation is a broad term used to describe the many types of
discomfort which can be caused by garment features other than the fabric
and garment fit. The most common garment features are labels, seans,
fasteners and trimmings. Thes.e features were assessed to find out 'if they
produced discomfort and hqw often the experience was felt. This research
found that some of the most common garment accessories are a major source
of discomfort and therefore they need to be carefully considered when
designing future garments. In this chapter section 11.1 deals with garment
labels, 11.2 with garment seams and sewing threads and section 11.3 with
trimmings and fasteners.

11.1 Garment labels,

Labels are present in all garments which are worn next to the skin. There
are standard positions in a garment where they are placed; some of the
common ones are in the neck seam, side-seam or in the waist-band. A label
acts as a permenent reminder of the garment producer, washing instructions,
size, fibre composition and country of origin. This information is included

to belp the purchaser select a garment, care for the garment, and eventually

make a repeat purchase.

From general discussions with Shirley Institute staff it appeared that
labels could be very uncomfortable, and to prevent further discomfort some
people said that they cut ‘their labels out. The occurence of label
discomfort and the proportion of people who cut their labels out of

garments to avoid. it, was investigated in the public questionnaire,
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11.1.1  Public Questiomnaire,

The general public were asked if their labels ever annoy them in briefs, at
the neck or in the side-seam of garments. They were also asked if they
would remove the 1labels 1if discomfort was experienced. The results were
quite surprising. From the 1004 peaple that answered the questicnnaire only
184 péople said that labels did not annoy them and 820 people felt
discomfort. 689 people said that labels annoyed them in the neck of
garments, and approximately equal numbers of people (171 and 143

respectively) said that labels in briefs and in the side seam of garments

annoy them. The results of this question are shown in table 11.1 below.

Age Group 16-25 __26-49 41-94 55+ 16-95+
Pants/briefs
Yes 48 51 34 38 171
o) 216 200 203 214 832
At the neck
Yes 183 168 179 168 689
¥o 81 83 67 84 315
Side-sean
Yes 40 40 27 36 143
¥o 224 211 210 216 861
Labels don't anrnoy you

38 48 40 ] 58 184

The questionnaire also found that Jjust over 65 per cent of the interviewees
cut the labels out of their garments, The labels are removed to prevent
both physiological and psychological discomfort (when a label hangs outside
the garment). However, some additional comments on the questionnaires

revealed that some people actively try to make prestige labels hang outside
their garment and these labels are rarely removed.
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The findings of the public questionnaire confirmed that garment ladels are.
a major, common source of discomfort to the general population, and that

well over half of the population will remove labels because of the
discomfort, ' '

11.12 Labels Used for Next to the Skin Apparel.

A large selection of labels presently used in apparel were provided by
Berrisfords (a leading label manufacturer) to determine their comfert and
physical  properties. Typicdl commercial  label sizes and folded
configurations were provided in each label type (including some resinated
labels) which are listed below.

The main types of garment label used for apparel (garment folding .is shown
in figure 11.1):

1) Voven heat sealed edge.
They have a heat-sealed edge. They can be centre fold, Manhattan fald or
all edges can be heat-sealed. The information is woven into the fabric.

Approximately 90% of all labels found in garments to be worn next to the
skin are of this type. ‘

2) Conventignal woven.
They have a woven edge. They are usually centre fold or end~fold and

information 1is woven into the fabric. These labels are ngt normally used

for next to the skin apparel,

3) Needle loom. )
They bhave a woven edge. They can be end-fold, mitre fold or have heat-
sealed ends and information is woven into the fabric.

4) Broad-width fabric.
They have a fused (heat sealed) edge. They are usually centre folded and
the information {s woven into the fabric.
These labels are cheap to make. They are not recommended by the label
manufacturers to be used where body contact is inevitable.

5) Polymer film.

They have cut edges. They can be centre fold or cut and information is
printed onto the fadbric. ‘
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These are uncommon in the UK but they are more popular on the continent.
Samples were not provided.

6) Voven fabrics with an adhesive backing.
They have cut edges. The label is flat and commonly rectangular in shape,
information is printed onto the fabric. These labels are not wash fast.

Samples were nat provided.
The number coding used above to describe each label type 1is maintained

throughout this chapter. For instance, a needle loom label will be coded 3.n;
‘n’ being -the number given to a label within each type.

a) End-fold b) Centre-fold
l
i [
| ]
! | .
! {
H j
¢) Mitre fold d) Manbhattan fald

il _
~—__

e) Heat sealed edge

A scelection of each of the four main label types (labels 1 to 4) in
different foléed configurations were used to investigate which labels
-produced physiolbgical discomfort and the reasons. Initially this included a
subjective wearer trial and later a more extensive subjective label prickle
test.
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11.1.3 Subjective Yearer Trial.,

A ‘label wearer trial was conducted. (after the main wearer trial) to
determine the type of discomfort which is experienced from different labels
located at the neck and at the side-seam of a tee—shirt.

Garment 12 from the main wearer trial was chosen for this investigation
because most wearers had found it comfortable, especially in terms of fit.
labels were sewn into each garment by bhand using polyester/cotton thread.
One label was placed in the centre of the back of the neck seam and
another label of the same type was sewn inta the side-seam (approxim&tely
15cm belaw the bottom of the: arm-hale seam). Care was taken so that the

sewn edges of the label did @ct protrude from the seam and the label lay
flat, as it would in a commercial garment.

A selection of ten of the main wearer trial subjects (both men and women)
were asked to wear their garment for a number of hours. They were asked to
complete the questionnaire provided (shown in figure 11.2) to determine any
discomfort experienced from the labels. Once the garment bhad been worm, 1t
was returned for washing. The label was removed and another label of a
different type was sewn into the garment. It was then re-issued with
another questicnnaire. A total of 9 labels (coded as in section 11.1.2) were
assessed and these are listed in table 11.2 belaw:

Table 11.2 labels used in the wearer trial.

Cade | Description Folding Size (length x width) |
1.1 | Woven heat sealed edge | Centre fold | 7cm x 3.2¢cm
1.2 | Voven heat sealed edge | Centre fold { Label 1 with the corners

cut into a semi-circle.
1.3 | Voven heat sealed edge | Centre fold | 3.8cm x 2.0cna.
Highly resinated.

2.1 Conventionally woven End-fold 5.2¢m x 3.6cm.
Highly resinated. (not in the side seam,
3.1 Needle loom Centre fold| 4.%cm x 3.4cm.
3.2 Needle locom Mitre fold | 1.8cm x 4.5cm.
3.3 | Needle loom | Centre fold|{ 1.8cm x 4.0%cm.
3.4 Needle loom Centre fold| 3.1lcm x 3.7cm.
4.1 | Broad width Centre fold| 3.7c¢m x 5. lcm.
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Figure 11.2

Name:
Label code:

Fit: <(number of inches of double fabric that is spare on each side of
the ribs)

Activity: Sitting D Valking E[ Strenuous D

Label Comfort:

Time you wore the garment? hours’ : ;
Did the label in the peck lie flat? Yes :] Fo D
Did the label "stick" in you at all? Yes D Yo D

If Yes: Vhen (type of activity):

Vould you cut the label out of

a garpent with this type of discomfort? ~ Yes D No D
Any additional comments: )

Did the label in the side seam lie flat? Yesl ‘ No
Vhere did the label touch you?

Vaist D Ribs D Below waist D Other

Vas the garment tucked in? Yes D No D
Vas the label under the waistband? Yes D No D
Did the label "stick" in you at all? Yes I:l Nol l

1f yes: WVhen (type of activity)

Vould you cut the label out? Yes Fo D

Any additional comments:
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Although not all of the subjects involved in the trial assessed the 9

labels, some interesting results were observed from the questionnaires.
These are listed below: ' '

The discomfort sensation experienced was prickle.

The discomfort was caused by the bottom folded cornmer of the 1label
sticking into the skin. To investigate this further the corners of a
centre fold label were cut to make them rounded (label 1.2), and this
eliminated the prickle discomfort.

The mitre fold was the most comfortable label design and the end fold
the second most cquortable. The centre fold was the mast likely to
produce discomfort. .

A label with a fused edge and a resinated fabric was the most
uncomfortable, and the woven ‘edged label did not produce any discomfort.
The 1label in the side-seam produced slightly more discomfort than the
label in the neck. '

The discomfort due to the side-seam label was directly related to
increased body movement (the label was situated over the ribs in. all

cases).

The discomfort due to the label in the neck was related to the label not
laying flat against the fabric.

To mare fully investigate the characteristics of labels which produced the
most discomfort, a second subjective trial was designed.

11.14  Subjective Label Prickle Test,

Five labels were selected for this trial (4 labels were included in the
wearer trial). so that a range of typical label edges and fabric stiffness
were included. Each label was mounted between two metal plates so that its
corner was at 45° to the horizontal and so that it protruded ¢.5cm from the
bottom face of the plates. See figure 11.3. One hundred Shirley Institute
staff, 50 men and 50 women covering a range of ages were asked to assess

the labels. Every pair.combination of labels (except two labels of the same

type) were assessed by each subject.
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Each subject was briefed as to the purpose of the trial and were asked not
to look at their arms during the assessment. They were asked to rest both
of their arms on a desk infront of them. The author placed the corner of
each label (of a pair) consecutively onto the skin of the forearm; taking
care not to touch the arm with the metal mounting plates. The labels were
reciprocated downwards and along the arm (maintaining the original position
of the label cormer in the skin) so that the maximum pressure was exerted
on the skin by the tip of the label, but without the label collapsing. Only
one person applied the labels and therefore the testing was consistent

between subjects. The subject was asked to state which label corner was the

sharpest. This was repeated until all the label combirations had been
tested. The results of this trial are shown in table 11.3 the application of
the label to the arm is shown in figure 11.4.

Label Sharpest 1.3 1.1 3.1 3.5 4.1
| code o ¢ | label o ‘
Description | Heat sealed |Heat sealed | Voven | Voven | Fused
3 4 (resinated)
1.3 Heat sealed
(resinated) - 52 13 10 16
1.1 Heat sealed 48 - 8 6 13
3.1 Voven 87 92 - 37 42
3.5 Voven 90 94 63 - 56
4.1 Fused 84 87 88 42 -

Note: For example, 48 people said that label 1.3 was sharper than label 1.1,
and 52 people said that label 1.1 was sharper than label 1.3.
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Figure 11.4. The mounting and application of the 1label corner to the

forearm In the subjective trial.

The labels were ranked in order of sharpness by calculating the coefficient

of agreement between pairs of subjects (Moroney, 1979).

an agreement shown,

Once achieved and
the row and column totals of the agreement table were

used to give the rank order of the labels. The labels were ranked in order

of sharpness. This is shown below and the distances between the label codes

(described in table 11.3) are semi-quantitative.

SHARPEST - — > LEAST SHARP

1.1 1.3 3.1 4.1 3.5

There was a significant difference between the sharpness of the heat sealed

edged labels and the woven edged labels. The results show that most people
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said that the labels with a heat sealed edge were sharper than the woven
edged labels. One of the sharpest labels, label 1.3, was a highly resinated
label which is used for childrens next to the skin clothing, and it had a
veryxstiff. papery feel. In wear this label produced more discomfort than a
heat sealed label with less resin. This i{s probably due to the resinated
label (1.3) being shorter and therefore it would be supported better
when the corner applied pressure to the skin. The fused edged label was not
as uncomfortably sharp as expected. This is probably due to the corner
being somewhat larger than the other labels (because tkhe fabric and edge
were thicker) and therefore the pressure would be reduced. In practice this
label is likely to be the most uncomfortable (which was indicated from the
wearer trial). This is because the label would be unlikely to buckle away
from the skin when the corner stuck into the wearer (when it is in a
garment) due to the rigid fabric and reinforcing edge. 4

The wearer trials identified two main factors which appear to be effecting
the production of prickle discomfort from labels.

1) The type of label edge and hence the area at the corner tip (where the
load is applied to the skin).

2) The stiffness of the fabric.

These two factors and other physical properties were assessed both
subjectively and objectively for a wide range of labels.

11.1.5 Physical Properties of lLabels,

Many labels are heavily resinated to produce and maintain a pristine
appearance. This greatly increases the rigidity of the fabric of the label,
with many cases of woven, fused edged labels being similar to stiff paper
in their characteristics. The labels (both resinated and unresinated)
provided by Berrisfards were tested for their bending properties. The
labels were assessed in terms of their discomfort (as determined from the
subjective trial), and the relative amount of resination. In addition, the

corners and edges. of the labels were observed microscopically.
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1 Label Fabric Propertieg.

The stiffness and liveliness of a wide variety of labels (with their edges
removed) were measured on the Shirley Cyclic Bending Tester. From its
measurenments the frictional (Ce, the coercive cauple, Nm/m) and the elastic
component (G-, the flexural rigidity, Nm*/m) of the fabric can be abtained.
It has been shown (Owen, 1965,66,67,68) that Ge + A Co (§m2/m), (where A ié
a constant (m)) is a measure of the stiffness, and Go/Ce (m) is a measure
of the liveliness of the fabric (a good bending recovery is expected of
fabrics with a low value). The results of the test carried out on 27 labels
showed that the bending properties were dependent on the amount of resin
that was applied to the fabfic. The heavily resinated labels had higher
values of liveliness, and therefare they have a greater ability to recover
from gentle crumpling. In practical terms this means that  when a label
corner is stibking into the sikin, these labels will resist collapsing away

from the skin, and therefore the prickle sensation will be more pronounced.

The resinated labels were also stiffer than the unresinated labels. The
relationship for both the liveliness and the stiffness of the fabric is
shown in figure 11.5 a and b respectively. In a conventionally woven or a
needle loom label the brocade weft (used to form the lettering) 1s usually
continuous filament viscose rayon, polyester or nylon yarn. This tends to
stiffen the label due to the extra yarns in the fabric, but the folded

corner of the fabric is “"rounded" and therefore discomfort will be rare.

If the brocade weft is lurex or another metallic thread, it will form sharp

‘points or folds on the surface of the label and discomfort is likely ta
pccur when they are in contact with the skin.

2  The Edge af the Label,

The findings from the specific wearer trial (section 11.1.3), the label
prickle test (table 11.3) and the bending rigidity tests (figure 11.5)
showed that the over-riding factor in all label discomfort is the type of

label edge. This is because it directly effects the sharpness of the folded
corner.
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Stiffness of apparel labels
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The edge of the label can be one of three main types:
1) Voven.

2) Heat sealed (including fused).
3) Folded.

The specific wearer trial showed that the woven edged (needle loom) labels

did not produce any discomfort, but a label with a heat sealed edge
frequently irritated the wearer.

Scanning electron micrographs of the edges and corners of a range of
commercially available labels were taken. These proved to be very
informative. Micrographs of a sample of four of the most common types of -
label are shown in figure 11.6 a and b. The heat sealed label can be seen
to bhave a serrated edge and a similar label, cut with badly aligned knives
can take on the appearance of a toothed saw. The fused edge' of the label

was smooth and thick, and the woven edge was smooth and undulating.

The folded cormer also showed the different characteristics of the labels.
The heat sealed label bhad a very flat, pointed cornmer with some molten
polymer protruding from it. The fused edge was split at the apex of the
fold and clearly displayed the sharp edges of the break (which could be
felt when the finger tip was rubbed over the corner). The woven edge

produced a smoath, rounded corner with no jagged protrusions.

These electron micrographs were very informative, but visual examination
with a microscope'at 60 x magnification would also reveal the typical edge
fold characteristics of the labels. A comparison with existing photographs
could then be used to evaluate a label in relation to its potential
discomfort. However, from the micrographs obtained on the wide selection of

labels tested, the potential discomfort of labels is obvious from general

examination of the corner.
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Figure 11.6.a Electron micrographs of the edge of typical garment labels.
(Damnification x80>

Figure al: Woven edge (label 3.1) Figure a2: Poorly cut heat sealed

edge (label 1.4)

Figure a3: Heat sealed edge (label 1.1) Figure a4: Fused edge (label 4.1)
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Figure 11.S.b Electron— micrographs of the folded comer of typical
garment labels showing rounded and pointed comers, (magnification x 80)

Figure b2: Fused edge (label 4.1)

Figure b3: Heat sealed edge (Iabel 1.1) Figure ad:- Heat sealed edge

(label 4.1) mag xI180
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11.1.6 Psychological Label Discomfort.

The psychological discomfort caused by a label being on view on the outside
of a garment is also an important local irritation factor. This type of
discomfort is almast exclusively the result of a long label being sewn into
the neck seam. When the wearer puts on their garment the label invariably
hangs outside. Unless the wearer remembers to put the label back inside the
garment, they will be unaware of this situation until someone points it out
to them. At this stage they experience psychological discomfort. Other
reasons for psychological discomfort due to labels are that a dark or a
1ight label can show through a fabric and spoil the appearance of a
garment, and alsg labels advertising unfashionable manufacturers can cause

disconmfort if they are on view.

The public questionnaire did :not identify the proportion of people who
remcve garment labels due to physiclogical or psychological discomfort.
This type of gnvestigation would needed to bhave been conducted
independently, when a large number of people noted the reasons and
frequency of removing garment labels at bhome for approximately six manths.
Fevertheless, from the discussions with many people on this subject, it is
clear that labels are frequently cut out of garments to avoid both
psychological and physiological discomfort.

As mentioned in section 11.1.1, prestige labels are rarely removed because
they portray the image that the wearer requires. They will therefore not
produce psychological discomfort for the majority of the populatian.

11.1.7 Conclusions.

Garment labels were the most common source of local irritation discomfort.
The public questionnaire revealed that 82 per cent of the population said
that they had experjenced label discomfort. The most common source of this
type of discomfort is due to 1labels in the neck seam of garments.
Subjective trials showed that the discomfort was due to the sharp folded
corner of the label. The labels with a heat sealed edge (used in over 99
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per cent of next to the skin apparel) were the most uncomfortable because
they had the sharpest corners. Some of these labels are resinated, this
reinforces the label against collapsing away from the skin when the cormer
is under pressure. These labels are popular because they are cheap and they
maintain a pristine appearance over a long time. The woven edged labels had
rounded corners and no discomfort was recorded from these, but they are
not widely used because they crease in wear. Psychological discomfort
caused by the label hanging outside the garment is also a common source of

discomfort.

Discomfort produced by garment labels 1is rarely tolerated because 65 per
cent of the people answering_the public questionnaire said. that they remave
their labels if they feel uncomfortable. Nevertheless, the problem could be
solved .ea-sily if moderately ‘sized needle loom waven edged labels (with
information printed onto the fabric) were used for next to the skin
applications. Already, a few leading manufacturers (such as Mothercare and
Debenhams) appreciate the problem with garment labels and they specify

that their garment labels should have waven edges to eliminate discomfort.
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112 Garment Seams and Sewing Threads,

A patential saurce of discomfort is garment seams. They are used both for
functional and decorative reasons; and invariably they are in contact with
the skin. The range of sensations which can be produced by seams was
assessed in relation to the type of seamn construction, the sewing thread,

the fabric used and the position of the seam within a garment.
11.2.1 Xain Vearer Trial.

The conments from the main wearer 4rial showed that seams can feel
-uncomfortably scratchy, prickly, bulky and in a few cases they can cause
skin abrasion. The discomfort was mainly associated with fabrics which

were bulky, scratchy or prickly and also the construction of thé seam (when

the garments had been made commercially).

The main areas where seam discomfort in a short sleeved vest were
acknaowledged weré the neck and the armhole, not the side seams or along
the hem. It was clear from additional comments on questionnaires 1 and 2 of
the wearer trial that seam discomfort was rarely an isolated sensation and
fabric properties had an influence on its occurence. The most common
discomfort sensations mentioned in relation to seams were scratchiness and
prickliness of the fabric, with the tight fit of the garment being an
inevitable common factor. In the wearer trial all the knitted fabrics
(besides fabric 11) had overlocked seams (type 504, ISO 4915:1981) of 3mm
width) which are typically used for commercial vests and tee-shirts. The
garments produced at the Shirley Institute were sewn with a 276-316
decitex (1@Q's cotton count) core spun, polyester/cotton thread and the
needle thread was an 354-333 decitex (80's cotton count) polyester seam
covering thread. The woven garments were lock-stitched (seam type 301, ISO
4916:1982) which is commonly used far commercial shirts and blouses using
a 276-316 decitex (100's cotton count) polyester core spun thread.

In table 11.3 the number of male and female subjects that commented on

discomfort due to seams in a wearer trial garment are assessed in relation
to the garment being worn.
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Garment { 1 2 3 4 5 & 7 8 9101V 12 13 141516 17 1819 20 21 22 | Total
Number b { X . E S 4 ¥ X _

Males 4 0 9 1V 1 8 1 & 0 2 2 2 1 @ @ 06 0 9 ¢ 9 o 14
Females] @ 2 1V 1 & 1V 1V 0-0 4 4 0 4 2 4 ¢ @ 0 3 1 1 4 33
%+F £ 212y 1V v e 88 26 3 4006 0 31 1 4 47

% = The garment vas made commercially,

From the table it can be seen that the women experienced approximately
twice as much discomfart due ‘to the seams as the men, and usually different
garments produced discomfort ':for the two sexes. Alfhaugh the discomfort of
the seams in the tadle above refers to scratchiness and prickle, these were
not the only dis;:omfort sensations experienced. Garment 8 and 13 were

critized for having very bulky seams, especially under the arms.

Following the wearer +trial results, seam discomfort was discussed
individually with 3@ Shirley Institute staff <(not in the wearer trial) to
determine how often they experience it and why they think it occurs. The
most common answer to the question was in  connection with tight
inextensible arm holes which were said to cause a lot of discomfort when
experienced. However, most people said that they would not wear such a
garment, and would assume that the garment design and sizing was at fault
rather than-. the seam. Another source of discomfort was said to be
monofilament sewing threads, either used for the hems of skirts (which tend
to ladder tights and occasionally cause prickle) or when it is used to sew
labels into garments. Bulky seams in the side of briefs and ﬁnder the arms
of thick jumpers were also mentioned, but only by a few people. On the
whale, seams were not considered to be a common source of scratchiness or

prickle discomfort. The main discomfort associated with <thenm
{inextensibility and tightness. '

was
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For the past 20 years monofilament sewing thread has been a cheap
alternative for many garment makers. The thread is colourless and is aptly
named *invisible thread"”. It enabled a manufacturer to substantially reduce
their stock levels of different coloured sewing threads, and was therefaore
very popular. In recent years the wide-spread use of this thread in
garments has decreased due to the well known discomfort it can cause. This
is because it bas a large fibre diameter (0.75mm) and therefore it is rigid
(as discussed in section 9.3). From discussions with a representative of a
leading sewing thread manufacturer (Coats, 1984), it appears that
monofilament sewing threads are no longer used for next to the skin
apparel, and they are rarely used for skirt hems and pocket linings. Coats
actually recommend that_this;thread should not be used for next to the skin
apparel. Nevertheless, the vth:read is still used in some cheaper garments to
sew in the labels. It is liﬁely that at least one end of the thread will
protrude on the 1inside of the garment. Therefore the wearer will
undoubtedly feel .great discomfort during wear from the end(s) sticking into
the skin. In addition, where the thread folds due to the stitching, a
'sharp', hard surface is produced because the thread is rigid. This will rub
the skin if there is movement between the two surfaces. In this situation
the wearer will probably cut the label out of the garment, wrongly assuming
that the discomfort is due to the label. However this can make the
discomfort worse if the monofilament thread is not removed as well, because
the cut edge of the label can be an additional source of discomfort. Only
when the monofilament thread has been totally removed will the discomfort
be alleviated, and this is usually difficult to do without unpicking the
garment seams.

11.2.3 Cooclusions and Recommendations,

The garments used in the wearer trial, altbough limited in their range of
stitches and’ sewing thread, are typical of the seams used in commercial
next to the skin apparel. They produced a variety of discomfort sensations
attributed to the type of seam and the fabric used in the garments. To
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avoid the main types of seam discomfort a number of recommendations are
made.

If a garment is made from a stiff, bulky, or potentially scratchy or
prickly fabric, seams should be hidden. This can be easily achieved by an
inner yoke. However the bottom edge of the yoke should be bound, preferably
with soft ribbon. Flat seams can also reduce discomfort when bulky fabrics

are used, but again, care needs to be taken when binding raw edges.

Seam discomfort is of particular importance to sportsmen and people
involved in high levels of activity. For these peaple extra attention should
be paid to the type of seam ;nd sewing thread in their garments; as well as
a consideration for the thickness and discomfort properties of the fabric
itself. Vhere possible the seams should be hidden or flat and ideally the
garment should be tubular knitted to reduce the number of. seams.

The recent trend away from the use of monofilament sewing thread for next
to the skin apparel confirms that seam discomfort is recognised as a
potential discomfort problem. Unfortunately the thread is still used in
areas of garments where it can irritate the wearer. Garment designers and
manufacturers should ensure that if their products are to §ncorporate
monofilament thread, the seam is hidden or bound with ribbon. Where
passible the thread should be avoided.

Vith greater demands and expectations being required by the public from
their clothing, designers need to pay more attention to the comfort of a
garment when it is being worn. It was clear from the wearer trials that
more care “needs to be taken in deciding on the type of seam, its position
within the garment (location on the body), the end-use of the garment (high
or low activity) and the thread used in relation to the properties of a
fabric. A universal seam cannot be used for all knitted or waoven fabrics.
Each garment design should be considered individually with respect to the
fabric being used and a suitable seam selected. Ideally no open seams
should be in contact with the skin around the neck, and if the fabric is
bulky it should be sewn using a flat seam.
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11.3 Garment Irimmings and Fasteners,

The terms ‘trimming' and ‘fastener' encompass any garment accessory; for
instance, lace, ribbon, motifs, eyelets, buttons, embroidery and so on. The
potential source of discomfort is therefore wide-spread, and yet it is a
very specific discomfort because it is dependent on the particular trimming

or fastener and its relationship with the body.

From individual discussions with approximately 5@ Shirley Imnstitute staff,
and from the comments in the public questionnaire, the most common sources
of discamfart were identified.

1131 lace,

Lace inserts, found on ladiesi briefs, bras and tee-shirt necklines were said
to be scratchy. As 1deutifi§d in chapter 10, an ‘ornate fabric structure
produces more discomfort than plain fabrics. lace is very ornate, being
made up of tight knots and large holes. The yarns used to make lace are
usually tightly twisted and incompressible, this produces a lace with a
harsh handle. In addition, if the edge of the lace sewn onto the garment is
next to the skin and unbound, this can feel like a saw edge when it moves
relative to the body, and it can abrade the skin. Therefare, like fabric
abrasion, discomfort is due to the lace rubbing against the skin.

Although the different types of lace were not investigated in this research
programme, they all bave the potential of abrading the skin when they are
in contact with it due to their ornate structure. Because of the complexity
of the structure of lace it is difficult to propose any simple cbjective
test that can assess its potential scratchiness next to the skin. A
combination of the following tests are the most likely to produce the most
information: |

1> Light transmission (to determine the percentage of light which

passes through the fabric and bhence the openness of the lace

structure).

2) Bending length test (to determine the stiffness of the fabric).
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3) Surface profile photographs (to determine the different heights of
the knots protruding from the fabric surface).
Garment designers and makers should make sure that if lace is used next to
the skin in a garment, the edges are bound with a satin type ribbon and the

lace is either lined or in a position of infrequent lace:skin movement.
1132 Postioning of Fasteners.

Another common cause of discomfort were buttons, zips and press-studs if

they are located in areas of pressure. Some of the most common areas on

the body which experience this type of discomfort due to garments are:

1> The spine when a button;or a zip is positioned in the centre back seam
of skirts. Vhen a women sits down and leans back on a chair the button
or zip will press on the:spine and be very uncomfortable.

2) The centre, front of the waist when a largé button, belt buckle or
press-stud presses into the stomach when the wearer sit or bends.

3> The buttocks' can feel discomfart when buttons or press-studs are in a

position (usually on pockets) where a wearer applies pressure to them
when he/she sits down.

Buttons, zips and to a lesser extent press-studs are common, functional
garment fasteners which are widely accepted in most apparel. Nevertheless
discomfort due to their positioning can occur. To avoid any discomfort
caused by placing them in irnappropiate positions, the garment designer
should always consider where on the body they will be lacated, and whether
they are likely to cause discomfort when the wearer sits down and bends.
for instance, one simple and effective design which has been used for many

years in skirts is to have the fastening down the side seam, thus avoiding
splne discomfort.

1133 HNetal Eyelets,

Unclosed metal eyelets, where a sharp tooth has failed to be bent into
shape can easily cut the skin and cause pain. This type of discomfort can
be associated with both shoes and clothes. Eyelets on shoes can be used as
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decoratiocn or as lace holes. Discomfort due to eyelets on shoes is most
common in the summer when the wearer does not wear socks or tights, and
the tongue (1f present) within the shoe does fxot cover the skin
sufficiently. In garments, eyelets are usually present as decoration, for
example on shorts, trousers, tops etc., but they can also be used as guides

for laces, and their presence is mainly dictated by fashion trends.

The machinery inserting the eyelets and inadequate attention to detail
during quality control is the cause of eyelet discomfort, both in shoes and
garments. However, if the product is designed so that the teeth of the

eyelet are covered with a lining, the incidence of this source of discomfort

would be greatly reduced.

There was no mention of discomfort due to ribbons, embroidery or motifs.
This could be because these accessories are usually located on the outside

of garments, and so they rarely come into contact with the skin.
1135 Conclusions and Recommendatiops,

Lace is a highly ornate fabric which was said to produce discomfort due to
scratchiness, and in a few cases skin abrasion when it is in contact with
the skin. The discomfort produced by lace is due to its ornate structure,

which was identified as a major cause of scratchiness discomfort in chapter
10.

Garment design features such as the positioning of buttons, zips and press-
studs over areas of the body where pressure is regularly applied were
stated as being a common source of discomfort. The areas which were
mentioned as being the most common and uncomfaortable were over the spine
and in the middle at the front of the waist.

The teeth of metal eyelets in shoes and to a lesser extent garments can cut

the skin if the are not closed pt;operly on the inside of the article. This
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discomfort is worst in the summer for shoes because socks and tights are

rarely worn and so the skin is unprotected.

All of the abave mentioned saurces of discomfort caused by garment
trimmings and fasteners could be easily avoided by careful design and
attentiaon to detail by both the manufacturer and the quality control
department. Before production,. the garment (or shoe) designer should .
consider where the trimming or fastener will be in relation to the body,
and adequate protection for the skin and the general body should be taken.
This can ‘be achieved by either protecting the skin by a lining, or placing
the trimming or fastener in a slightly different position. Once the garment
is in production, care should be taken to ensure that the trimming or
fastener has been attached to the garment properly, and that there are no
sharp edges present that will protrude into the skin. A few moments to
consider where the trimming or fastemer will be located when the garment

is worn, can save the wearer much discomfort.
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Initial cold feel (ICF) is invariably associated with cooler climates. It is
experienced when a fabric at or close to ambient temperature is placed
against the skin, and there is a transfer of heat from the skin to the
fabric until thermal equilibrium is achieved. If this bheat transfer is rapid
the wearer will experience ICF - a sensation that usually lasts for a few
secands. However, the reactions (physiological and psychological) to
initially feeling uncomfortably cold can make the wearer feel cooler: for

much longer; sometimes for the duration of wearing the garment. .

121 Physioclogy.

The size of the temperature difference between the skin and a fabric for
ICF to be experienced has not been specifically investigated for this
thesis or by other researchers. The facilities, such as a temperature
controlled room and trial subjects, were not availlable to carry out such an
investigation in this project. Nevertheless, the work done on thermal
insulation (reported by Voodson and Conaver, 1954-64) indicates that a
thermally comfortable wearer will not feel an air temperature change of 1°C
to 2°C, which is very small. The majority of comments on ICF in the main
wearer trial occured when the ambient temperature was less than
approximately 16°C. For most people a comfortable air temperature in the
winter is -between 17°C and 22°C (Voodson and Conover, 1954-64) when
wearing appropriate clothing indoors. The mean skin temperature for a
person at thermal equilibrium is usually taken to be 33°C. This value is
achieved by taking the temperature at five sites on the bbdy. applying a
weighting factor to each of them and then taking an average of the values
(Hardy and DuBois 1968). The rate of heat transfer increases as the

difference in temperature of the contact surfaces becomes greater.
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The skin is sensitive to changes in temperature because the body needs to
maintain its core temperature of 37°C to within + 1.5°C to avoid permenent
damage. Hanada et al <(1982) Investigated the effects of an evenly
distributed thermal stimuli on the sensation of warmth and coolness. They
removed small portions of garments to expose the skin to a cool ambient,
and found that the whole body behaved as if it was cold. Some areas of the
body were more influential than others, in particular the spine. The result
of tbe temperature change caused the milder forms of physioclogical reaction
ta the cold. These include the formation of ‘goose-pimples' on the skin
causing the body hairs to elevate. Vaso-constriction may also occur which
can lead to the re-directlon of blood from the skin to the body core, and
it is also thought to increase the sensation of being cold (the opposite
reaction tao vasg-dilation). This means that the wearer will feel colder for
langer, because the body will !mve to reverse these reactions before thermal
equilibrium can be achieved.

Vomen are more likely to experience ICF because they have less coarse body
hair than males, which is so effective at reducing the contact area with
the fabric surface. Their basal metabolic rate tends to be lower and it
fluctuates with the reproductive cycle; therefaré it takes lopger for a

female to re-establish equilibrium after feeling cold.

122 Heat Transfer,

The two main properties of a material that influence the quantity of heat
which is transfered from one body to another are (1) specific heat and (2)
thermal conductivity. This relationship is shown in equation 12.1 (Perry
1669) and it is discussed below.

Q= kX8 Equation 12.1
p Cp X*
Vhere:- Q = quantity of heat, ’ k = thermal conductivity,
8 = temperature difference, p = density, Cp = specific heat,

X = distance from the contact surfaces of the two bodies.
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1) Thermal conductivity:

Fibres are ©poor bheat conductors and their values of thermal

. conductivity range from 50. to 250 mWm~' *K~' with the synfhetic ‘ﬁbres
having the higher values. Far example, the values for wool and cotton
are 54 and 71 nW¥Wm~' K~ respectively, whereas polyprapylene, palyester,
PVC and nylon range from 120 to 140, 160, 250 mVm=' ‘K~ respectively.
These values can be compared with still air which ts a very good
insulator (25 nVWm~'°k~') and copper which is a very godd conductor
(390 Vm~'*K~'). The magnitude of ICF is determined by the rakte of heat
transfer which is primarily governed by thermal conductiviﬁy. This in
turn is dependent on the contact area between the skin and the fabﬂc,
and the difference between their temperatures. o

2) Specific heat:

The values for specific heat of the common apparel fibres are very
similar. They typically range (for dry fibres) from 1.21 Jg='°‘k~' for
cotton ta 1.34, 1.36 and 1.38 Jg~'°K~' for viscose rayon, wool and'silk
respectively. Values for the synthetic fibres range from 1.9, 1.7 to
1.25 Jg='°K"' for polypropylene, nylon 66 and PVC and polyesterb
respectively. These values usually increase (not necessarily uniformly)
with higher temperatures and relative humidity. Nevertheless the
ambient {s unlikely to vary more than -15°C and % 25% relative
humidity (RH) from a comfortable environment for the majority of

people, which is within the limits of only a small change in specific
heat capacity for most fidbres.

The fabric structure can influence the rate of conduction heat transfer by
variations in ithe contact area. An apparel fabric can be woven, knitted and
in rare cases non-woven. In gengral woven cloths tend to have a smoother
surface, are stiffer and less extensible than knitted fabrics. This is
mainly due to them ledng a more compact weave, the use of less hairy yarms,
and the chemical and physical finishing processes that are commonly used.
Voven fabrics are therefore more likely to have a greater contact area with
the skin where heat conductian can occur. A hairy fabric surface and/or an
open ar structured (such as a honeycomb) fa.bric construction is the most
effective means of reducing skin/fabric contact area and ICF, The fabric
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surface can often over-ride the differences in the thermal properties of
fibres because the area of contact is the main factor influencing the ICF.

The answers to the public questionnaire showed that the thermal properties
of a fabric are of prime importance in hot and cold weather. The initial
warmth and coolness of a fabric will effect the perception of thermal
comfort whilst wearing a garment and when bandling a fabric before
purchase. The initial cold or warm feel can be assessed subjectively by
comparing pairs of fabrics, one in each hand, but this can be difficult. A
quantitative method of assessment would have the advantage of being quick,
reliable and unbiased. A piéce of equipment designed for this purpose was
used in this study to evaluate ICF.

123 Iest Procedure.

I.C.I. Fibres Limited designed a thermal impression meter to rank fabrics in
order of ICF. In 1982 I.C.I. gave the Shirley Institute a thermal impression
meter on long loan. Since that time the apparatus has been considerably
altered and refined, in particular the electronics, to make the equipment
easier to use and the results more reproducible. The apparatus is
illustrated in figure 12.1.

The tester consists basically of a heated copper block, the temperature of
which is maintained at a constant 50°C by a resistance thermometer and a
temperature controller. Fitted to the face of the block are two foil
resistance thermometers separated by a thin layer of insulating material
(spacer). The resistance thermometers are used in an electrical bridge
circuit (Vieatstone bridge) which is balanced when the bdlock reaches its
operating temperature of 50°C. The mean skin temperature is 33°C, but the
reading produced by the equipment was pot large enough when  the heated
block was at this temperature. The difference in temperature between the
ambient and block was not large enough. Therefore, the temperature of the
copper block was raised to 50°C.
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VYhen a sample of fabric at room temperature is pressed onto the face of
the block, heat flows rapidly from the surface of the block into the fabric
thus cooling the outermost resistance thermomet.er. This effect unbalances
the bridge and causes an electrical output signal, the magnitude of which is
dependant upon the properties of the fabric. A capacitor in thev electrical
circuit is used to the maintain the initial magnitude of the signal (its
highest level) so that the observer can make a note of the reading from a
digital display. This signal is displayed in millivolts. The higher the
value, the greater the ICF. '

A fabric sample is conditioned in the standard atmosphere for textile
testing (20°C £ 1°C and 65% RH % 2%) for 24 hours before testing, it is the
same conditions under which the test 1s carried out. A fabric specimen of
approximately 10cm x 5cm is cut from a sample and it is mounted on an
insulated plunger which in turn is connected to an eccentric wheel. The
fabric approaches and remains in contact with the temperature sensor for

three seconds. Three specimens from each fabric sample-are tested ten times
and a mean of the values is taken.

The pressure under which a fabric is tested is dependant on its thickness
because the eccentric wheel and hence the plunger are fixed and d‘o not
compensate for fabric differences. The majority of underwear fabrics are
approximately 2mm thick when under moderate pressure. Initially a compresed
fabric reduces in thickness rapidly and then as the pressure increases the
rate of reduction in thicknes levels out. The wearer trial fabrics were all
similar 4n thickness and therefore the fabrics were tested under

approximately the same loads.
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12.4 Resulis and Comments.,

The main wearer trial fabrics, numbers 1 to 22, were tested on the thermal
impression meter as described abave. The fabrics were ranked in order of
their ICF results, as shown in table 12.1. The results show that in general
the fabrics with a brushed or structured surface have a low value, and
therefore have little or no initial cold feel. Fibre trends also appear; PVC
tends to have a warmer feel than polypropylene in an equivalent. fabric
construction. However, as mentioned above, the fabric construction and
surface lairs usually overide fibre type influences. This can be seen by a
comparison of fabrics 16 (brushked) and 17 (unbrushed) which originate from
the same fibre source. The difference in their values is due to variations
in contact area with the heated block.

The thermal impression meter has been used successfully in this study to
rank any potential differences in the ICF of fabrics. Hdwever. the results
from the meter did show some scatter, and the  greatest degree of
consistency was obtained when the tests were carried out on the same day.
Although the tester has been shown to give variable results on different
occasions, the ranking order of the fabrics remained constant. A number of
experimental details that the author considers to be the cause of some
errors in the test results are mentioned below. Firstly the pressure exerted
by the plunger is very high. It is equivalent to a wearer sitting or leaning
on the fabric which is not uysual when a garment is first donned. This high
pressure means that differences in fabric surface hairiness are thought to
ve lost because the surface is compacted. Secondly, repeated tests on the
same fabric sample will compress the surface hairs which bave very little
time to recover. The wvariability of results will therefore be feduced and

may not be representative for the fabric.

The thermal properties of a fibre do have an influence on the rank order of
ICF as can be seen in table 12.1. This can be seen by comparing two very
similar 1 x 1 rib fadrics, numbers 10 and 12 for their thermal impression
meter values, the polyester fabric is iaitially colder than 1its
polypropylene counterpart. This conclusion ;s also supported by unpublished
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work that was been carried out at the Shirley Institute before the start of
this project where fibre trends were seen. '

Fabric Fibre content I.C.F.
code (millivolts)
) (23
12 Polyester (PE) 783 (16.3)
18 Polypropylene (PP) 775 (18.4)
5 Vool/PP . 741 22.1)
7 Vool 739 (28.0)
9 Cotton 736 (23.1)
19 PP 730 (29.5)
17 Vool ; 719 (11.6)
22 Viscose 714 (32.5)
21 Acrylic/cotton 706 (32.0)
4 Cotton 704 (36.
6 Brushed PE/viscose 691 (19.2>
10 - PP 646 (14.8)
2 PYC 620 (15.2)
15 ¥ool/angora 599 (11.1)
16 Brushed wool 598 (24.1)
14 PE 875 (26.3)
1 PE/cotton % 556 (34.6)
20 PE 538 (38.3»
13 PVC 503 23.0»
11 Vool # 476 (12.6)
3 PP * 427 (18.7)
8 Brushed PYC 333 21.4

BOTE:-
8 Fabrics have an exaggerated structured surface.
s+ Numbers in parnethesis are the standard deviation far 10 test results.

It will also be observed from the results that the influence of thelfibre
type is over-ridden by seemingly very small differences in the fabric
surface. For instance fabric 16 has a warmer initial feel than fabric 17;
botb fabrics originate from the same fibre source but fabric 16 has been
brushed. The difference in ICF 1is not surprising when it is considered that
a fabric is approximately 90% air and 10% fibre. The heat transfer
properties of air are very poor and so an} variation in the contact area of

the fidbres within a fabric is highly important to the ICF. The presence of
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surface hairs (either on the fabric or the skin) and/ar a structured fabric
construction has the effect of increasing the percentage volume of air in a
fabric, reducing the fibre/skin contact area and thus reducing ICF. In some
éases the presence of hairs can produce an initial warm feeling; this is
usually seen as an advantage in cold weather but it is rarely noticed in
warmer climates. Fabric construction is by far the most influencial factor
in dete;mining the ICF.

125 Yearer Irials and Handle Trials,

As part of the main wearer trial the subjects were asked to handle the
garment and to indicate on a‘ 10cz line how warm or cocl the fabric felt in
relation to a neutrality..Vheh the garment was donned, the subject indicated
the initial thermal properties of the fabric surface in relation to their
idea of comfort on another 10cm line. The question was aimed at making the
subject contemplate the sensation individually, which was especially
inportant for a mild discomfort sensation like ICF. The differences between
the actual thermal properties they experienced and the subject's idea of
comfort were used for the analysis of the results and a rank order emerged.
However, the assessments were carried out at different times of the year
and the subsequent differences in ambient temperature effected the ranking.
This is due to initial cold feel being much more noticable in cold climates

when there is a large difference between the skin and ambient temperature.

An assessment of all the main wearer trial fabrics together in paired
comparisons would yield most information on the rank order of the fabrics
for this property. This is because it is a difficult property to Judge
individually and it needs a controlled environment. The main wearer trial
subjects were asked to take one fabric at a time and to do paired
comparisons with other fabrics until it was ranked. Only the side of the
fabric that was to be worn next to the skin, the inside face, was assessed.
In many cases tbe fabrics were ranked in éroups when the subject was
unable to distinguish between them. The tests were carried out in a
conditioned room kept at 20°C (£ 2°C) and 65% (2 2%) relative humidity. The
results are shown in table 12.2 where the fabrics are divided into five
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groups to show where they are significantly different to the 5% confidence
level using the chi-square method. Group 1 had the coldest initial feel and
group 5 the warmest. Although this was informative, a degree of prejudice
and/or past experience had obviously influenced the subject's judgement.
This was noted due to the comments and many rapid decisions that were made

by fabric appearance rather than touching the fabric.

Iable 122
fabrics, (Fabrics 18 and 22 were not included in this trial)

Group Fabric code

1 (coldest) 20, 21, 4

2 6, 7, 12, 1, 14, 9
3 10, 2

4 5, 13, 17, 16, 19, 3
% (warmest) 8, 11, 15

Another test was designed to eliminate these factors and to include people .
who were not in the main wearer trial. An additional asset of this trial
was the elimination of sight, and thus the reduction of psychalogical
influences. The test was based on a complete block design using pairs of
fabrics. The assessor put their hands through two holes in a cardboard box
(to shield the fabrics from view), and placed them flat onto two fabric
samples. They were not allowed to bold or handle the fabric. This made
their assessment similar to a garment being placed against the body when
it is donned. The main wearer trial fabrics used in the comparison were
numbers 1,5,8,11,12,19 and 20. They were chosen because they represented a
various fidbre and fabric types which the author considered to be a typical
of the range of fabrics which covered a large range of ICF. The number of
people involved were 44, they included 36 women (2 from the wearer trial)
and 8 men (1 from the wearer trial). The trial was carried out in a
conditioned room at 20°C (* 2°C) and 65% (+ 2%) RH. The results were
calculated using an adaption of Kendals rank correlation coefficient
(Xaroney, p350-352) and are shown in tabdble 12.3.
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Table 12.3

(ranked coldest to warmest)

Fabric code

20.
19
12
S
11
1
8

There are differences in the rank order of the fabrics ranked subjectively
and using the T.I.M.. The biggest difference is seen with the thin woven
polyester fabric, number 20. Subjectively it was found to be the coldest to
touch, but objectively 1t was 18t)1 coldest out of 22 fabrics. This large
difference in the rank order for this fabric is most likely to be'due to

the T.I.M. applying very little pressure to the test épecimen due to its
fineness. The transfer of heat would be reduced and the readings would be

low. The subjective rankings show a trend from the most sheer and compact
fabric structures as being the coldest, through to the upeven and brushed
fabrics as having an initial warm feel. '

12,6 Conclusions,

The ICF of a fabric is a comparatively mild discomfort sensation which is
only experienced in cool climates. Skin sensations are all relative to the
conditions of the skin at any one moment, therefore the magnitude of ICF is
governed by the difference in temperature of the skin and fabric which are
in contact. Nevertheless, the presence of fabric surface hairs can make the
wearer feel initially warm and therefore counteract the temperature
differences. The; main propertiés that increase the severity of the sensation
in any one climate are the ones that aid in the rapid transfer of heat from

the skin to the fabric surface. The absence of surface hair on the fabric
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or the skin, and/or a smooth fabric surface are the most influencial
factors for increasing ICF. They increase the contact area between the two
surfaces so that more heat can be transfered by conduction. The specific
heat capacity of the fibre is thought to be the major property responsible
for the differences in ICF between fibres of the same fabric constructionm,

but its effects can be easily over-riden by fabric construction variations.

The results have shown that the ICF of a fabric can be assessed and ranked
sucessfully by the thermal impression meter so long as the fabric are not
too thin. The results do teﬁd to vary slightly from the blind subjective
raokings, bowever the T.L.M. results did have the same grouping of fabrics
(assessed using the chi-square statistical metbod) when fabric 20 was
elininated from the statistical analy sis. The blind paired comparison
handle test was undoubtedly the most reliable method because it eliminated
preconceived ideas about the properties of a fabrics ICF which was so
apparent when the fabrics were seen and ranked. Many of the fabrics in the
handle trial were ranked in groups rather than individually, and it is
thought that the general body surface would rank them similarly. The
additicnal influence of evaporation due to sensible and the ever present

insensible perspiration may alsc play a part in the handle assessment.

The main wearer trial identified the discomfort caused by ICF as being
relatively mild and the sensation was one of the least objectionable. The
subjects did not record the ICF of a fabric being so uncomfortable that
they would prefer not to wear the garment. The main comments were ones of
preference for the fabrics with an initial warm feel for cold weather. If
the discomfort sensations that could be experienced due ta ICF were
outlined the majority would be mild discomfort and impartiality. However, in
hot weather ICF can be considered an asset and therefore the perception of
this disconfort sensation 1is seasonal. The relatively mild forms of
discomfort that are experienced means that ICF can be easily forgotten if

another discomfort sensation is present at the same time.
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Fluffy knitted jumpers, tops, scarves, gloves etc. which feel soft and warm
are a recurring major fashion trend, especially in ladies apparel. The
garments are usually worn next to the skin or as a secondary layer over a
blouse, and they are very popular. But, they have one well known major
drawbaci: they shed fibres.. The type of sensations experienced and the
range of fabrics which produce the discomfort were investigated firstly in
the main wearer trial when one underwear fabric was found to produce this’
form of discomfort, and secoﬁdly by more specific trials. The properties of
the fibres which were shed were assessed in terms of this discomfort, and

a test method was developed to rank the fabrics,

13.1 Xain Vearer Irial,

The only fabric in this trial to produce discomfort due to fibre shedding
was number 15, a knitted angora/lambswool/nylon fabric which has been used
for many years in Germany for mens underwear. It was very similar to a
ladies Jjumper fabric. It caused 7Q per cent of the subjects to complain
strongly about the annoying, uncomfortable fibres which were shed. The
loose fibres were alleged to fly into the face, nos‘e and mouth, and to stick
to the body when the skin‘ was slightly damp or wet. They also became
entangled with the body hairs which produced tickle discomfort when they
were moved” in the wind and they acted like an extension to the body hair.
Another factor of major concern was the psycholagical discomfort caused by
the loose fibres becoming atfached to other clothing and furmiture.

The results of the main wearer trial showed that the discomfort due to
loose fibres was limited to a certain type of fabric and, when it did occur
it was considered to be very uncomforta‘ble. The fabric had a very hairy
surface in comparison with the other fabrics in the trial (see figure 13.1)
which was attributed to a low twist yarn (produced on the woollen system).



Figure 13.1 Photographs of.two main wearer trial fabrics to show t.he
difference In surface hairiness of a fibre shedding (@OncoTnfnrtahle) and a
non-fibre shedding (comfortable? fabric.

(See table 4.1 for fabric details and section 8.2, for the photographic
method)

Eahrl£_Ji This fabric caused 70 per cent of the wearers to feel fibre
shedding discomfort.

Fabric 2 This fabric produced no fibre shedding discomfort.
(It is typical of the other main wearer trial fabrics).
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The author discussed this source of discomfort with a leading chain store,
Marks and Spencer, who sell jumpers which are made from fabrics very
similar to fabric 15 in the main wearer trial. Their representative
cbnfirned that they were aware of the problem of fibre shedding, but said
that they had no record of garments being returned for this reason. This
was expected because from general discussions with women who wear garments
made from these types of fabric, they are aware of the problem before
buying the garment due to past experience. 1f they did return the garment
to the retailer due to fibre shedding discomfort they would be likely to
take the passage of' least resistance and say that the garment was the

vwrong size.

Marks and Spencer provided the author with five different ladies wool
jumpers (which were in the autumn range for 1984) to belp in the study of
this form of discomfort. ‘

132 Specific Vearer Irial,

A specific wearer trial was carried out using four female members of the
Shirley Institute staff. Each subject wore three of the jumpers provided by
Yarks and Spencer at least twice, and then commented on any discomfort due
to any fibres being shed. The fabrics included in the trial were:

1) A cable-knit mobair (26%), wool (26%), acrylic (26% and nylon

(22%) Jjumper.

2) A shetland woal jumper.

3) A lambswool (60%), angora (20%) and nylon (20%) jumper. This was

similar “to fabric 15 in the main wearer trial.
The two remaining garments were cardigans, one in a similar material to the
lambswool/angora fabric and the other was similar to the mohair fabric,
These were not included in the wearer trial because the garment size was
too large for the subjects. Therefore these fabrics were retained for the
development of test equipment.

The subjects said that the mohair jumper was very uncomfartable. The shed
fibres produced both physiological and psychological discomfort sensations.
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They experienced prickle (through a blouse in most cases) and general body
and facial irritation due to the shed fibres. In addition the loose fibres
became attached to adjacent surfaces which looked unsightly. The
lambswool/angora Jjumper also produced physiological aﬁd psychological
discomfort. The sensation produced was tickle when the fabric was worn
next to the skin, and the fine fibres which were shed produced body and
facial discomfort. The shetland wool Jumper produced prickle and
scratchiness with na fibre shedding discomfort.

The mohair jumper was said to be the most uncomfortable jumper ta wear
next to the skin., This is likely to be due to the thicker fibres producing
prickle, whereas the finer fibres in the lambswaol/angora fabric produced . :
tickle. The shed fibres were most uncomfortable when the subject was jus‘t
beginning ta sweat. Both' fabrics shed fibres which adhered to other
surfaces. The mobair fibres were said to be the most unsightly, and this is
because they are longer and therefore more noticable in comparison to '(';he
angora fibres shed by the lambswool/angara fabric. |

The subjects were asked to note if an increase in the release of the fibres
from the Jjumper occurred. They said that most of the discomfort was
experienced when they were walking around. The fibres would becaome loose
due to air movement and then fly onto the skin or inta the face. Therefore
most physioclogical discomfort was due to fibres being very loosdy held into
the fabric. The psychological discomfort caused by the fibres attaching to
an adjacent surface was increased by rubbing against a surface, such as a
chair, or vearing another garment ontop of the jumper.

From the wi&e range aof fabrics in the main wearer trial and the three
jumper fabrics, (representative of commercial fabrics which shed fibres)
only two main types of fabric were identified as being a source of fibre
shedding discomfort. They can be characterized by their fibre content
because no other fabrice/fibres are known to produce this type of
discomfort (due to the fabrics that are produced from them). These were:

1) Angora containing fabrics which shed short, fine fibres (fluff).

2) Mohair containing fadrics which shed long thick fibres.
Both types of fabric bad a hairy surface and low twist yarms.
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The ability of these fabrics to shed fibres and produce discomfort was
investigated further. The quantity of fibres shed and the type of fibres
(long or short) were assessed for fabrics which did and did not produce
discomfort due to fibre shedding. Equipment was designed and developed to

induce fibre shedding in a standard way so that different types of fabrics
could be assessed.

133 Fibre Shedding Equipment.

Equipment was designed to determine the ability of a fabric to readily shed
fibres. It worked on the principle of shaking a fabric sample and

collecting any sbed fibres for inspection later. The equipment is shown in
figure 13.2. '

The fabrics from the speciﬁé wearer trial, an additional mobair cardigan
and a lambswool/angora cardigan fabric and the main wearer trial fabrics
were used to develop the test method. This enabled a wide ramnge of |
commercially available fabrics to be cavered, including same that did and
some that did not shed fibres and produce discomfort.

The fabric sample was mounted securely between two c¢lamps which have metal
teeth protruding from their surface. The clamp was attached to a
reciprocating arm (a doffer from a card), and the speed of the arm was
altered by a variable speed motor. The shaking assembly was encased in a
stainless steel cage to contain the fibres as they were shed during the
test. A metal cage was chosen so that the number of fibres adhering to the
sides of the chamber (owing to static or a rough surface) would be reduced.
The metal cage measured approximately 115cm high x 75cm wide x 7Scm deep.
A perspex inspection window in the top of the cage allowed the operator to
observe the fabric when it was being shaken without interupting the test.

The front panel of the cage was removable so that the fabric could be
easily mounted, and the inside of the cage could be cleaned after a test.
The front panel was replaced during 'the test.The cage was cleaned
thorougbly between tests using a 3.5 cm wide paint brush to prevent the
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contamination of the results of other fabric samples. A shelf, approximately
10cm from the floar, was angled so that the fibres would be guided into a
hole in its centre. A sliding tray (removable from the front of the cage)
was positioned under the hole to collect all the shed fibres., The tray was
painted with matt black paint to enable the fibres to be seen more easily.

The equipment was designed to determine any differences in the quantity of
fibres shed from comfortable and uncomfortable fabrics. This information
would then lead to the equipment being suggested as a means of screening
fabrics for this type of discomfort. Initially the optimum shaking time had
to be established and then the differences in the quantity and type of
fibres shed by a wide selection of fabrics was assessed.

1) Shaking Time of the Fabric,

The optimum time for the fabric to be sﬁaken to release the majority of its
loose fibres was investigated. The three specific wearer trial jumper
fabrics and fabric 15 from the main wearer trial were shaken over a time
period of 165 minutes. The test was stopped after 5, 10, 15, 20, 30, 45, 60,
135, 165 minutes during the test, and the amount of fibre shed within each
time period was assessed visually (and at every third time interval the
tray was photographed) and by weighing (which later proved to be an
unsatisfactory method because small differences in the relative humidity
had a large influence on the measured weight). This test was carried out
three times on each type of fabric. Approximately 80 to 90 per cent of the
fibres were shed within 20 and 39 minutes, and so half an hour was chosen

to be the standard shaking time for all fabrics.
2) The Type of Fibres Shed and the Development of Photographic Standards,
Once the optimum shaking time had been established, a selection of the

Jumper and main wearer trial fabrics (which did and did not shed fibres)
were tested on the equipment to determine the type of fibres which were
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shed. After each test the tray was photographed and the shed fibres were
collected in a plastic bag.

There was a marked difference between the amount of fibre shed by the
uncomfortable fabrics and the fabrics which did nat produce any fibre
shedding discomfort. The uncomfortable fabrics shed copious amounts of
loose fibre and sometimes the angora type fabrics shed balls of tdngled
fibre (flat large pills of approximately lcm diameter) which could be seen
on the surface of the fabric before shaking. The fabrics which did naot
produce discomfort tended to produce small amounts of lint (very short
fibres and dust) and very few fibres.

These photographs shawed thati the shed fibres were either long and mohair-
like or short and fluffy. This difference was also observed in the wearer
trials. The difference in the appearance of the trays or photographs of
these two types of shed fibres was large, and the comparison of one fibre

type with the other was very difficult. Therefore two distinct types of
photograph were selected for future reference:

1) Short, fluffy fibre.

2) Long fibre.

To enable a judgement on the quantity of shed fibre and the discomfort of
the wearer for future fabric comparisons, each of the two types of.
photograph covered a range in the quantity of fibre that could be shed by
fabrics. In each photographic set a scale of increasing fibre shedding was
produced. The jumper fabrics were used as the top end of the scale, and the
other fabrics in the main wearer trial were used as the basis for the two
levels at the bottom end of the scale (no mohair fabric for the bottom of
the scale was available). Two extra standards were included between the two
extremes to complete the set. They were produced by progressively reducing
the quantity of shed fibre from the tray which had the most fibres in it.
Therefare, each set of photographic standards consisted of 5 grades, from 5
(very bad fibre shedding) to 1 (no fibres shed). The photographic standards
for grades 1 and 5 are shown in figure 13.3.a to d for both the angora and
the mohair fabric types. The photographs are the same size as the
collection tray to make the caomparison during a test easier.












13.3.d Grade 1

flphalr tvpe fabrirs
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The collection tray and the inside surfaces of the fibre shedding equipment
were thoroughly cleaned with a paint brush so that no fibres were present
before the test. A sample of the test fabric was cut to 40.5cm x 40.5cm.
The cut edges of the sample were sealed with 2.5cm wide electrical
insulating tape to leave an exposed area of fabric of 40cm x 40cm. The
sample was carefully mounted (with its warp vertical) betweea the teeth of
the clamp, making sure that the fabric lost as few fibres during handling

as possible. The fray was slid into the bottom of the equipment and the
front panel was replaced.

The fabric sample was shaken for 30 minutes at a speed of 125 cycles per
minute, to an amplitude of 1@cm (for the clamp). This enabled the fabric
sample to assume an approiﬁnate sinusoidal wave form which occasionally
led tao the fabric rubbing against itself (equivalent to an arm rubbing
against the torso). After 30 minutes the fabric sample was removed and the
inner surface of the equipment was cleaned with a paint brushk so that all

the fibres which had adhered to the sides of the metal cage were directed
into the tray. ’ :

The collection tray was carefully removed so that none of the fibres were
lost. The tray was inspected for pleces of yarn or any foreign particles
which were nat directly shed from the fabric surface. These were removed
with tweezers. The fibres were thenm brushed fraom the sides of the tray so
that they were evenly distributed, but there was a clear band of lcm around
the edge of the tray. The extent of the fibre shedding was then assessed
visually by at least two individuals against the appropiate set of

phbotographic standards. The major decision as to the standard chosen was
the number of fibres present.
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134 Test Results on the Main Vearer Trial Fabrics.

The main wearer trial fabrice were tested using the fibre shedder, and they

were.graded using the angora type (oone of the fabrics contained machair)
photographic standards. The results are shawn in table 13.1 below.

Fibre shedding 1 1-2 2 5
| grade

Fabric 2; 7, 19, 12, 13, 1, 3, 4, 5, 8, 6, 9 . 15
cade 14, 20, 21, 22 11, 16, 17, 18, 19

The results show that fabric 15, an angora/lambswoal/nylon blend shed
fibres very badly and the rest of the fabrics in the trial shed veiy little
fibre. These results correlate with the findings of the comfort of the main

wearer trial because fabric 15 was the only fabric tao produce this type of
discomfort.

It is considered that if a fabric sheds fibres under these conditions of
test, it 1s pot completely satisfactory. Interpretation of the results on a
particular fabric should be based on an evaluation of the relative

importance of the appearance of the fabric and the discomfort likely to be
produced when it is worn as a garment.

In practice, it 1s envisaged that only the extremes of the photographic
standard ranges will be encountered, as found from the extensive range of
commercially available fabrics which were included 1in this study.
Fevertheless, with the increased awareness of major retatilers to this source
of discomfort this may lead todevelopments in the future and the production
of fabrics with intermediate fibre shedding capabilities,
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1395 Conclusions,

The discomfort caused by loose filbres being released inta the air from a
fabric was found to be very abjectionable when it occured. The discomfort
vas wide-spread amongst wearer's of fibre shedding fabrics, which produced
both physiclogical and psychological discomfort. The main discomfort was
due to the fibres adbering to the body, causing facial discomfort and the

shed fibres adhering to adjacent clothing and furniture which was
unsightly.

The main factor influencing fibre shedding was a hairy fabric when the
fibres were loosely held to the surface. This is mainly due to a low twist,
hairy yarn. There were two types of fibres which were typically made into
fibre shedding fabrics. These were angora (the most common fabric) and

mohair (less common but more imcomfortable).

Equipment was designed and developed to assess the fibre sﬂedding
capabilities of fabrics which was quick and easy to use. It can assess
existing or development fabrics, and from the results the potential comfort
of a fabric in wear can be indicated. A grading system was developed to
rank the fabrics with a scale from 1 (no fibres shed) to 5 (very bad fibre
shedding). From the results of the wearer trials, it was concluded that
fabrics with a fibre shedding rating of 4 or 5 would be likely to cause
much wide spread discomfort, whereas fabrics with a rating of 1 and 2

would not cause fibre shedding discomfort,

It is known that retailers are aware of this discomfort problem, but as yet
fashion dictates the fabric properties. In the future retailers will
ultimately require a fadric with the same aesthetics and handle, but with
reduced fidre shedding. This would be a worthy topic for future research,
especially in ferms of the yarn properties of the fabrics.
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Prior to this research programme sensorial comfort was a neglected area of
research. When 1t had been investigated, the studies were aimed at
determining the properties of particular fibres or a particular sensation.
Therefore no overall assessment of the sensations that can be experienced
from next to the skin apparel, their relative importance with one another,
or a standard terminology were available. This meant that the studies that

had been carried out could not be compared with one another.

This research project aimeglijto establish the range of major discomfort
bsensationsrthat c-an be 'exAperi;enced from everyday next to the skin apparel
and the importance of these sensations in relation to one another. It was
decided that a s}:andard glossary of terms should be produ'ced which could
be used to describe these sensations, thereby providing a sound basis for

future studies into this area of research.

14,1 Identified Discomfort Sensatiops.

One of the first tasks in this research project was to establish the range
of ckin sensations that could be felt from next to the skin apparel. This
was done by a wearer trial. At the same time it was necessary to select a
precise range of descriptive terms to define these skin sensations so that

the subjects in the wearer trial and the observer kmew exactly what each

other meant.

The terminology used to describe the discomfort sensations was established
by two main methods. Initially the terminology was selected from a list of
handle- terms which was reviewed by 30 people. This list of terms was used
for the wearer trial in which 20 subjects wore 22 fabrics as tee-ghirts.

The fabrics were made from a range of fibre types in a variety of common

S -
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fabric constructions. The subjects included men and women over a range of

ages engaged in different levels of activity.

During the trial nine major discomfort sensations were identified, some of
which had nat previously been reported or studied for clothing comfart.
These were tacky cling, garment label irritation, initial cold feel and the
difference between prickle, tickle and scratchiness was also established.
The nine major skin sensations identified were:

Tight fitting seams and bands.

Vet cling due to_' sweat (when a fabric is released from the skin).

Tacky cling due to damp sweat residues (when a fabric is released from
the skin).

Tickle (like a feather).

Prickle (pin-pricks). , _ ‘

Scratchiness (sand-paperish). This can produce skin abrasion.

Local irritation due to labels, seams and trimmings. The type of skin
sensation varies depending on the irritant.

Shed fibres can produce a range of skin sensations and psychological
discomfort.

Initial cold feel when a garment is donned (in cold weather only).

The terminology used to describe and define these semsations in the wearer
trial was mnmodified (small additions were made) as the wearer trial
progressed. The final list of terms produced is proposed as a standard
terminclogy for future comfort analysis and description.

Each major discomfort sensation was assessed further to determine the
physical, physiological and psychological factors producing the sensation.

Subsequently, methods were developed to test these factors, together with
recommendations for their assessment as described below.



The nine major discomfort sensations were investigated further by specific
wearer trials which were designed to determine factors influencing the
presence and severity of the semsation. This information was used in the.
development of objective test ‘methods for five of the sensations. The
equipment designed can be used to test a fabric for its potential comfort

in wear. Recommendations far all the sensations were made to ensure that

discomfort is avoided where possible.

The specific wearer trials identified numerous factors which influence the
presence and severity of each sensation. These are outlined below. In .
addition a description of the test methods and/or recommendations that were

made following these investigations are described:

1) Tight Fit - The discomfort threshold for the waist was found to be 20
cN/cm? and the comfortable region was 10-15 cN/cm2. The main factors

which determined this threshold was restriction of internal organs
rather than blood flow.

Twa methods were suggested for determining the comfort of a local
fitting area. The first was a modified version of a British Standard
method which measured the extension of a strip of elastic at a pressure
of 20 cN/cm*. The second was an attachment for the Instron Tensile
Tester which was specially designed to measure the extension of an

elastic band in garment form at a force of 20 cH/cm®, The latter test
method was the most infarmative.

2) Vet cling - The greatest {intensity of wet cling discomfort was
experienced when the -fabric frequently released and adhered to the
skin. In addition the wearer could feel cold. Fabrics with a high
surface drag force when wet or damp were found to be the most

comfortable’ because they did not release from the skin as often.

However, a heavy weight fabric (when wet or dry) also increased the
frequency of fabric:skin release.
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Equipment was designed to measure the surface drag force of a fabric
(under a small 1loading) at different water contents. It 1s an

attachment for an Instron Tensile Tester and both knitted and woven
fabrics can be tested on the equipment.

Tacky Cling - This sensation was more uncomfortable and common than
wet cling. It is caused by the fabric frequently releasing from the
skin surface due to the low adhesion force between the two surfaces.

Tacky cling can be measured using the same apparatus as wet cling.

Tickle - This was a very common sensation and all the fabrics in the
wearer trial produced tickle discomfort to some degree. It was observed
that when a person just starts to sweat, the discomfort is heightened.

Equipment was designed to test the subjective tickle discomfort caused
by a variety of factors. ‘These were gender, fabric or skin hairiness,
fabric:skin speed and the loading on the fabric. This showed that the
main factors producing tickle were the fabric (a) maving slovIl.y aver
the skin and/or (M at a low loading., Other less important, but
influential factors were fabric hairiness, fibre rigidity (especially

the presence of wool) and the body location (the shoulders were
particularly sensitive).

Prickle - This is produced by thick, rigid fibres sticking into the
skin. Vool is the main source of this type of discomfort due to the
large range of fibre diameters present in a fabric. In this study the

presence of very small amounts of fibre with a dlameter of 30um and
above produced prickle discomfort. '

Recommendations were made to avold prickle discomfort. These were to
determine 1f the fabric is made from wool and to establish if there are
any fibres of 30um diameter or above present in the fabric. No test
method was found to determine potential prickle discomfort directly
from a fabric. The other source of prickle discomfort is mono-filament
sewing thread. A garment should be checked for the presence of this
thread, and ensure that it can not be in contact with the skin.
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Scratchiness - A scratchy fabric has the potential of being very
painful because it can abrade the skin. Two main factors influence the
presence of scratchiness, (a) an ornate fabric structure and (b) the
presence of coarse wool fibres. However, when a wearer is sveating the

skin can be abraded more easily due to a higher fabric:skin coefficient
of friction and the reduced abrasion resistance of the skin.

It is recommended that fabrics with an ornate construction (especially
when the garment is likely to be worn for high levels of activity) are
avoided. Other sources of scratchiness discomfort are fabrics

containing coarse wool fibres, lace inserts and prominent ‘hard‘ seams.

Local irritation - (&) ;Gatment labels were a common major source of
prickle discomfort. A heat-sealed edge to the label was the main factor
influencing the presené;e of discomfort because it produced a sharp
folded corner which sticks into the skin. The stiffness of the label
fabric was also important. (b) Garment seams and sewing -threads
produce discomfort when a bulky, scratchy or prickly fabric is used or
a mono-filament sewing thread is present. These can cause prickle and
scratchiness discomfort. (¢) Trimmings can produce a wide range of
discomfort sensations depending on the irritant. Some of the most
conmon irritants were found to be lace (scratchiness was caused by the
ornate structure), positioning of fasteners over bony - prominences and
areas where the body frequently experiences pressure and metal eyelets

(when the sharp teeth protrude from the surface and cut the skin).

The main recommendations that were made to avoid local irritation were
to use woven-edged garment labels, to avold skin contact with bulky
seans, - nono-filament sewing threads, lace and trimmings, especially
where there 1s frequent skin:fabric movement. Fasteners should not be

positioned over bony ' prominences or where load is applied reguarly to
the body.

Initial Cold Feel - This is only experienced in cold weather because it

is produced when there is a large difference between the ambient and

the skin temperature. It occurs when a garment  is donned, and the
transfer of heat from the skin to the fabric is rapid. The main fabric
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properties that reduce initial cold feel also reduce the contact area
with the skin (by reducing the rate of heat transfer). These properties

are usually fabric surface hairiness and ornate fabric constructiouns.

A Thermal Impression Meter was designed by I.C.I. and modified at the
Shirley Institute to measure the initial cold feel of fabrics. This
method ranks fabrics in order of initial cold feel, although paired
handle evaluations ranked the fabrics more genmerally (in groups). It is
thought that a combination of the handle and the Thermal Impression
Meter results gives an indication of the initial cold feel in wear.

9) Fibre Shedding -~ Only two types of fabric produce tickle, prickle,
facial 1irritation and psychological discomfort due to loose fibres
being released from a fabric and attaching themselves to adjacent
surfaces. The fabrics were made from two fibre types, angora or mohair,
The fabrics had a fashionable appearance. They were made from low

twist yarns and had ver} hairy surfaces which released fibres to the
surroundings with very little agitationm.

Equipment was designed to shake a fabric sample for 20 minutes at a
standard rate, after that time the amount of loose fibre shed is
compared with a set of photographic standards.

To analyse a specific skin sensation it was found to be necessary to have
knowledge of any other sensations that were being experienced at the same
time. For instance, if wet cling was being assessed and the garment was
tight fittipg, the wearer will probably not notice the ;;resence of any wet
cling due to the more severe sensation of tight fit. This is known as
caunter-stimuli. Research has been carried out by physioclogists into the
effects of ‘counter-stimuli, but it bad not been researched for garment

physiology until this research project, where a hierarchy of sensations was
identified. '

The potential severity of a skin sensation and its ability to damage the
skin (by abrasion or plercing) was used to establish the hierarchy of the
skin sensations. It is called the ‘potential discomfort ladder'. It can be
used as a guide to the types of sensatio;x that could be ignored if more
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than one sensation 1is present at any one time (that is, when counter—
stimull is present).

Potential Discomfort Ladder
Tight fit, Scratchiness Most Painful

Prickle
Tickle
Local irritation Fibre shedding

Tacky cling

Vet cling
" Initial cold feel Least Painful

The spacing between the sensations is relative to the discomfort that can
be produced.

The wearer trials and test equipment provided information on the fibres,
fabrics and garment constructions that can produce discomfort. The attitude
of the public to the discomfort properties of next to the skin apparel

products was assessed to determine the features that they thought were the
most important.

143 Public Opinion on Fibre, Fabric and Garment Discamfort.

A questionnaire was designed to determine the comfort features that the
general public requires from its clothing and, the influence of handle and
sight on their acceptance of a product. The questionnaire was answered by
1004 people ranging from 16 years old and upward. It showed that the
public are very conscious of the comfort properties of their clothing. In
particular they ‘want a fidbre to absorb sweat, a feature which the wearer
trials and test equipment had proved to be wrong. They also associated any
discomfart sensation with the fibre properties and not the garment or
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fabric construction. This again was found to be of little signifcance to the

comfort of a wearer from the trials; the only major exception was wool.

The relative importance of three commonly mentioned discomfort sensations
was assessed in the public questionnaire. The sensations were wet cling,
tickle and tight garment fit. Each interviewee was asked to imagine that a
garzent had all of these discomfort sensations to equal degrees, and to
choose the most and the least annoying. The answers showed that tickle was
thought to be the most uncomfortable sensation, then tight fit, and wet
cling was by far the least uncomfortable. This ranking was similar to the
potential discomfort ladder (assuming that the tight fit was at a moderate
level). This indicates that the general public are aware of the severity of
different discomfort sensations, and that although the wet cling of a
fabric is a well known, weli researched form of discomfort, this dces not

mean that the public think that it i{s the most uncomfortable when compared
to cther sensations.

The consistency of the answers did tend to change between questions that
were worded slightly differently. For instance, polyester was not a very
popular fibre in comparison with silk when it was chosen from a list of
fibres. However, when a silk and polyester fabric were compared by handle,
the polyester was most prefered. The public were obviously influenced by
what they thought they should like (due to prestige, marketing information
or health reasons) and what they actually liked when they felt or saw a
fabric. The latter decision being the mast influential.

Both the wearer trials and the public questionnaire have emphasised the
inportance of the appearance of the fabric in creating the ‘right image’.
For instance, is the fabric rough or smooth, is the fibre natural or man-
made. The individuals response to the fabric image is to associate it with
past experiences of similar looking fabrics, and predict the comfort
properties with this knowledge. However, the appearance of the fabric can
be misleading, and fabrics with the same appearance can have very different
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properiies. Therefore the handle is of little value in predicting the comfort
in wear for the general population. '

At the outset of this project it was anticipated that the physical
parameters measured on test equipment to describe the major discomfort
sensations would be applied to a multi-dimensional diagram to predict the
‘overall comfort of a garment. The author considers that this is an
unsuitable method to represent the comfort of a garment. A multi-
dimensional diagram would simplify a very complex mixture of sensations
(due to the physical, physiological and psychological state of the wearer),
which combine to produce overall comfort. The simplification of such a
subjective, complex sensation cannot be reliably defined by a number of

points on a grapb and possibly one numerical value.

The use of the individual test methods designed and developed during this
project, in conjunction with the recommendations and discomfort thresholds
specifled, are considered to provide a. reliable screening process for the

in-wear comfort of a fabric/garment for the majority of the populationm.

146 Suggestions for Further York,

This project was the first of its kind to establish the basic principles
behind the understanding of sensorial comfart. Further work is now required
to take these concepts imta the design and development of commercial

clothing, to ensure that the garments that are available for a particular
end-use can fulfil their total purpose.

1) Chapter 6 discussed the importance of the comfortable fit of a garment
to the overall comfort of the wearer. A study to determine the
disconfort threshkolds for tight fit for different ages, body locations

and genders would enable the design of future garments to be more
suited to the end-use.
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2) Tickle was found to be a major discomfort sensation. Further work on
the sensitivity of different areas of the body to tickle and garment

design on the speed of fabric movement would merit investigation.

3) Prickle discomfort has been associated with the presence of rigid fibres
in a fabric, but the quantity and rigidity of the fibres causing the
discomfort have not been exactly determined. Further wearer trials
including a range of fabrics containing fibres of specific dlameters/
rigidities would enable a more accurate assessment of the proportion and
properties of the fibres that produce the discomfort.

4) Chapter 13 discussed the discomfort that can be experienced when a
fabric sheds fibres. A furtder study designed to optimise the fibre
shedding qualities of a fabric so that the fasbionable appearance of the
fabric is -maintained, but fewer (and preferably na) fibres are shed so
that discomfort is reduced or eliminated would be value. Some of the
most likely factors which could achieve a reduction in fibre shedding
are altering the yarn twist, yarn design or fabric construction and/or
tl;e application of fabric finishes.

5) In this praject it was showz that the generai comfort of a wearer can
be greatly influenced by the presence of sweat in a garment assembly.
Sweat can both produce wet cling and tacky cling discomfort, but perhaps
more importantly it also affects the severity of the other major '
discomfort sensations. Further investigation into: (a) The severity of a
discomfort sensation with swzat rate and the quantity of sweat present.
(b) The severity of a disconfort sensation when more than one sensation

is present and the wearer iz sweating.

This research work was designed to obtain a back-ground knowledge of the
censorial comfort of clothing. The {findings can be used either by
researchers in future clothing studies or by manufacturers in fabric and
garment design. It is anticipated the greatest impact will be made by the
attention to detail during garmsnt design and manufacture, especially for
high activity end-uses. This i_s tecause this work has identified the need %o
consider the whole garment (fatric, seams, labels and so on) rather than
just the fibre content. In the future it is hoped that a series of fabric and
garment test methods and recommendations will be available so  that

standards may be established for the sensorial comfort of clothing.
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Fabric Fibre compostion Structure
number
1 C Polyester (65%), cotton (35%) Honey-comb
2 PVC (90%), nylon (10%) 1 x1rid
3 C Polypropylene (90%), nylon (10%) String vest
4 Cotton (90%), nylon (10%) Eyelet
5 Vool (50%), polypropylene (50%) 1 x1ridb
6 Polyester (50%), viscose (50%) Interlock with 8x2
dropstitch. ¢
Vool (100%) Interlock
PVC (85%), acrylic (15%) Interlock. ¢
Cotton inside, polyester outside Interlock with 8x2
dropstitch. &
Doudble fabric
10 C ?olypropylene (90%), mylom (10%) 1x1rid
11 C Superwash wool inside, polyester and Interlock.
nylon outside (90:10%) Looped inside
12 Polyester (100%) 1 x1rib
13 PVC (85%), acrylic (15%) Eyelet
14 Polyester (100%) ' Interlock
15 Angora (40%), lambswool (48%), nylon (20%) | 1 x 1 rib
16 Superwash wool (100%) 1 x1rib ¢
17 Superwash wool (100%) 1x1rid
18 C Polypropylene inside, cotton outside Interlock. &
19 C Polypropylene inside, 1x1rid
acrylic, wool (80:20%) outsige
20 Polyester (100%) Plain weave
21 Acrylic (Dunova) (60%), cotton (30%), 1x1rid
aylon (10%) :
22 Viscose (100%) Twill
Hote:

# The fabric has been sueded and bas a hairy inside surface.

C The fabrics were made-up into garments commercially.

All the fabrics are knitted except fabrics 20 and 22 which are woven.




Table 2

Fabric nuaber 4
Proncerly t

Fabric construction
Wales/ca 1
Courses/ci 8,
Pattern repeat

Wales/ca

Courses/ci

H
IS R=}

Weight (g/a2) 170

Thickness at 6.9 Pa (cb) 0,21

Fibre distribution sep,

(Shirlastains) yarns
Bending length BS5636

Wales (ci) 20

Courses (ci) 11

Flexural rigidity BS5636

Wales dg.ee) 136

Courses (ig.ci) 23

Angle of surface drag
Face to glass (")
Reverse to glass (%)

Pilling (BSS81L)
Wales (face/back) 5
Courses 4

Therial resistance (togs) 0.42
Warath:*eight ratio 25
BS4745 (tog c»2/g)

Air peraeability (pressure
drop across fabric of 498Pa)
Relative air peraeabilityj 20

Water vapour

resistance (ca) 0.21
evr/unit thickness 10
Water retention (1) 192

(static iaaersion test)

318

0.23

(=] S

338

w ol
o1 o

Appendlv 1

~J oo
o w

-
[N

138

0,25

[EEQFEN
O o

9%
14

0,50
35

Routine test results on the min

16,5
11.2

oo —

126

0,12

1.5
11

0,20
16

27

- O
N =

189

wearer trial

197

0.18

urlifora blending (uni.)

o ©
o1 o1

S
[Sady]

0,37
19

18

o o
O =

o w
oo ~

246

0.26

204

fabrics
7 8
10,5 26,0
1.1 15,2
188 358
0,13 0,30
- uni,
0,9 1.8
0,8 1.7
u 209
10 176
7 5
7 6.5
5 5/4-5
5 5/4-5
0,23 0,68
12 19
20 9
0,13 0,30
1.0 1.0
133 120

234
0.21

Double
sided

[EEGEN
[e=ep)

0.42
18

176

225

165

uni.

N
oo

132
i

0.30

18

19

o o
O =

Note: sep. yarns * separate yarns of each fibre. DS ® double sided fabric (one fibre on each side)

266
0,44

Double
sided

[EEGEN
S~ o

109
73

5/4
5/4

1,09
4

140
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Table 2 contd, Soutine teat results on the earn »Psr»r

Fabric nuiiber h 12

Fabric construction

Vales/ca 8.8
Courses/ca 12,$
Pattern repeat

Vaies/ca

Courses/ca

Height (g/a2) 236
Thickness at 6,9 Pa (ca) 0,14

Fibre distribution
(Shirlastains)

Bending length BS5636
Vales (ca) 1.
Courses (ca) 0

Flexural rigidity BS5636
Vales (ig.ca) 65
Courses (ag.ca) 8

Angle of surface drag
Face to glass (*)
Reverse to glass (%)

S
[SalN&a]

Pilling (BSS811)
Vales (face/back) 5
Courses 5

Theraal resistance (togs) 0,22
Varath;.eight ratio 9
BS4745 (tog cal/g)

Air peraeability (pressure
drop across fabric of 498Pa)
Relative air peraeability 18

Vater vapour

resistance (ca) 0,19
«r/unit thickness 1.4
Vater retention (I) %

(static laaersion test)

Note:

13

235

[SaS]
[Sa &)

il

0,07

[=TEN
o —

19

- O
(Sl
[

145

15 16
14,5 26,2
10.1 10,9
243 259
0,33 0.4
uni. -
1.6 1.5
1.2 1.2
100 88

42 45
5 7
5 7

5 1-5/4-5

5 5/4-5
0.78  0.49
2 19
15 i
0.11  0.18
0.3 0.7
88 *

<M,

298

0,26

18 19
23.2 9,7
2.3 117
208 m
0,22 0,17

Double Double
sided sided

14 17
11 11
57 84
28 23
7 9
7 9
5/5 jf5/4-5
5/5 5/5
0,37 0,33
18 19
1 21
0,20 0.12
0.9 0.7
114

20

63
0.02

YN e
a1 o

[SalNS]
o1 o

120

21

139
0,12

uni,

I=FIN
CD;\J

S
o1 o

0.18
13

13

o o
~N o
(o]

167

226

22

133

0,10

106

143

Fabrics 20 and 22 are .oven fabrics, therefore the .ales and courses refer to ,»rp and .eft respectively
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Table 5

aaks nf?

(Humber of people)

t In th# occurence of the ian-»ade fifa» being specified i

Acrylic

P

Polyester (PE)
PE/viscose
Viscose

Nylon

PC

Acetate

— o

Questionnaire 1,

Appendix 1

question 2:

N O© N = - N

«

Vhat do you think the fabric is
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Tihl« a QuMtloanalra 1. quattion 2: Tbha number nf anhiacta »hn

cnrractlf/ th* flbr« contant of tit« fabric« by handle
nhvirfwtlonB.

Fabric Corract fibra Partly corraci Correct * partly
nuabar contant fibra contant

corraci fibra content

1 13 3 18
2 0 7 7
3 9 1 10
4 19 0 19
5 5 5 10
6 2 4 8
7 8 2 10
8 3 5 8
9 5 0 5
10 2 ® 0 2.0
1 4 7 1n
12 2 3 5
13 2 0 2
14 8 M 1 9 ®
13 8 M 10(9) 18 (18)
18 1 @ 6 @ 17 ®
17 TR 9 ® 20 @
18 3@ N0 )) 70
19 5 3 9®
2« 13 (1« 1 15 A
21 7 ® 2 @ 9 G
2 30 0 30
JuUan SB Naan SD Xaan SB
8.5 4.8 3.3 2.9 9.9 3.3
lota:

Tha figura« la parantbasaa ara tba actual nuabar of aaavaru glran to tha
quastloa «ban laaa than 20 paopla anovarad tba quaatlon. Tba adjacent

valua baa baan carractad to ba aqulvalant to 20 paopla anawarlng tha
quaatloa.

Tabi« 7 Tba relationship of tha aseuaad libra epatant al tha fabric

and tba opinion nf tba auhlact aa to «batbar tbaT liba tba fnbrlc QT

ot
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Appeal IX 1

Tabla fl Question 5 (1): »..»hr oi people who changad their nlnda

about the fibra content of the fabric altar the fanant had been wcra®

Ftorte MMr, 12J 1S (7t5kIl D NJMISTTNUUU2A2

RueMr if 4 1)11411«2 22 1111 31 « 2 * 11
(00772 ¢7)

The changas In fibra contant Mara:

Fabric 1 viscosa “*® bland, polypropylana » bland

Fabric 2 2 z PVC % wool/nan-nade, Cotton/nan-ande « nan-nade

Fabric 3 Polypropylana = bland

Fabric A Cotton * Cotton/ nan-nade

Fabric. 5 Cotton/nan-nade = nan-anda, wool/nan-and« = cotton,
wool/aan-aada & aan-aada, nylon * wool/onn-aada

Fabric 7 Acrylic * wool/aan-aada

Fabric 9 Acyllc = bland, polypropylana “ bland

Fabric 1® Polyester * bland, cotton < bland

Fabric 11  Cotton/aan-aada aan-nada. Acrylic  wool/aan-aada

Fabric 12 Cotton/aan-aade = nan-nada

Fabric 13 Cotton/aan-aada <+ aan-nada

Fabric 15 Vool » aan-mada, acrylic * wool

Fabric 16 Vool o wool/aan-aada. wool/aan-aada * nan-nada, acrylic * wool/nan-aada
Fabric 19 Cotton bland, acrylic Cotton/nan-aada

Fabric 21  Cotton/aan-nada * aan-nada, acrylic = bland, nylon o bland
Fabric 22  Cotton a bland

Tallin ft ~»estlouselre 1, question 3: Thn pradlotlon ef the In-waar
comiart of a fabric by tha assemneat of aesthetic« and handla.

(Tha tabla shows tha nunbar of paopla who thought thAt tha fabric would
ba confortable.)

Fabric ST2ETU00S iCTIVITT IORJUL ACTITITT
nunber
Xalas P.mal.s Xalas + Kalis Fissisi Kalis 4
Fanales Fissisi
1 2 5 7 1® 8 18
2 1 0 1 6 9 17
3 8 9 17 i® 9 19
A 1» i® pQl i® 1« »®
5 5 A 9 9 9 18
6 7 8 15 19 1® 29
7 5 6 n 9 i® 19
8 3 i A 7 9 16
9 7 5 12 9 i® 19
1® A A 12 ® 5 7 Y O
1n 5 A 9 8 9 17
12 8 6 14 19 1® 2»
13 5 8 14 @3) 8 9 17 <15)
U 6 1 8 < 7 8 17 (15)
15 2 1 3 3 A 8 M
18 2 1 290 2 2 n @
I 2 1 9 O 2 i 9 ®
18 A 2 2» (6) A 2 2 ®
19 3 3 S 7 8 17 (15)
2« 3 6 12 9 A 1« 19 (14
21 A 5 6 © 5 6 2 A1)
2 3 4 13 O, 5 8 2 (12) !

lots:

Tha figuras In parentheses are tha actual number of answers glean to th*
question when less than 2» people answered the question. The adjacent

value has been corrected to be equivalent to 2B people answering the
question.
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Table 10 Questionnaire 1, question 5(ii): The changes In the
prediction of the In-wear confort of a fabric after wearing the fabric
for approxlaately 5 minutes. (The number of people who changed their
minds)

STREHTJOUS ACTIVITY NORKAL ACTIVITY
Fabric
number
Comf-tUncomf Uncomf-»Comf Comf-tUncomf Uncomf-tComf
1 0 1 3 0
2 1 1 2 1
3 1 1 1 1
4 0 0 0 0
5 4 0 5 0
6 0 1 0 0
7 3 0 4 0
6 0 1 1 2
9 0 3 0 1
10 0 3 @ 0 0
11 1 2 0 2
12 0 1 0 0
13 2 0 1 0
14 0 1 0 0
15 0 0 1 5 @
16 3 D 0 0 3 O
17 3 D 0 0 6 (@
18 3 D 3 0 0
19 1 0 0 1
20 3 @ 3 @ 0 0
21 0 2 O 0 0
22 2 O 0 2 O 0
Hote:

The figures in parentheses are the actual number of answers given to the
question when less than 20 people answered the question. The adjacent
value has been corrected to be equivalent to 20 people answering the
question. -
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Tnhip 11 Questionnaire 1, question 4.1, 4.2, 4.3 and 5<

The difference in the handle properties of the fabric in relation to
comfort after 5 minutes of wear and after wearing the garment for a
number of hours.

(The numbers in the table are centimeters (as a proportion of a 18cm
line).

Rough -» slippery Hot w cold Stiff w limp
Fabric Diff 1 Diff 2 Diff 1 Diff 2 Diff 1 Diff 2
number Kean SD Mean SD Mean SD Mean SD Mean SD Mean SD

i -0.8 ((1.8) -1.3 (1.8 -0.5 (2.5) -2.8 (0.9) -0.2 (1.3) 17 @.2)
2 0.8 (.5) -2.0 (1.3) -0.5 (2.2) 0.3 (1.4) -0.1 (1.2) -0 1 (0.3)
3 0.4 (@.1) -1.8 (1.1 =-0.1 (1.9) -1.5 (1.1) 0.3 (1.0) -2 6 (0.0)
4 0.3 <1.0) -1.1 (1.5) 0.3 (1.6) -0.1 (0.0) -0.4 (1.5) -1 5 (@.7)
5 0.6 a.2) -3.6 (0.1) 0.1 (0.9) -2.9 (0.0) 0.0 (0.9) -2 8 (0.0)
6 0.1 a. 1) 0.0 (1.3) 0 1 (0.0) -0.2 (1.0)
7 0.2 (1 3) -2.4 (2.3) 0.1 (1.4) 0 1 (0-0) 0.7 (1.1) 07 (0 5)
8 0.5 (2 3 -1.4 (2.8 -0.3 (2.0) -0 9 (1.8) @ = (1.2) 10 (0 0)
9 07 <0 9) -2.3 (0 0) -0.3 (1.7) 0.4 (0.8)
10 -0 4 (0 7" -1.7 (0.0) 0.1 (0.3) -1.9 (0.5)
11 -1 0 ci 4 -1.2 (2 0) -0.5 (1.8) 13 (0.9) -0.1 (0.8) -2 1 (0 0)
12 14 (O 8) 0.3 (0 3) 0.4 (0.6) -0 6 (0.7) 0.5 (0.8)
13 07 @10 -1.1 Q1 1 0.1 (0.8) -3 1 (0.0) -0.1 (0.6) 01 (0 0)
14 03 (o -1.1 (Q 4 -0.8 (1.7) -1 6 (0.0) 0.0 (0.7)
15 14 @ 0) -3.7 (0 0) -0.7 (1.9) 0.6 (0.7)
16 -1 6 (© 8) -1.3 (@ 4) -1.7 (1.4) 0.0 (0.5)
17 11 @ 1) -1.8 (@ 7 -1.7 (2.0) -2 0 (1.3) =-0.2 (0.4) 10 (0 0)
18 -0 2 (0 6) -0.2 (0.5) 0.1 (0.2)
19 -0 4 (20 -1.1 (@ 1 0.3 (1.4) -1 0 (2.3) 0.1 (0.9)
20 05 (0.9 0.3 (0.8) 0.3 (0.7)
21 -0 7 (@ 1) -0.4 (0 9 0.2 (0.7) 0.1 (0.0) -0.1 (0.7)
22 0.6 (1.8) -2.2 (0.0) 0.4 (1.4) 0.8 (1.4)
e
Diff 1 = The assessment of the handle properties of the fabric minus the
comfort assessment (indicated on the same line). A positive value means that

the fabric is considered to be more slippery, cold or limp than comfort.

Diff 2 = The assessment of the in-wear properties pf the fabric after 5 minutes
minus the comfort assessment (indicated on the same [line). A positive value
means that the fabric 1is considered to be more slippery, cold or 1limp than
comfort. If the number is missing from the cell it means that the subjects did

not change their rating for the property between handle and wearing the fabric.

iumbers in parentheses are the standard deviation. The mean is taken
the subjects.

from all
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Table 12 Questionnaire 2, question 3 : The comfort nf the 4in

terns af its llt-before and.after washing the garment. (Humber of
answers)

Comfort Fit
Fabric
number  Very good Average Uncomfortable Baggy Average Tight
1 3 23 14 1 16 23
2 1 36 3 20 19 1
3 12 21 7 0 19 21
4 6 33 1 5 33 2
5 7 33 0 5 33 2
6 14 26 0 5 33 5
7 2 36 2 9 26 5
8 8 25 7 10 23 7
9 3 34 3 11 28 1
10 7 13 6 0 8 18
11 3 32 5 7 26 7
12 4 35 1 9 29 2
13 3 33 0 10 24 5
14 7 24 5 4 25 7
15 10 23 3 .3 22 11
16 4 8 2 6 8 0
17 2 10 2 4 9 1
18 3 9 0 4 6 2
19 8 24 4 4 17 15
20 0 24 6 22 8 0
21 8 14 0 4 15 3
22 1 21 4 16 7 3
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TABLE 13

Questionnaire 2, question 10: Ho* does the fabric feel against the skin during different activity levels
(Nuiber of people)

ROUSH TO SLIPPERY

STRENUOUS ACTIVITY NORMAL ACTIVITY SITTING

SENSATION 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 %
TABRIC

NUVBER
1 0 3 1 1 4 0 0 3 1. 7 0 0 4 0 19 5 0
2 0 1 0 B 4 0 0 3 1 5 1 o 0 2 0 B 8 0
3 0 0 1 4 8 0 0 2 22 5 0 0 0 1 19 1 o0
1 0 0 3 9 7 0 0 0 3 B 19 0 0 0 1 B # o0
5 1 1 1 5 10 31 6 B 1 1 2.1 1. B8 9 1
6 0 0 0 1 1 1 0 0 0 B 2% 1 0 0 0 10 20 1
7 0 1 110 1 0 3 4 22 9 0 2.2 1 B 8 0
8 0 0 0 1 12 0 0 0 1 1 3 1 00 0 1 20 0
9 0 0 0 2 5B 1 0 0 0 3 3 2 0 0 0 0 2 0
10 0 0 0 3 7 0 0 0 1 10 15 0 0 0 1 6 1 0
1 0 0 0 3 7 2 0 0 1 ¥ 5 ¢ 0 0 0 IS § 0
2 0 0 0 0 9 2 0 0 0 2 5 3 0 0 0 2 1B 4
13 0 0 1 4 4 2 0 2 3 6 7 1 0 3 3 S 10 2
N 0 0 0 S 6 0 0 0 3 6 7 2 0 1 1 10 55 2
IS 0 0 1 5 4 0 0 0 3 2 2 1 0 0 0 8 9 1
IS 0 2.0 2 0 0 0 2 0 8 4 0 0 0 0 6 4 0
i 0 0 0 2 0 0 0 2 0 7 5 0 0 0 0 5 5 0
18 0 0 0 1 6 0 0.0 0 3 9 0 0 0 0 1 7 0
19 0 0 2 9 8 0 0 0 4 B IS 0 0.0 0 9 2 0
2 0 0 0 0 3 0 0 0 2 185 1 1 0 0 0 1 1B 3
21 0 0 0 2 3 0 0 0 0 7 B 0 00 0 3 8 0
» 0 0 0 0 3 0 0 0 I 9 15 0 0 0 1 3 1 0

WIHERE THE SENSATION CODES ARE:
1 = VERY ROUGH, 2 = ROUSH, 3 = COARSE, 1 = SLIGHTLY COARSE, 5 = SMOOTH, 6 = SLIPPERY
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SITTING

NORMAL ACTIVITY

STIFF TO LINP

Appendix!

STRENUOUS ACTIVITY

2

Questionnaire 2, question 10: Ho» does the fabric (eel against the skin during different activity levels
1

TABLE 14
SENSATION
FABRIC
NUMBER
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LINP, 6 = VERY LINP

1 = VERY STIFF, 2 = NODERATELY STIFF, 3 = SLIGHTLY STIFF, 1 = SLIGHTLY LINP, 5 :

«HERE THE SENSATION CODES ARE:
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SITTING

NORMAL ACTIVITY

Appendix 1
VET T0 DRY

STRENUOUS ACTIVITY
2

Questionnaire 2, question 10; Hoe does the fabric (eel against the skin during different activity levels
1

TABLE 15
SENSATION
FABRIC
NUMBER
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WHERE THE SENSATION CODES ARE;
VERY VET, 2 = VET, 3 = DAWP, 1 = STICKY, S * DRY

1:
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SITTING

NORMAL ACTIVITY

Appendix |

COLO TO HOT

STRENUOUS ACTIVITY

2

Questionnaire 2, question 10; Hoe does the fabric (eel against the skin during diilerent activity levels
1

TABLE 16
SENSATION
FABRIC
NUMBER
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VERY HOT

HOT, 7

AR, 6

NEUTRAL, 5

= Co0L, 4

coo, 3

VERY COLD, 2

WIHERE THE SENSATION COOES ARE:

1
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Appendix 1

: The number nf penple whn

cnnmented on the occurrence of a discomfort sensation whilst wearing th»

trial garment.

Questionnaire 2, question 12

Table 17

(The table takes into account the wearings before and after washing)
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NB, A rank of I means that it is the most common sensation,
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The statistical methods:

The methods used to assess the public questionnaire data were ch

osen fro
the widiet se?egti?n of tests available with the help of Nr Latha:
Univereity of Salford, Mathematics Dept.) and Dr. R. NcNa (
Manchester, Medical School). mee (niversity of
The two main metbods, Friedmans test for multiple comparisons and the Chiz
test are outlined below.

Statistical analysis using the Friedman test for multiple comparisons,
(Conover, 1980) , .

The following formulae was used:

T. = test statistic =_( b-1) [ Bo-bk (k+1)= /4]
Az - Bz

Vhere:
A> is computed by squaring each rank value in the table and summing.
B- is 1 divided by the number of judges multiplied by the sum of the square
of the rank totals.
b = the number of interviewees answering the question.
X = the number of different factors (eg fibre, sensation).
To calculate the degrees of freedom = (b-1)(k-1) h k= b- =
(b-1) (k-1 + where ky= b-1 and k2
For the degress of freedom calculated, if the value of T2 is

greater than
the value in the 0.975 quantile of the F-distribution (from the distribution
table), the null hypothesis is rejected at a = 0.05
If the null hypothesis is rejected, then a multiple comparison ¢
to determine the difference betwee; the results: P d an be made

to7s = [2h(A2-B2))* = the sum total of any two factors which are more
[(b-1>(k-1)] than this value apart, may be regarded as unequal
For example, question 10, if nales ABCl 55+ are considered, the sensations

were ranked in the following manner:

Tickle Vet cling Tight fit

Ranked 1 13 3 23
Ranked 2 14 15 10
Ranked 3 12 21 6
Rank total 77 96 61

A> = 546, Bz = 1/3 (772 + 96= + 61= ) = 483.7
b = 39 k=3 k. = 38 k- = 76

T, = _(39-1) [483.7 - 30x3 (3+1)2/4] = 0.6
546 - 483.7
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The F-dietribution for the .95 quantile with ky = 2 and k. = 76 i¢ 3.13
‘The null bhypothesis is rejected.

t.ﬁ"ﬁ\ = ol had = 7\99

[ @9-1@-1)

tere 158 199 for 76 degrees of freedom (from the t-distribution table),
therefore, any two eensations with a rank sur of more than 7.99 units
difference may be regarded as unequal.

(Moroney, 1979)

This method was chosen because it is a well known standard statistical
method. It is suitadble for determining significant differences between
factors whick have been assessed by dffering numbers of people (subjective
results). Vhen comparing separate groups with the same numbers in each
group the goodness of fit was used.

Initially a null bhypothesis is put forward and the aim is to see {f the
hypothesis is supported. The factors to be compared are set out in a table
and the observed numbers inserted. Secondly  the expected numbers are
calculated using the following formulae:

Expected number =
grand total

Thirdly the x* value for each cell of the table is calculated.

x* value = (gbserved pumber - expected number)z
expected number

The sum total of the x* values is taken.
The degrees of freedom are calculated, (number of rows - 1) x (number of
columns - 1)

The total x* value is compared to the x* values in statistical tables for
the appropiate degrees of freedom to the 5%, 1% and 0.1% significance level.
If the x* value calculated is lower than the table value, then the null
hypothesis is supported.

The certainty with which a statistical analysis is supported is termed:
Significant for the 5% level.

Highly significant for the 1% level.

Very highly significant for the 0.1% level.
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Iable 1 ;
next to your skin?(Number of answers).

Age Group 16-25 26-40 41-54 55+ 16-55+
ISocial clags 11 2 1420 1 2 1+2711 2 1+2 {1 2 142 11 2 142
| ¥ales and Females

Very 42 48 90' 37 66 103 | 44 69 113 [48 80 128 (171 263 434

Fot really 39 80 119) 42 70 112 |33 61 94 |32 64 96 -|146 275 421
Vear anything| 1l 44 55 927 36| 822 30| 325 28 | 31118 149

Nales

Very 20 26 46| 15 29 44 {14 27 41 |20 33 S3 | 69 115 184
Fot really 18 3¢ 57} 24 31 S5 )15 34 49 |17 32 49 | 74 136 219
Vear anything| 521 267 518 23| 713 20| 217 19 | 19 69 &8

females

Very 22 22 4422 37 59130 42 72 {28 47 75 1102 148 250
Fot really 21 41 62)18 38 57 118 27 45 ;15 32 47 | 72 139 211
Vear anythingj 6 23 29| 4 9 13, 1 9 10 |1 8 9 {12 49 61

Key:
Social class 1 = non-manual workers (ABCl), social class 2 = manual
workers or unemployed (C2DE), social c¢lass.1+2 = ABCI1C2DE.

Statistical analysis of question 1 using the chi-square method.

The null hypothesis: The fibres are equally acceptable to males and females.
Chi-square value = 13.71 with 2 degrees of freedon.

The =null hypothesis is disproved and "there is a highly seignificant
difference in how particular men and women are about the fibres they wear
next to their skin. Vomen are more particular.

The null bypothesis: The fibres are equally acceptable to the different age
TOUPS.

ghi—square value = 21.49 with 6 degrees of freedom.

The null hypothesis is disproved and there is a highly significant
difference in how particular different age groups are about tbe fibres they
wear pext to their skin. In general the older age group was more particular
than the younger age group.

The null hypothesis: The fibres are equally acceptable to the different
social classes.

Chi-square value = 21.44 with 2 degrees of freedom.

The null bhypothesis is disproved and there is a highly significant
difference between the social classes. In genperal the social classes C2DE
had a bigber proportion ©f people who said that they were not particular

and not really particular than classes ABCl. The majority of ABC1 social
classes ‘were very particular.
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determine the fibre content of a garment when purchasing.

Age group 16-25 26-40 41-54 55+ 16-55+

| Social classll 2 142 1.1 2 142 1. 2 1+2 12 1+20 1 2 1+

{ ¥ales and Females

Always 24 42 66 | 43 57 100 | 40 61 101 | 47 75 122 |154 235 389
Sometimes 3056 86 | 2659 85 | 3342 75 | 25 54 79 ]114 211 325
Never 38 74 112 | 19 47 66 | 12 49 61 | 11 40 51 | 80 210 290
 Males

Always 11 23 34 | 16 26 42 920 20 | 18 24 42 | 54 93 147
Sometimes 1329 42 [ 1320 38 | 16 20 36 | 12 30 42 | 54 104 158
Never 19 34 53 | 1527 42 | 10 35 45 9 28 37| 53 124 177
| Females

Always 13 19 32 [ 27 31 S8 ) 3141 72 | 29 51 B8O |100 142 242
Sometines 17 27 44 13 34 47 17 22 39 13 24 27 6% 107 167
Fever 19 40 S9 4 20 24 2 14 16 212 14 | 27 86 113
Key: .

Social class 1 = non manuval workers (ABCl), social class 2 = manual

workers or unemployed (C2DE), social class 1+2 = ABCI1C2DE.
Statistical analysis of question 2 results usinpg the chi-square method.

The null hypothesis: Ken and women are equally likely to look at garment
labels to determine the fibre composition of a favric.

Chi-square value = 38.1 with 2 degrees of freedon

The pull hypothesis is disproved and there is a very highly eignificant
difference between men and women. Vomen tend t0 look more often.

The null bypothesis: People in the different age groups are equally likely
to look at garment labels for the fibre type.

Chi-square value = 48.4 with 6 degrees of freedom.

The pull hypothesis is disproved and there is a very bighly significant
difference between the age groups. The 55+ age group tended to look at
garment labels more frequently than all the other age groups and the 16-25
age group looked at labels the least.

The Bull hypothesis: People in different social classes are equally likely
<o look at the garment label for the fidre type.

Chi-square value = 11.24 with 2 degrees 0f freedom.

The null hypothesis 1s dispraved to a significant level. The social classes
ABC1 are more likely to look at the garment label to determine the fibre
content before purchasing clothing.



Age gToOup i 16-2% ] 26-40 41-54 55+ 1 16-55+
12142 12 3+2% 3 2 1421 4 2 342 13 2 Y2
Xnles and Feanlas
VP4 18 30 48 24 43 47 |32 48 8¢ | 37 61 S8 1131 182 293
\1d4 p2 719 9 18 27 |10 14 24 19 13 23 41 52 o0
vP/3 h2 11 23 4 5 9 2 0 8 1 6 7 19 28 47
TRP/A 6 1117 15 14 2% 810 18 |-9 13 22 I8 48 86
TRP/S 18 38 54 17 34 51 121 26 47 | 14 30 %@ 7% 132 202
TRP/E 15 33 <8 10 22 32 426 30 915 24 38 96 134
VA/A e 1 1 LI I ) ¢ 3 3 1 1 2 S S5 10
VA8 ¢ 13 1) ¢ 7 7 2 2 4 1 5 6 3 27
VA/Y 11 30 41 5 20 2% 6 17 23 119 20 23 86 100
| Kales
VP/A 8 15 23 18 19 29 7 18 22 15 20 2% 40 69 109
YP/S S S 10 3 S & 6 6 12 4 913 18 25 (%)
TP/1 ?7 813 2 5 7 1 5 6 1 4 5 11 20 AN
TRP/L 1171 S 712 2.3 8 2 408 12 21 33
BRP/S 8 18 26 10 15 28 10 13 23 8 18 28 36 64 109
FRP/X 71421 s 918 319 22 71017 26 52 78
vaZd ¢ 1 1 18 1 ¢ 11 1 0 1 2 2 4
VA/S [T * S S 12 3 o 3 23 1 16 17
va/l 5 14 19 43317 611 17 11418 16 52 68
BTI T
YP/A 10 15 25 {14 24 38 2% 33 58 |22 41 83 71 113 184
YP/S 7T 29 61319 4 .8 12 & 410 23 27 Se
Lida ! 5 518 2 0 2 11 2 s 2 2 8 8 18
FRP/A 3 4 7 16 717 6 713 7 918 2% 27 82
TRP/S 10 18 28 719 26 (11 13 24 6 18 24 34 68 102
TRP/Y - | 819 27 113 14 17 8 2 5 7 12 44 56
YA/A ¢ ¢ 8 |3 03 * 22 ° 1 1 3 3 ¢
VA/S * 7 7 ¢ 2 2 11 2 12 3 2 12 14
va/l 6 16 22 1 7 8 o 6 & e 5 s 7 34 41

Ley: VP = Very particular QL2
JRP = Jot very particular (Ql)
VA = Vear aanythisg QL)

-4 ® Always Jook at label (@)
S = Sometimes look at label (Q2)
¥ & Jever (Q2)

Social class 1 = ucu~manual workers (ABCl), soctal class 2 = manual
workers and unemployed (C2DE), social class 142 = ABCIC2DE.

Stagistical analysis of questics ) vermus 2 using the chi-sguare method,

The dull bypotbesis: The extent to -which people look at garment labels for
the fidre content i% not related to how particular they say they are about
the fibres they chocse tG wear darxt t0 thair skin.

Chi~squars value = 578.1 with 2 degrees of {reedom.

The null bypotbesis is disproved apd there is a very highly significant
ditfersnce betvesn the pecple who look at garment labels and Bow particular
they say they are about the fibres they chooss tO wear pext to their skinm.

Iable 3.1

The relatiopship betveen the answer an interviewes gave to
question J_sxpressed in_terns of a parcantage of the apswer the sang

interyisxse gavye o questian 2,

Very Particular Jot really Vear anytding
Awys 84.9% 20.0% 16.13
Somtimes 24,01 -48.4% .73
Jever 11.13 26.0% 74.23
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Iable 4 :
1o be worn next 1o the skin, (Number of answers)
4.1 TIHE FIRST CHOICE
Age group 16-25 26-40 41-54 55+ 16-55+
1.2 #2131 2 1421 1 2 J+2] 3 2 42| 1 2 142
|L¥ales and Females
1) Acrylie 2 2 4 ] 5 5 '] 4 4 ) 3 3 2 14 16
2)Cotton 62 112 174 |62 126 188 | 64 126 190 {66 131 107| 254 495 749
3)¥ylon 2 6 8 2 2 4 1 S ] 1 8 9 6 21 27
4)Polyester | @ 1 1|2 5 7/ 3 2 5|2 5 =" 7 13 20
5)S1ilk 10 22 32 |13 17 3¢ |16 19 5110 7 17 49 55 104
6)Acetate @ © 03190 © o/ 0 © o]0 o o e o o
7)Viscose ] 1 1 1 1 2 [] ] ] ] 1 b 1 3 4
8)Vool 2 12 14 e ) 2 [] 4 4 2 11 13 6 27 33
9)Mohair ] ) ") 1 3 4 Q ? [ ? 2 0 1 3 4
10)Angora 6 2 812 2 4]0 1 1]le o o 8 65 13
11)Lambswool| 8 14 22 3 2 ] 1 1 2 2 3 S 14 20 34
| ¥ales
1)Acrylic 2 1 3 e 2 2 e 2 2 2 o 0 2 5 7
2)Cotton 28 56 84 33 66 99 33 62 95 31 60 91 125 244 370
3)¥ylon 2 2 4 o 1 1 o 2,2 1 6 7 3 11 14
4)Polyester | @ © 0 112 o 1 1 e 2 2 1 4 5
5)Silk 3 811 6 6 12 2 4 6 4 4 8 15 22 37
6)Acetate 2 ° o 2 2 0o e 0 9. 2 ° ° ® o 0
7)Viscose o o o e 0 0 e 0 o 0 0 o o o o
8) Vool 2 9% 11 2 0 2 e 3 3 2 8 10 6 20 26
9)Mohair o 0 9o e :1 1 e o 0 2 2 o o 1 1
10)Angora 2 1 3 o -1 1 2 0 0 2 2 0 2 2 4
11)Lambswool| 4 © 13 2 0 2 1 o 1 1 2 3 8 11 19
| Females
DAerylic -l @ 1 1 23 3 0 2z 2 e 3 3] 0 9o o
2)Cotton 34 56 go 29 60 89 31 64 95 35 71 106 [129 251 380
3)Nylon 0 4 4 2 1 3 1 3 4 o 2 2 3 1o 13
4)Polyester o 11 1 4 8§ 3 1 4 2 3 5 6 g 15
5)Si1k 7 14 23 7 11 18 14 5 10 6 3 9 34 33 67
6)Acetate e 9 ¢ o 0 o 2 0 o e 0 [} "] ? ]
7)Viscose e 1 1 11 2 2 0 o % 1 1 i 3 4
8)Vool e 3 3 9 0 0 o 1 1 o 3 3 [} 7 7
9)Mohair 2 2 0 1 2 3 o o o o 0 [ 1 2 3
10)Argora 4 1 5 2 1 38 e 11 2 2 o 6 3 9
11)lambswool| 4 S5 ¢ 1 2 3 o 1 1 11 2 6 9 15
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4.2 IEHE SECORD CHOICE

Age group 16-25 26-40 41-54 55+ 16-55+
|Social classl 1 2 14211 2 142 [ 1 2 1421 1 2 1421 1 2 142
| Males and Femaleg
D Acrylic 2 8 10 6 12 18 21012 | 21113 12 41 53
2)Cotton 17 33 5o 13 26 39 13 16 29 12 23 35 55 98 153
3)¥ylon 8 816 4 15 19 519 24 6 17 23 23 59 82
4)Polyester | 9 19 28 20 21 41 14 47 61 12 32 44 55 119 174
5’811k 17 44 61 14 51 66 31 42 73 30 48 78 62 186 278
6)Acetate o 0 o 1 1 2 e 0 0 1 1 2 2 2 ¢4
7)Viscose 0 4 4 2 3 5 1 0 1 l1 4 5 4 11 15
8) Vool 13 16 29 13 14 27 10 13 23 17 28 45 51 71122
9) Mohair 4 6 10 1 0 1 e 0 o 2 o o 5 6 11
10)Angora 7 8185 4 3 7 11 2 2 0 0o 12 12 24
11)Lambswool {15 26 41 10 16 26 9 413 2 5 7 36 S1 87
¥ales
1)Acrylic 2 6 8 3 6 9 1 4 5 e 7 7 6 23 29
2)Cotton 9 19 28 6 8 14 1 910 6 15 21 22 51 73
3)¥ylon 5 5 10 4 12 16 111 12 4 13 17 14 41 55
4)Polyester {5 9 14 9 8 17 10 21 31 5 14 19 29 52 81
5)81i1k 8 18 26 5 18 23 14 16 30 12 8 20 39 60 99
6)Acetate o 0 ©° 11 2 e 0 @ 2 0 @ 1 1 2
7)Viscose 0 1 1 @ 2 2 o 0 o 1 2 3 1 5 6
8) Vool 8 6 14 10 717 6 10 16 11 21 32 33 44 77
9) Mohair o 2 2 e 0 o 2 0 o o o @ ("] 2 2
10)Angora e 2 2 1 3 4 1 1 2 © o o e 6 8
11)Lambswool | 6 18 24 513 18 3 2 5 o 2 2 14 35 49
| Females
1)Acrylic o 2 2 3 6 9 1 6 7 2 4 6 6 18 24
2)Cotton 8 14 22 7 18 25 12 7 19 6 8 14 33 47 8e
3)Kylon 3 3 6 e 3 3 4 8 12 2 4 6 9 18 27
4)Polyester |4 10 14 11 13 24 4 26 30 7 18 25 26 67 93
5)Silk 9 26 35 9 34 43 17 26 43 18 40 58 53 126 179
6)Acetate e o o ¢ 0 o 2 0 o 11 2 1 1 2
7)Viscose e 3 3 2 1 3 1 0 1 e 2 2 3 6 9
8) Vool 5 10 15 3 710 4 3 7 6 7 13 18 27 45
9)Mohair 4 4 8 1 0 1 2 0 @ o 0 0 5 4 9
190)Angora 7 613 3 9 3 e o o 2 0 o 10 6 18
11)lambswool | 9 8 17 S 3 8 6 2 8 2 38 5 22 16 38
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i
4.3 THE TEIRD CHOICE
Age group 16~25 26-40 41-54 55+ 16-55+
2. 142 1.2 142 1.2 142 1_2 142 1 2. 1+2
| Males and Females
1)Acrylic 11 18 29 10 26 36 10 23 33 9 18 27 40 87 127
2)>Cotton 6 17 23 5 4 9 5 4 9 310 13 19 35 54
3)Fylon 10 16 26 5 13 18 10 18 27 312 15 28 5% 87
4)Polyester | 3 32 35 17 38 85 19 38 57 17 83 70 56 161 217
5)S1ilk 20 17 37 22 23 45 16 26 42 18 32 50 76 98 174
6)Acetate o 0 0 1 3 4 e 3 3 S 4 9§ 6 10 16
7)Viscose 1 2 3 S 3 8 1 6 7 1 5 6 8 16 24
8) Vool 12 22 34 8 16 24 10 12 22 9 15 24 39 65 104
9)Mobair 7 613 1 5 6 e 2 2 11 2 9 14 23
19)Angora 110 11 2 7 9 4 0 4 1 1 2 8 18 26
11)Lambswool |21 32 53 12 25 37 10 20 30 16 17 33 59 94 153
Maleg
1)Acrylic 6 12 18 5 15 20 3 11 14 2 810 16 46 62
2)Cotton 110 11 3 2 8§ 2 3 5 2 6 8 7 21 28
3)¥ylon 8.10 18 5 9 14 6 12 18 @ 5§ 19 36 5%
4)Polyester | 2 17 19 7 16 23 6 18 24 12 20 32 27 71 98
5)S11k 7 11 18 7 7 14 9 12 21 6 18 24 29 48 77
6)Acetate e ¢ o 2 2 2 e Q. 9 3 1 4 3 3 8
7)Viscose 1 1 2 4 1 5 e 2 2 1 3 4 6 7 13
8) Vool 7 11 18 5 6 10 5 5 10 2 10 12 19 32 851
O)Mohair 2 1 3 2 4 4 2 1 1 1 1 2 3 7 1@
10)Angora 1 2 3 172 3 1 0 1 2 1 1 3 5 8
il)Lambswool | 8 11 19 7 14 21 4 10 14 10 © 19 29 44 73
| Females
1)Acrylic 5 611 511 16 7 12 19 7 10 17 24 39 63
2)Cotton 5 712 2 2 4 3 1 4 1 4 5 11 14 25
3)Fylon 2 6 8 o 4 4 4 6 10 3 710 9 23 32
4)Polyester | 1 15 16 10 22 32 13 20 33 5 33 38 29 90 119
5)Silk 13 6 19 15 16 31 7 14 21 12 14 28 47 50 o7
6)Acetate o 0 o 11 2 e 3 3 2 3 8§ 3 7 10
7)Viscose e 1 1 1 2 3 1 4 5 0 2 2 2 9o 101
8)Vool 5 11 16 3 10 13 5 712 7 6 13 19 34 53
9)Mohair 5 510 11 2 2 1 1 2 o o 6 7 13
10)Angora ¢ 8 8 1 5 6 3 ¢ 3 1 0 1 5 13 18
11)Lanbswool |13 21 34 511 16 6 10 16 6 8 14 30 50 8o
Key:

Social class 1 = non-manual workers

(ABC1), social class 2 * manual
workers and upemployed (C2DE), social class 142 = ABCI1C2DE.
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First choice

The null hypothesis: All fibres are equally preferred.
Chi-square value: 34.65 with 10 degrees of freedom.
The null hypothesis is disproved to a very bighly significant level.

The fibres are ranked in the following order of preference to a highly
significant level using the chi-square method:

Cotton -

S1lk

Lambswool, wool, nylon, polyester

Acrylic, angora

Viscose, mobair, acetate.

The null hypothesis: The two social classes have equal preferemce for the
fidbres specified.

Chi-square value for all the fibres 34.65 with 10 degrees of freedon
The pull bypotbesis is disproved to a very highly significant level.

The pull hypothesis: Males and females have equal preference for the fibres
specified.

Chi~square value = 43.39 with 10 degrees of freedom.
The null bypothesis is disproved to a very highly significant level.

The null hypothesis: The four age groups specified have equal preference tao
the fibres.

Chi-square value for all the fibres = 73.62'withk 33 degrees of freedonm.

The null hypothesis is disproved to a very highly significant level.

Second Chojce

The rank order 0of the fibres (as determined by simple rank totals) is as
follows:

Silk, Polyester, Cotton, Vool, Lambswool, Nylon, Acrylic, Angora, Viscose,
¥ohair, Acetate. . .

Third Choice

The rank order of the fibres (as determined by simple rank totals) is as
follows:

Polyester, Silk, Lambswool, Acrylic, Vool, Fylom, Cotton, Angora, Viscose,
Mohair, Acetate. .

The values in tde table for cotton are greater than the number of pecple
answering the questiopnaire, and the values for cotton as a second and
tkird choice appears large because some interviewees said that cotton was
their firsi, second and third choice, and the fibre was allocated this
ranking. It is suggested that the first choice is the most accurate value
for cotton. Yhen an interviewee did not specify cotton as their first choice
they invariably specified it as their second choice.



Table 5 . Question 3b:
against your fikUu

THE 9th.
Age group 16-25
2 1+2
Acrylic 31 53 84
Cotton 1 2 3
Iylon 50 67 LIT
Polyester 32 4 76
Silk 11 26 37
Acetate 21 37 56
Viscose 25 45 70
Vool 23 46 69
Xohalr 47 98 145
Angora 13 54 67
Lambevool J20 37 57
lo more * 12 7 9
JAcrylic 12 23 35
Cotton 1 0 1
Bvlon 18 30 48
Polyester 12 25 37
Silk 5 13 18
Acetate 9 17 26
Viscose 1 21 32
Vool 15 23 38
Xohalr 28 54 82
Angora 7 24 31
Lamosvool 1n 23 34
lo more * 0 5 5
Femles
Acrylic 19 30 49
Cotton 9 2 2
lylon 32 37 69
Polyester 20 19 39
Silk 6 13 19
Acetate 12 2» 32
Viscose 14 24 38
Vool 8 23 31
Xohalr 19 44 63
Angora 6 30 36
Lambswool 9 14 23
lo more + 2 2 4

Social class 1 * non-manual
workers and unemployed (C2DE),

= * Jo acre dislikes.

Statistical analysis of Question 3b usin;

The null hypothesis: All
Chi-square value

The null
feaales.

hypothesis:

AppaaUx 2

Ifre three fibres you wnulri
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55+

43

66
17
17
35

52
97
60
41
24
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social

tn -wear
16-55+

1+2 .1 21+2
70 21 176 297
1 1 4 5
96 53 236 391
30 73 102 175
21 20 64 64
63 66 125 211
53 87 131 216
71 90 202 292
144 166 412 596
119 123 266 389
60 85 194 279
25 19 51 70
42 56 87 43
0 1 0 1
50 70 116 166
20 34 65 9
14 10 40 50
31 38 59 97
31 47 67 114
26 42 91 133
59 87 193 260
50 56 109 165
21 33 97 130
17 12 36 46
26 65 69 154
1 0 4 4
46 63 122 205
10 39 37 76
7 10 24 3#
32 46 66 114
22 40 64 104
43 46 111 159
85 99 219 316
69 67 157 224
39 52 97 149
8 7 15 22

class 2 annual

the chi-square aethod.

iibres are equally preiered.
959.08 with 10 degrees of freedom.
The null hypothesis is disproved to a very highly significant level.

The fibres

are equally

Chi-square value * 22.1 with 10 degrees of freedom.
The null hypothesis is disproved to a significant level.

The null hypothesis:

social classes.

The fibres are equally unacceptable to the different

Chi-square value * 1627.24 with 10 degrees of freedom.
The null hypothesis is disproved to a very highly significant level.

The null hypothesis:

age groups.

The fibres are equally unacceptable to the different

Chi-square value * 110.05 with 33 dgrees of freedom.
Tha null hypothesis

unacceptable

to

Bales and

Is disproved to a very highly significant degree.

343
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Table € Question 3b v 4: For the three fibres which were most

2 (Rumber of answers).
The figures for the six most unpapular fibres are shown.

MOHAIR

Age group 16-25 26-40 41-54 55+ 16-55+
ISocial class 1 2 442 3 2 142 1 2 42 1 2 142 1 2 142
| Males and Femaleg

100% 7 916 4 11 15 31215 3 811 17 A0 %7
99%-50% 17 46 63 16 30 46 15 31 46 14 24 38 62 131 193
49%-1% 12 26 38 16 41 57 19 28 47 17 29 46 64 124 188
0% 12 17 29 9 23 32 9 38 47 13 34 47 43 112 155
{Males

100% 4 4 8 4 5 9 2 4 4 2 2 4 10 15 25
99%-50% 9 25 34 S 13 18 615 21 3 912 23 62 85
49%-1% 8 13 21 8 16 24 o 13 22 9 14 23 34 56 00
0% 8 12 20 3 14 17 4 18 22 6 13 1¢ 21 7 18
Females

100% 3 5 8 2 6 6 3 8 11 1 6 7 7 25 32
99%-50% 8 21 29 11 17 28 9 16 25 11 15 26 39 60 108
49%-1% 4 13 17 8 25 33 19 15 25 8 15 23 30 68 98
% 4 5 9 6 915 $ 20 25 7 2128 22 55 77
ANGORA

Age group 16-25 26-40 41-54 55+ 16-55+
Social class 1 2 142 1 2 142 4 2 142 1 2 1421 2 142
‘ ,

100% - 81422 51722 513 18 41216 22 56 78
99%-50% 23 53 76 17 43 60 20 40 60 14 30 44 74 166 240
49%-1% _ 16 30 61 18 51 69 22 38 60 17 33 %0 73 152 22%
% ' 16 18 34 11 32 43 11 43 54 18 41 57 54 134 188
| ¥ales

100% 5 7 12 4 812 1 5 6 2 5 7 12 25 37
99%-50% 14 28 42 6 18 24 11 20 31 312 15 34 78 112
49%-1% - 10 15 25 8 21 29 10 16 26 8 12 20 36 64 100
2% 10 1t 21 4 17 21 4 23 27 7 1% 22 25 66 9t
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| Females

100% 3 710 1 910 4 8 12 2 79 10 31 41
99%-50% 9 2534 1125 36 9 20 29 11 18 29 40 88 128
49%-1% 8 15 21 10 30 40 12 22 34 9 21 30 37 88 125
% 6 7 13 7 15 22 7 20 27 9 26 3% 29 68 97
FYLOR

Age group 16-25 26-40 41-54 55+ 16-55+
Sacial class 1.2 142 1 2 142 1.2 12 1 2 142 1 2 1+2
| Males and Females

100% 10 10 20 6 13 19 6 6 12 1 8 9 23 37 60
99%-50% 27 36 63 21 18 3% 13 16 29 12 19 31 73 89 162
49%-1% 11 28 39 17 34 51 14 13 27 15 25 40 57 100 157
0% 16 15 31 52126 4 13 17 8 26 34 33 75 108
| ¥ales

100% 3 5 8 3 4 7 3 36 . 5 § 9 17 26
99%-50% 10 17 27 1o 8 18 6 8 14 6 7 13 32 40 72
49%-1% 4 10 14 9 20 29 3 710 9 10 19 2% 4T T2
0% 70714 4 13 17 2 7 9 5 13 18 18 40 58
| Females

100% 7 512 3 912 I 3 6 1 3 4 14 20 34
99%-50% 17 19 36 11 10 21 7 815 6 12 18 41 49 90
49%-1% 7 18 25 8 14 22 11 6 17 6 15 21 32 53 8%
0% 9 817 1 8 9§ 2 6 8 3 13 16 15 35 50
ACRYLIC

Age group 16-25 26-49 41-54 55+ 16-55+
Speial class 1 2 442 1 2 142 1.2 J+2 1.2 142 1 2142
| ¥ales and Females

100% 8 10 18 8 8 16 6 713 5 813 27 33 60
99%-50% 11 24 35 14 11 25 9 14 23 10 12 22 44 61 105
49%~1% 7 1421 13 11 24 9 10 19 3 917 37 44 81
0% -4 37 ¢ 12 12 6 6 12 4 14 18 14 38 62
 ¥ales

100% 2 6 8 5 4 9 4 3 7 2 5 17 13 18 31
90%-50% 4 10 14 9 312 2 5 7 5 813 20 26 46
49%~1% 3 5 8 7 512 3 6 9 4 8 12 17 24 a1
0% 2 1.3 2 7 7 9 2.2 3 719 £-17_22
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| Females

100% 6 410 3 4 7 2 4 6 3 3 86 14 15 29
09%-50% 7 14 21 5 813 7 918 5 4 9 24 35 %9
49%-1% 4 9 13 6 6 12 6 4 10 4 1 5 20 20 40
0% 2 24 055 6 410 17 8 9 18 27
LAMBSVOOL -

Age group 16-25 26-40 41-54 55+ 16-55+

| Social clasg 1 2. 142 1 2 142 1 2 1+2 1 2 1+2 1 2 142
| ¥ales and Females

100% e 7 7 3 71 9 9 18 4 7 11 16 30 46
99%-50% 7 28 35 12 23 3% 13 22 35 11 29 40 43 102 145
49%-1% 4 23 27 12 22 34 17 28 4% 15 24 39 48 97 145
0% 6 11 17 9 21 3@ 12 28 40 13 29 42 40 89 129
Males

100% @ 2 2 3 3 6 4 2 6 2 3 § 9 10 19
99%-50% 4 12 16 3 5 8 7 15 22 312 15 17 44 61
49%-1% 3 912 7 613 7 11 18 8 12 20 25 38 63
% 4 6 10 S 8 13 3 13 16 5 8 13 17 3% %2
| Females

100% @ 5 5 o 4 4 5 712 2 4 6 7 20 27
99%-50% - 3 16 19 9 18 27 6 7 13 8 17 25 26 58 84
49%-1% 1 14 15 S 16 21 10 17 27 7 12 19 23 59 82
0% 2 5 7 4 13 17 9 15 24 8 21 29 23 S4 77
yOoOL

Age group 16-25 26-40 41-54 55+ 16-55+
Social class 1 2 32 3 2 42 3 2 442 1 2 142 1 2 142
[X¥ales and Females

100% 7 14 21 41317 3 10 13 11617 15 53 68
99%-50% 9 18 27 13 15 28 5 16 21 7 10 17 34 59 @3
49%-1% 2 6 8 7 10 17 7 17 24 5 16 21 21 49 70
0% 4 10 14 6 11 17 3 19 22 7 13 20 20 53 73
¥ales

100% 4 1 5 2 4 6 ¢ 3 3 1 3 4 7 11 18
99%-50% 7 13.20 5 510 3 811 2 5 1 17 31 48
49%-1% 1 3 4 4 5 9 3 811 2 6 8 10 22 32
[34 2.5 17 2.5.17 2 .11 11 3 710 728 _235
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| Females

100% 3 13 16 2 91 3 7 10 % 13 13 8 42 50
99%-50% 2 5 17 8 10 18 2 8 10 5 510 17 28 45
43%-1% 1 3 4 3 5 8 4 913 3 10 13 11 27 38
% 2 5 7 4 610 3 811 4 6 10 13 25 38

Social class 1 = non~manual workers (ABCl), social class 2 = manual
workers and uvnemployed (C2DE), social class 1+2 = ABCIC2DE.

Statistical analysis of question 3b verses 4a.bh.c using the chi-square
sethad..

The null bypothesis: The fabrics are worn equally in  100%, >50%, <50%
and not at all by males and females.

Chi-square value to 1 degree of freedom.

Yohair 1.64 Angora 0.69 Fylen 3.78

Acrylic 0.97 Lambswool 0.29 Vool 11.22

The null bypothesis is supported for all the fibres except wool whera
there is a very highly significant difference.

The aull bypothesis: The fabrics are wora equally in  100%, >50%, <50%
and not at all by social classes ABCl and C2DE.

Chi-square value to 1 degree of freedon.
¥obair 1.22 Angora ©.89 Fylon 5.75
Acrylic 6.47 Lambswool ©.64 Vool .00

The null hypothesis is supported for all the fibres except nylon, wool
and acrylic where there is a significant difference.

The null hypothesis: The fabrics are worn equally in 100%, >50%, <50%
and not at all by the four age groups.

Chi-square value to 6 degrees of freedonm.

¥ohair 18.54 Angora 17.74 N¥ylon 15.08

Acrylic 9.63 Lambswool 9.14 Vool 15.25

The null bypothesis is supported for acrylic apd lambswool. The null
bypothesis is disproved for the oiber fibres to a significant level for
nylon and wool, a highly significant level for mobair and angora.
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Age group 16~25 26~40 41-54 55+ 16-55+
|Social class 1 2 142 1 2 142 1 2 142 1 2 142 1 2 142
les
100% 51 72 123 35 67 102 40 61 121 27 71 98 1S53 271 424
99%-50% 102 232 334 108 145 253 74 135 209 77 136 213 361 648 1009
49%-1% 54 136 190 84 167 251 95 121 216 B85 130 215 318 554 872
0% 69 76 145 37 110 147 46 130 185 60 170 230 212 495 707
¥ales
100% 24 35 59 25 33 58 22 27 49 13 40 53 84 135 219
99%-50% 48 118 166 45 58 103 32 73 105 30 65 95 155 314 489
49%-1% 27 58 85 45 78 123 30 %6 05 46 65 112 157 258 415
2% 30 47 77 17 65 82 15 66 81 28 75 103 90 253 343
| Females
100% 27 37 64 10 34 44 18 34 52 14 31 45 69 138 205
99%-50% 54 114 168 63 87 150 42 62 104 47 71 118 206 334 540
249%-1% 27 78 105 39 89 128 56 65 121 39 64 103 161 296 457
2% 30 29 68 20 45 65 31 73 104 32 9% 127 122 242 364

Key: Social class 1 = non~manual workers (ABC1), social class 2 = manual
workers and upemployed (C2DE), social class 142 = ABCIC2DE,

Statistical analysis of question 4 using the chi-square meihod,

The null bypothesis: Males and females equally avoid wearing the fibres
they specified for least wanting to wear next t0 their skin.

Chi-square value = 3.3 with 3 degrees of freedom.

The null hypothesis is correct.

The null bypotbesis: The different age groups equally avoid wearing the
fibres they had specified for least wanting to wear next to their skin.
Chi-square value = 89.8 with © degrees of freedom.

The null hypotbesis is disproved to a very highly significant level.

The 26-54. age groups are more likely to wear the fibres they dislike in
100% form than the younger and older age groups. The older age groups
tended to favour blends with less than 50% of the fibre in them, wheress

the 16~25 age group showed a slight trend towards wearing the fibre in
100% form.

The null hypothesis: The different social classes equally avoid wearing the
fibres they bad specified for least wanting to wear next to their skin,
Chi-square value = 9.8 with 3 degrees of freedom.

The null hypothesis is disproved to a significant level.

The ABCl social class are less likely to wear the fibres they specified as
least wanting to wear next to their ekin in 100% form and 2s a blend than
the C2DE social class.




Age group 16~25 2649 . 41-54 55+ 18-55+
| Soedal class 1 2 342 1 2 142 1 2 142 4 2 442 1 2 142

| ¥ales and Femles

lst/mohair 6 17 23 3 7 1 3 S5 & 3 6 9 15 35 S
lst/shet. 7 7 14 5 18 23 7 12 19 & 24 lJ0 25 ey 86
1st/lanmbs. 80 146 220 79 132 211 71 122 193 63 130 193 293 530 822
2nd/mobair  S2 91 143 44 6) 105 31 53 84 30 50 86 157 261 418
2nd/shet. 29 5S4 83 28 S5 83 38 B4 Q2 25 72 87 118 237 388
2und/lambs. 8§ 19 27 7 15 22 7 11 18 & 17 28 30 62 62
drd/mobatr 34 64 98 41 95 138 51 04 145 50 106 156 176 359 535
3rd/shet. S6 111 167 55 90 145 42 84 126 52 73 125 205 358 363
3rd/lanos. 4 7 11 2 16 18 7 19 26 12 23 35 25 €% v

Males
1st/mobair J1e 13 3 6 9 3 4 7 3 2 3 12 22 34
ist/shet. 4 & 10 3 811 4 4 8 31417 14 32 «8

1st/1lanbs. 36 63 104 38 &1 99 29 83 92 28 63 91 131 255 386
2ad/mobair 19 48 59 19 26 45 12 23 3% 18 32 50 85 121 189
2und/shet. 18 31 49 13 28 41 16 33 49 § 32 38 53 124 177
2nd/lanbe. 312 15 4 &8 10 4 5 9 8 713 17 30 47
3rd/mobair 21 36 37 22 46 68 21 37 68 18 47 65 82 176 258
Ard/shet. 21 49 70 28 A2 70 18 47 S3 30 36 68 95 164 239

3rd/lambs. 4 6 1 21112 3 6 9 S 13 18 14 36 %0
Femles

1st/mobair 3 7 10 0 1 1 o 1 1 0 &4 4 3 13 18
1st/shet. 3 1 4 310 13 3 8 11 310 13 11 29 40

1st/lanvs. 44 78 122 41 71 112 42 59 101 3T 67 102 162 275 437
2od/mobatr 33 51 84 2535 60 19 30 49 12 24 36 89 140 229
2nd/shet~ 11 23 34 1527 42 2023 43 190 40 %9 65 113 178
2nd/lanbs. S 7 12 3 9 12 3 &6 9 210 12 13 32 48
3rd/mobair 13 28 41 19 49 68 30 47 77 32 % 91 94 183 277
3rd/sbet. 35 62 97 27 48 75 26 47 73 22 37 50 110 104 304
Ird/lanbs. e 1 1 o § 8§ 413 7 718 17 11 29 40

Tey:
Social class 1 = pon~wanual workers (ABCl), social class 2 = panual
workers and unemployed (C2DE), soctal class 1+2 = ABCICRDE.

ist, 2pd and 3rd refer to the rank order in which the fibres wers put (ist is the
Nohair, shetland (shet.) and lambewool (lambs.) are the fabrics.

e - T + *

comparisons., (See appendix 2, page 1 for the statistical method)

The null bypothesis: All fabrics were equally preferrad.
The null bhypothesis is disproved.

The rankings for each group of pecple is shown bdbelow.

Nobair Sketland Lambswool
Hales ABC1 2 3 1
Femnles ABC1 2.5 . 2.5 1
Nales C2DE 3 2 1
Females C2DE 2.5 2.5 1
¥ales ABCIC2DE 2.9 2.5 1
Females ABC1C2DE 2.5 .8 1
Xales + females ABCl 2 3 1
Nales + females C2DE . 2.5 2.5 1
Xales + femaies ABCIC2DE 2.5 2.5 1
Nales + females 16-25 2 3 1
Nales + females 26-40 2.5 2.5 1
Hales + females 41-54 2.5 2.5 1
Xales + females 55+ 2.5 2.8 1
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Age group 16-25 26-40 41-54 55+ 16-55+
Social clags 1 2 142 1 2 142 1 2 142 12 142 1.2 112
Maleg

1st/silkx 14 21 35 6 13 19 6 15 21 4 18 22 30 67 97
lst/paly. 16 34 50 14 40 54 20 36 56 21 31 52 71 141 212
1st/crepe 18 24 42 12 19 31 15 18 33 817 2% 53 78 131
lst/Xitr, 17 37 54 14 33 47 2 30 39 6 32 38 46_132 178
2nd/silk 5 13 18 6 11 17 3 912 3 811 17 41 58
2nd/poly. 10 23 33 15 18 33 6 17 23 8 18 26 39 76 115
2nd/crepe 6 17 23 9 17 26 9 918 323 26 27 66 93
2nd/Mitr, L1524 30 31018 28 15 22 37 1% 19 34 8583 138
3rd/silk 7 23 30 16 14 30 8 17 28 9 30 39 40 84 124
3rd/poly. 9 18 27 1110 21 8 10 18 4 13 17 32 51 83
3rd/crepe 12 26 38 15 26 41 8 25 33 13 20 33 48 97 145
3rd/Mitr 8 13 23 12 14 26 £_91% o 22 31 3558 93
4th/silk 17 29 46 16 40 56 19 33 52 23 26 4% 75 128 203
4th/poly. 8 11 19 410 14 2 11 13 6 20 26 20 %2 72
4th/crepe 719 26 8 16 24 4 22 26 1522 37 34 79 113
4th/Mitr. 312 15 81321 6 13 19 9 918 26 47 73
rE_gmales

lst/silk 11 15 26 9 23 32 42226 1017 27 3477 111
1st/poly. 10 33 52 22 44 66 25 30 55 19 35 54 85 142 227
1st/crepe 10 29 39 11 24 35 9 21 30 12 20 32 42 94 136
lst/¥itr 13 32 45 13 25 38 J1.32 43 17_29 46 S£4_118 172
2nd/silk 4 610 9 13 22 6 9 1% 7 12 19 26 40 66
2nd/poly. 9 29 38 8 17 26 16 23 39 12 26 38 46 95 141
2nd/crepe 9 16 25 8 17 25 9 17 26 8 19 27 34 69 103
2nd/Xitr, 20 28 48 17 .27 44 16 17 3§ 12 25 37 €8 97 165
3rd/silk 81321 101525 15 13 28 9 17 26 42 %8 100
3rd/poly. 9 16 25 9 13 22 4 15 19 6 13 19 28 57 85
3rd/crepe’ 14 27 41 12 26 38 18 22 40 9 29 38 53 104 157
3rd/Xitr. 10 16 26 £ 18 26 10 21 31 8 15 23 36 70 106
4th/silk 26 52 78 16 34 50 24 34 58 18 41 59 84 161 245
4th/poly. 12 8 20 41115 4 10 14 7 13 20 27 42 69

4th/crepe 16 14 30 13 18 31 13 18 31 15 19 34 57 69 126
4th/Nitr. 6 10 16 615 21 % 817 718 25 28 51 179
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Iable @ continuved.,
Age group 16-25 26-40 41-54 55+ 16-55+
Social class 1 2 1+2 1 _ 2 142 4 2 142 1 2 142 1 2142
| ¥ales and Females
ist/silk 25 36 61 1536 S1 10 37 47 14 35 49
1st/poly. 35 67 102 36 84 120 45 66 111 40 66 106 123 ;;; fg:
1st/crepe 28 53 81 23 43 66 24 39 63 20 37 %57 85 172 207
lst/Xitr 30 69 90 27 S8 8% 20 62 82 23 6184 100 250 23%0
2nd/silk 9 19 28 15 24 39 9 18 27 10 20 230 43 81 124
2nd/paly. 1962 71 24 35 59 22 40 62 20 44 64 8% 171 256
2nd/crepe 15 33 48 17 34 51 18 26 44 11 42 53 81 135 196
2pd/Mitr 36 92 87 27 45 72 34 39 73 27 44 7% 123 180 303
3rd/silk 1536 51 2629 S5 23 30 53 18 47 65 82 142 224
3rd/poly. 18 34 52 2023 43 1225 37 10 26 38 60 108 168
3rd/crepe 26 53 7S 27 %2 79 26 47 73 22 49 71 101 201 302
Ard/Mitr. 18 20 47 20 32 52 16 30 46 17 37 S4 71 128 199
4th/silk 43 81 124 32 74 106 43 67 110 41 67 108 156 289 448
4th/poly. 2019 39 821 29 621 27 13 33 46 47 94 141
4th/crepe 23 33 56 2134 55 17 40 57 30 41 71 91 148 239
4th/Mitr. 922 31 1428 42 1521 36 16 27 43 54 98 152
Key: .
Social class 1 = non-manual workers (ABCl), social class 2 = manual

workers and unemployed (C2DE), social class 1+2 = ABCI1C2DE.
1st, 2nd, 3rd and 4th refer to the rank order in which the £
(1st is the most preferred). @ fibres were put
Polyester (poly.), silk crepe (crepe), artificial silk pol
silk are the fabrics. polyester (litr.) and
Note: The individual values for each choice do not add UP 10 the gr
oup tota
due to shared preferences when two or more fabrics were equally ELnkga. 1
< -+ ‘
comparisons. (See appendix 2, page 1 for the statistical test method)
The pull hypothesis: All the fabrics are equally preferred.
The null hypothesis is disproved.
The rankings for each group of people is shown below.
Silk Polyester Cr
Yales ABCL- . y epe Mitrelle
Females ABC1l
¥ales C2DE
Females C2DE
¥ales ABC1C2DE
Females ABCI1C2DE
¥ales + females ABC1
Nales + females C2DE
¥ales + females ABCIC2DE
¥ales + females 16-25
+
+
+

.5 5
5

S

¥ales + females 26-40
Xales + females 41-54
¥ales + females B5+
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Aige group 16-25

26~

49 41-54 55+ 16-55+
1Sgcial class 1 2 142 1 2 142 1 2 142 1 2 142 1.2 J1+2
L Xales and Females

ist/mobatr 7 31 18 7 B8 15 4 & 10 ¢ 6 10 22 31 83
1st/shet. S 7 12 9 18 27 § 17 22 o6 17 23 25 50 84
2nd/mobair 52 87 139 35 60 05 30 42 72 3@ 39 69 147 228 378
2nd/shet. 26 65 91 30 S1 81 29 49 78 20 74 94 105 239 3as
3rd/mohair 33 74 107 46 95 141 51 104 155 49 324 173 179 307 576
3rd/shet. 61 100 161 49 4 143 %1 88 137 57 78 135 218 358 576
3rd/lambs, S 10 15 9 18 27 18 41 SO 186 34 52 50 103 153
Males
ist/mobair 7 7 14 4 8 10 4 4 8 347 13 21 39
ist/shet. L 6 10 6 9 15 2 &8 19 2 8 8 14 20 4

g 1.89 100 34 %993 27 49 78 27 &2 80 119 2239 a=8

2nd/mobair 21 36 57 20 26 46 15 21 36 14 24 38 70 107 177
2nd/sbet. 11 38 49 14 24 38 12 30 42 9 36 45 A6 128 174
1 2nd/1anps 2_8 15 £ 41 38 4% 9 4 8 12 29 22 %2
rd/mobair 15 43 58 20 46 66 17 A9 66 22 54 7¢ 74 192 208
3rd/shet. 28 42 70 24 45 60 22 36 58 28 43 63 102 183 265
3rd/lambs. 35 9 4 S 8 13 %520 2% 812 20 23 40 72
| Females
lst/mobair O 4 4 32 5 ¢ 2 2 1 2 3 4 14 14
1st/shet. 11 2 3 ¢ 12 3 9 12 431 1S 11 30 41
1 ; 48 80 128 2% 66 101 34 4B R 29 €A 87 148 2%2 394
2nd/mobatr 31 51 82 15 34 49 1521 36 16 15 21 77 121 198
2nd/shet.~ 1527 42 1627 43 1719 36 11 38 4% 59 111 179
1 2zd/)anns 1.5 .8 5.8 14 2 9 11 £.2 12 330 43
3rd/mobair 18 31 49 26 49 75 34 55 89 27 70 97 195 205 31¢
ard/shet. 33 58 S1 25 49 74 20 % 79 20 38 &7 116 195 311
3rd/lambe. 0 1 1 410 14 1321 34 10 22 32 27 54 3

Key:

Social class 1 = non-manual workers (ABCl), social class 2 * manual
workers and unemployed (C2DE), social class 142 = ABCIC2DE
1st, 2nd apnd 3rd refer to the rank order {n which the fibres wers put
(1st is the most preferred).

Nohair, shetland (shet.) and lambgwool (lambe.) are the fadrics.

comparisons.
(See appendix 2, page 1 for the statistical method)
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The null hypothesis: All fabrics are equally preferred.
The null hypotbesis is disproved.

The rankings for each group of people is shown belaw.
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TABLE |

The nuader of answers to each question of the wet cling questionnaire vhen the fabrics in set & vere assesved
Each fabric was vorn as a tee-shirt by ten subjects before and after the garwent vas vashed

Appendix 3

Fibra code 9 10 1
Guestion

| Sport Jogging 190 10 12 10
Squash ] 8 § 6
Veight training 2 20 2
Othee 2 2 ] 2
1 Spare 1 inch 0 ] [] []
fabeic 1,§ inches LI 6 [}
2 inches 2 ? 2 i
2.5 inches 2 [} 2 ]
3 inches 2 ] 2 )
Jab,c  Additional Yeg 0 0 0 []
¢lothing No 20 2 2
4 Shirt Yes 19 18 18 T8
tuckad-in No 0 2 2 [}
H How sveaty Danp 2 4 2 2
you felt Yet. § 8 § §
Oripping wet 12 8§ 10 12
[ Fabric Yes 19 8 T8 18
absorption No 2 ] 2 2
) [anediate 0 § 1 [}
: Nod, quick 0 10 1 3
Slov 3 0 6 §
Nil 2 [} 3 1
7 a Vet cling Yes 0 [T
. Xo 0 15 8 8
b Vet cling $trong 2 L2 ¢
force Nod, strong 10 0 2 2
Veak 0 0 L)
3 Veitest [ngide 12 3 W1
surface Qutside 2 § 0 ¢
Equal 8 8 6 L]
L] Notice fabric Qften 3 0 [}] 0
cling Sosetines 2 6 ] ]
Not really § 8 10 10
Never i § § §
10 Discoafort Yes 3 ) 0 0
Sonelines 2 0 [} 3
Nat really 3 21 3
No 2 N ] {

1 Post-exercise Yes [ U T
) chill Mo W 1% 1 s
F Qutside 4 i 8 i
Inside 2 0 0 0
] Additional Yes 0 2 2 0
¢lothing No 20 19 18 20
12 a Qverall Very gqeod [ ) 1
coafort Good k] § 3 §
Nloderate K 2 ] 3
Poor [} | i i
Very poor 6 0 ¢ 1]
] Vet cling Very good 3 3 [
tonfort Good 1 3 3 5
Roderate 2 3 ] 2
: Paor 3 1 2 2
: Very poor 1 0 0 |
¢ Post-exercise Very good ! { k} 2
chill confort Good §. 9§ 6 §
Nederate 3 | 1 3
Poor | 0 0 0
Very poor 9 0 0 ]
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Appendix 4

COMFORT IN
CASUALS

T-shirts and. tops in a variety of fibres and fabrics have been
assessed for comfort in wear by Julia Smith. Tight fit and
tickle proved more problematic than wet cling.

Toe seasonal’ comfort of clothing (the com-
fort or aiscomrort associated with how anone
or garment ‘feds’ next to toe sian) has Deea a
neglected science

It is unauesuoaaoiv a very dimcuit ouanarv
to assess and define saennocailv. Most of the
worx on aothing cotnron up until now nas con-
centrated on thermoonysioioeical comfort, of
wtuco a reasonaoic ievd ofunderstanding and
background information has seen optained
On the other hand. the amount of research
work that has oeen earned out on 'seasonal’
comfortofdoming is very small aithougn the
type of skm sensanons produced by nert-to-
sxm apparei are a maior factor in determining
the overall comfort of a garment.

The type ofsxm sensanons that are encoun-
tered range from the rtianvdy mild uckle and
wet-chng sensations through to the more
severe ciscomibn associated with ah ailerne
reaction

Here | outiioe some recent work at Shiriey
Institute to assess and quantify seasonal com-
fort and desenbe the main factors that
influence i1

A accessary" step »'as to oetermine the
speofic skm sensauons caused by next-to-skm
apparel and to deade on aglossary of terms to
cescnoe these sensanons. The povsicai and
pnysioiogical factors that influence each sensa-
tion were then analysed and. finally, strapie test
procedures were developed for evaluating a
fabric or garment for a particular discomfort
seasanon (their development is not desenoed
here).

Work in hand

A maior protect is being undertaken as part of
the second T crale Research Programme ofthe
European Economic Community on garment
pbysioiogy and construction The factors that
are considered to be of prune importance in
determining the functional comion of gar-
ments are warmth, the dissipanon ofpcrspira-
non and sweat, and fit.

Shiriey institute's part m this protect is con-
cerned with the additional factors associated
with sbn contact in nest-to-$km apparel the
‘tactile’ or ‘seasonal’ comfort of nothing The
Insnrute's won: is funded m pan by the Euro-

Electron rmoogroons sAoismg the rriarroe snarpness of the corner* of cencre-fold labels (X 20).
(a) Typical worn cage, (b) Typical heai-seaied edge

Textile Homans. August 1985
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CasualClothing

pean Economic Communirv and in part by the
Department of Trade and Industry via The
Textile and Other Manufactures Require-
ments Board).

The aim of the overall protect is to develop
lest procedures, comfort models and formulae
to enable a complete evaluation ofthe comibrt
charactcnsua ofapparel to be made by means
of a restneted numoer of comparatively low-
cost laooratory measurements. This will help
to accelerate the rate of product development
in textiles and clothing and give the manufac-
turer an added assurance of product quality
and services Dilitv tor a specific end-use.

It will reduce the possibiliry of a product
being marketed which for one reason or
another is uncomfortable to wear tor a par-
ticular cad-use. The result therefore will be an
improved posabibrv of consumer acceptance
of a particular fabric or garment.

Importance of psychology

So bow do we measure next-to-skin comion
and what do we mean bv this term.5The Oxford
Engllsh Dictionary defines comion as ‘freedom
from pain, weU-beingl In the context ofcloth-
ing it is considered to Ce a Deutral_sensalion,
when a person is pnysiologjcaily inai0artofthe
garments being worn.

Comion is coDQiuon dependent on many
factors. A knowledge of range of disciplines
such as textile technology, po vsioiogy, psychol-
ogy, pnysics and dermatology will lead to a
basic understanding of the underlying factors
governing garment conuort. However,
psychology is undoubtedly the over-nding fac-
tor that influences the percepnon of a sensa-
tion. It can over-nde sensanons ofdiscomfort,
especially m the case of fashion garments or,
altemanvely, it can emphasize minor discom-
fort sensaoons.

In extreme cases wben a prejudice or high
mental stress situation is apparent, allergic
reaction can be the result It is essential
therefore that to investigate the type and
seventy of discomfort sensaoons scientifically,
the psychological factors, such as fashion and
individual prejudice, should be minimized

Terminology

The type of tactile sensations registered by the
body and the terminology used to describe
these sensations were surveyed in two mam
ways: by a review of published literature; and
by extensive wearer trials.

The literature survey revealed a large quan-
tity ofdesenpove terms available to define the
handle of a fabric. There were a few specific
terms to desenbe next-to-skur sensations
caused by fabnes; these had been selected for
use in wearer trials from a listofterms relating
to handle, or when a specific well-known
discomton sensation was being investigated.

Anoverview ofthe types ofsensation caused
by next-to-skin apparel was noun evidence. A
few researchers had discovered that handle was

not a reliable method of determining in-wear
comion.

NS



A cn fll Clothing

For the Institute's wearer tnais it was
necessary to have an easily understood but pre-
cise glossary of terms available so thay any
discocnibrt sensauons would be recorded
accurately.

Initially, a large seiecnon of terms used to
describe handle were assessed by Shirley
Lasacuie staff; it should be noted that some of
the staff were non-technical workers. They
were asked to select the words they would pre-
fer to use to describe the types of discomfort
sensations that they have felt hum garments.
Thev also briefly denned each word'selected.

From this exercise it was evident that the
sensations feltduring the wearingofanone are
considerably fewer than those ooserved during
the assessment ot handle. There was a definite
preference for certain words, although there
was some contusion as to their
rirhnm op

exact

The most commoa terms were selected and
each term was associated with a simile; for
example, pndde (pin pricks), uckle (like a
feather), scratchy (sand-papensh). This
revised list of terms was issued to the staffa
second tune when it proved to be acceptable
and more informative. This, terminology was
used, where appropriate, in the wearer-tnai
questionnaires.

The terms used in the wearer trial were:
local fit; uckle (like a feather); prickle (pin

pricks); scratcmncss (sand-papensh); wet
cling; tacx cling, fibre shedding; local
imtaaon.

Wearer-trials

The objective ofthe wearer-tnais at the Shirley
Insutuie was to determine the range, sevency,
trequenev and causes of skm sensations
expencnced when wearing garments next to
me skin. Not only the fabric is considered, but
any pan of the garment that is touching the
boay, for instance, labels, seams, ‘local Stung'
areas (such as waistbands) and trimmings.

A fabric surface profile showing surface hairiness.
discomfort due to tickie and fibre wedding (X 8).

36

Appendix 4

The main wearer-tnai involved 20 subjects,
10 men and 10 women ranging in age from 20 to
60 years, and covered a range of activities.

The subiects were required to wear and
assess knitted fabrics as a tee-shirt or vest;
woven fabrics were included as siip-o00- tops.
The 22 fabnes in the wearer tnai covered a
wide range of fibre and ;bnc types, ail com-
mercially available for next-co-snn apparel

Where possible ihe fabnes were made up
into garments at the Institute, so that a stan-
dard sizing system was achieved.

Ail the ;'ones were worn at least rwice by
eacn subiect, once before and once after the
garment was wasned. The subiects were not
told the fibre content of the ¢'ones, and where
possible the ;'ones were white. This reduced
the influence of prccooceived ideas on fibre
prodcroes and fashion.

Two questionnaires were issued when a trial
garment was worn by a subicct: me first to
record initial reacuoas and the second longer-
term reactions and opinions. .After me garment
was wasned the second questionnaire was
repeated by the same suoiccu

The first questionnaire analysed the
subiect’s response to the handle and general
appearance of tnc fabnc and garment. Any
discomfort whiie wearing me garment was also
recorded. .Also, an assessment of comfort after
wearing the garment for five minutes was
recorued. The second quesuonnaire records
and analyses any discomfort sensaooas regis-
tered after wearing me garment foranumber of
hours.

It was dear horn the first questionnaire mat
me success rate for guessing me nbre type of a
garment was very low, wim a mi success rate
wim some fabnes. Tne wearer tended to look at
the ;one as a wnoie and generalize its proper-
ties: was it smooth, rough or hairy, shiny or
dull made of a natural or
fibres?

a man-made

Thisfabric caused
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A ;bnffs handle as assessed by feeling with
the hands proved unreliable as a guide in the
prediction ofthe seasonal comfort ofagarment
or ;bnc Observations of handle were able to
detect differences between jbncs associated
with ¢bnc structure, drape, and ;bnc finish;
but not. perhaps surprisingly, hairiness.

However, the same ¢bncs worn as next- to-
sfan garments could not readily be differen-
tiated by seasonal comfort in respect of dif-
ferences in ¢bnc structure, drape or ¢;bnc
finish, whereas ;b nc hairiness isa maior;ctor
in determining seasonal comfort.

Itis evident that handle and aesthetics are of
hole value in the prediction ofhow seasonally
comfortable a fabnc is likely to be when wom
next to the skin. This conclusion is perhaps not
unexpected because the fingertips have a
higher denstrv of nerve endings than the
general body sunace. The threshold for touch
in the fingertips is 2g/mm:, woereas over the
forearm u is 33g/ mm* and on the aodomen u is
26g/mm:.

When a ¢bnc is bang handled conven-
tionally the mumo fiactens any proeroding
surrace fibres to give the impression of a
smooth. sort, resilient ;bnc During the
assessment ofhandle aconscious effort is being
mane to register everv tactile scnsauoo, and
because ot the tugb density of nerve-endino m
me fingcrups an accurate profile of the ;one
surface can oe achieved

When a garment is donned, the brain will
register the change in the coadiaoos for the
first few minutes, after wtucb time equilibrium
will be reached, assuming there are no raaior
discomfort scnsauoos.

Four methods of analysis are suggested to
assess suoiccuveiv how a particular fabnc is
likely to feel wnen work next to nan. They are
listed below in increasing orocr ofpreference —
the fourth is the most likely to represent sensa-
tions tell when wearing a ;bnc next to the
dan.

Polyester/ cotton fabnc mowing fused polyester ends (formed during

smgr.ng) which can cause s*tn reddening (x 550).



ffocnal (“ntfiing

= Take one Lava' of fabric between linger and
thunatx The inurno soouid be in contact with the
faonesurface to oe wornnee tothesjgo<e inside
surface). Rub the nngerc and thumb over the fab-
ric surface. This wul pve an indication of the fab-
ric's > dimensional structure. ofthe finishes used
and cnenone sunness. Now compress tnc none
between tnumo and enger to analyse the 3-
dimensiooai structure tnat will be fell under
pressure.

e Lav me none on a flat surface, made face
upwards. Pass tne nngeraps lightly over the nb-
nc The most important factors to tKite art the
number, iengin and bending properties of anv
procniQing nbrts.

« Place a strip of fabnc over the oacj; of the banc
inside iace nownwarns Pull the none slowlv
over tnc hand Tms will give an moicaooo or the
amount rx-hairiness. scraicningq. and pnrkim r~
felt in wear.

« Place the fabric oo a flat jurace. inside
act onwards Pass tne inside of the lower arm
siowly over the none. Useappronmalav halfthe
weight of the lower arm as load This is a par-
ocuiany useful method ot analysing next- to-sion
comfort. An mananon of the uuaal cold feci
pnckimess. hairiness and aorasioo propcrocsofa
doth can be oouuned

A combination of all four methods is sugges-
ted for preliminary analysis of a doth.

However, it must be remembered that these

methods are- only erfeenve up to a point

Whereas tickle. initial cold, fed. scratcniness

and pneidmess may be indicated from this pro-

cedure. wet ding, tackv ding; fibre-shedding
label seam and local fit properties cannot De
predicted to any degree.

Textile Horizons, August 1985

In decreasing order of sevenrv for the
discomfort sensanons pcrcaved in the Shirley
Institute wearer trial were:

Most uncomfortable

Tight fit
Pnckic, Scratchincss
Tickle
Label Irmauon Fibre shedding
Tacky ding
Wet ding
- Ininai cold fed

Least uncomfortable

In a situation when more than one discom-
fort sensation was experienced when wearing a
garment, counter-stimuli influence the sensa-
tion acknowledged. This means that the
stimuli causing the most discomfort will be
noticed; the other sensanon(s) will be forgoaon
»nip« consciously thought about. For
instance, ifatabnc is dinging to the skin due to
sweat, and is pnckly with a ngnt fining neck-
band, the oglu neckband would probably be
predominantly the factor to be Douced; the
pnckle sensation would probably become
more obvious m tunes of acuve body move-
ments, wnereas the wet ding, bong arelatively
minor discomfort sensation in this instance,
would probably not be noDced.

Public questionnaire

A public questionnaire to help to determine dsC
discomfort properties associated with par-
ocular fibres and fabrics was issued to 1000
men ana women in a range of ages and social

Appendix 4

Sensations identified

The Shirley Institute wearer trail established
the following as the major discomfort sensa-
tions experienced by the wearer ofdext-to-skm
apparel

Local tightness or excessive looseness caused bv
poor garment fit This was overriding
discomfort sensation.

Turtle, caused bv fabric hairiness and influen-
ced by garment fit.

A pneely SENSanon caused by coarse and
therefore stiff fibres protruding from the
tabnc surface.

‘Wetd ing' and ‘taacycling'\ wet cling is caused
by sweating ucky ding is associated with
the presence of damp and sticky sweat
residues on the Sion. Amam factor influenc-
ing the amount of cling is the area of fabric
in contact with the skin, which 1sinfluenced
by the fabric strucnire.

Local irruanon caused by sewn-in garment
labels and to a lesser degree by abrasion
associated with seams. Most of the cases of
‘labd pnckle' have been attributed to the
bard, sharp corners that art sometimes pre-
sent on labels, the edges of which are heat-
sealed.

Skm and nasal imtanon caused bv loose fibres
that have been released from the fabnc
surface. These loose fibresalso anach them-
selves to other garments in an unsightly
manner that causes annoyance

classes m the north west of England. The
results obtained so far have indicated that the
mam fibres the pubbe tends to associate with
feelings ofdiscomfort against the skm are wool,
mohair, and nylon; the most acceptable fibre m
this respect is cotton

Order of seventy for the discomfort sensa-
oons indicated by the pubbe questionnaire
was

Tickle & Tight fit > > Wet ding

The interviewees were invariably unable to
associate the fibres with specific comfort or
discomfort sensations. Perhaps not surpris-
ingly, few people art fully aware of the dif-
ferences between the various man-made fibres,
with many instances of people commenting
that man-made fibres are all hydrophobic

Despite the strong preferences that were
sometimes staled for fibre type for next-to-skin
apparel, consumers do not take note ofthe fibre
composition when purchasing anew garment
The labd is mainly referred to for the size and
in a few cases for the name of the garment
manufacturer and for the washing instructions.

Ooe finding (as determined by the pubbe
questionnaire) of considerable importance to
the appard industry is that over 65% ofthe pop-
ulaooo cut the labd out of nen-io-skm
appareL This is for two main reasons; sensorial
discomfort if the labd comer socks into the
sian, and the psychological discomfort mainly
due to the labd hanging outside the garment
Presupous labels are rardy removed, regar-
dless of anv seasonal discomfort

Whben the pubbe was asked to rank ngfat fit
tickle and wet ding in order of discomfort, it
was discovered that ockle whsassessed as bang
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Skzn abrasion, mainly attributed to physical
acovuv when the relauve movement bet-
ween fabric and skin is frequent The pre-
sence of sweat aggravates the siruaoon,
making abrasion of the skin easier.

Imnal coldfeel wben a garment is first donned.
Thusdiscomfortsensanonisassociates with
cold weather clothing and is predominantly
influenced by tabnc surface contact areas
wuh the sxin.

Static eieancal ejfects proved to be a minor
discomfort sensauoa However the effect of
a done visibly sparring and dinging to the
body can be unpleasant and therefore det-
rimental to a person's comfort

AIIergies: although no cases ofan allergic reac-
tion were recorded by the wearer trial
subtexts, this is obviously an area ofimpor-
tance to the sruay ofseasonal garmentcom-
fort Thev can be associated with many fac-
tors, pnysiolopcai. psychotopcal and
pnysicah however, the presence of excess
levels of certain chemical finishes on a fab-
nc surrace arc of particular interest m con-
nection with clothing allergies.

Smaller and more specific trials were con-
ducted in aodinoo to the main wearer trials.
The aim was to identify more fully the discom-
fort thresoolds and to identify rdaoonships
between garment dbnc and pfaysiotopcal pro-
perties for a particular discomfort sensanon.
The results have been used as a basis for the
devdopment of test procedures to assess the
seasonal comfort of fabnes.
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marginally more obiecnenable than a tight fit-
ting garment. Wet ding was nearly always con-
sidered least objectionable.

And next?

Both the Shirley wearer trials and the public
questionnaire have emphasized the impor-
tance of the apcarance ofthe fabnc and its han-
dle in creating the right image for agarment: is
the fabnc smooth or hairy, man-made or
natural? The response to the image will be to
assoaaicibe effect with pastexpenence. which
will ultimatdy influence the wearer’s judge-
ment of garment comfort.

The major discomfort sensations caused by
next-to-skin apparel have been mdenufied,
and a standard terminology that has been
successfully used to describe these sensations
has been established

The Den stage of the protect is to identify
more fully the factors and conditions that
influence each mator discomfort sensation. In
particular to describe threshold values for
discomfort for each scnsaooo arid to design and
develop a senes of simple, tow-cost laboratory
tests to rank or categorize a fabric’s suitability
for a particular end-use. Encouraging progress
has been made in both of these areas.

The results ofthe protectwill be rrponed in a
European Textile Research Symposium in
Luxembourg on 18-19 September this year.
The Symposium Will present the results of the
enure second EEC Temle and Clothing rRUD
Programme, of which the Insuruic is part. The
full results and conclusions ofthe Institute pro-

ject will be published m due.course. [
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Functional Fabrics

PERCEIVED

COMFORT

Despite sophisticated scientific work aimed at offering the
consumer improved clothing with improved comfort, it seems that
the image of the fibre, related to handle and appearance of fabric,
is still the major factor for the consumer. Julia Smith, now at
Courtaulds Research describes a study by the Shirley Institute to
determine how the public perceives fibres and fabrics for

underwear and innerwear.

Designers have an ever-increasing number of
combinations of fibre rypes, yam and fabric
constructions available, and use a wide vanery
of prm mi styles to maxc their proauct lhai bn
Hiffrrmi and. they hope, more popular Ihar.
That of ibeir competitors. Which maienals do
they use? How important is their choice? What
will the consumer think of the garment?

Fabric construction ana garment design are
both extremely important for povsioioocal
comfort because they determine the maionty
of the most oDiecuonabie sensaDons such as
sjon abrasion nght fit tickle, and so on The
perceived difid-cDccs in the discomfort due to
me fibre type Becomes increasingly significant
to a wearer as the level of moisture on the skm
idcreases, in such a situation, the ability of a
garment assembly to wick awav tins moisture is
important to overall comfort

The wickabilirv of an assembly is by no
means depenomt on fiorc properties alone.
The garment ocsign, fabnc construction and
fibre type eacn have a large influence oo this
property, but it must be stresses that they are
bv do means independent oi one another.

Unease Objectified

A recent scientific study was earned out at the
Shiriey institute to determine tne main
discomfort sensations experienced while wear-
ing next- to»Sjon apparel The factors influenc-
ing tnese sensaoons were investigated and the
ways in which the physical properties of the
garment, fabric and/or the fibre could be
optimized for particular end-use were
evaluated. The work was described in Textile
Horizons, August 1985, pages 35—38.

The project was funded partly by the EEC as
pan of the second Textile Research Pro-
gramme aod partly by the UK Department of
Trade and Industry. The object was to devise
laboratory tests to measure or characterize the
discomfon sensanoos associated with dcxi-to-
sion apparel Asaresult, the Institute is now in
a postnon to apply these tests to clients’
~ampies apd to give guidance on the suitability
of fabrics for use in Dext-to-skm garments.
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Mind Matters

It was dear very early oo in the studv that per-
sonal preferences and prejudices could out-
weigh the potenual phvsoiopcal comfort/
discomfon properties ofagarment A prejudice
towards a garment usually originates from a
knowledge of discomfort previously experien-
ced from similar garments. Aitcmaovdy, the
garment may be unfashionable or unsuitable
for an occasion and it may not convey the ‘nght
image'. This ararude can explain the some-
times otherwise restricting doibes the fashion-
coosaous can ‘comfortably’ wear, a nruauon
where the psycnoiopcal comfort oveT-ndes
any pnysiolopcal discomfort.

Public Perception of Fibres

A questionnaire was devised by the Shirley
Insarute and formed the basis of a survey con-
ducted by professional market researchers. It
was oesigDed to discover how the general
public perceive the various commeraal fibres
and faOnes that are used for underwear and
innerwear, and to determine the properties that
they associate with them.

Odc thousand people, forming a cross-
sccuon of the populanon, were interviewed in
late summer, 1984. Men and women ranging
from 16 years and above, spanning all ranges of
social class, completed the questionnaire to the
Dortb-west of England The answers showed
that the vast majonry of the populanon have

Table L A comparison of the people who

fibre type and how particular they daim
next to the akin.

Very parucular’
‘Not really particularl
‘Will wear anything’
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distinct preferences and dislikes for particular
fibres that they would choose to wear next to
thar sjgd and also that any garment discomfort
was invariably associated with the fibre type
alone.

One indication of the extent of individual
preferences and prejudices is the trouble a con-
sumer will go to mdiscovering the fibre content
of a garment when purchasing Table 1 shows
the percentage of people who look at garment
labels to determine the fibre type and how par-
ucuiar they are about choosing the fibres they
wear next to the skid when purchasing a gar-
ment The number of people always, some-
times and Dcver loomng for the fibre type are
roughly equal so mat a large propornon of
fiore analysis and id- wear comfort assessment
ts done by the more dubious methods of sight
and handle

People usually carry a picture in their minds
of what me most common fibres 'should look
like For example cotton is usually assumed to
be dull and son, silk is very smooth and
lustrous, and nylon is smooth and shiny, inus
the maionty of the analysis of a fabnc is Gone
before it is handled The label is mainly
referred to for me size of me garment and less
frequently the name of the garment manufac-
turer and me washing instructions.

Tne public Questionnaire aiso revealed,
rather unexpectedly, mat over 65% of those
people wno were interviewed tend to cut the
lands out of garments mat they wear next to
the skin. This was attributed to two main fac-
tors, either discomfort due to me labd corner
sucking into me slon. or the tendency of the
labd to hang outside me garment From
additional comments from the interviewees, n
was also dear that prestigious labels were very
rardv removed

When interviewees were shown a list of the
common fibres used in garments worn next to
me skin and asked to rank the three they liked
the most, cotton was mvanablv the first choice.
However, few people could say wbv they pre-
ferred it When the question was rephrased to
discover any specific preferences for hot and
cold weather, cotton was the dear favourite for
both, though wool came adose second for cold
weather. Reasons for the choice m hot weather
were coolness, followed by moisture absorption
and washabiilty. b cold weather cotton was
chosen primarily for warmth, with ‘comfort*
bang the second, but less important, property
involved in me choice.

look at garment labels to determine
to be about the fibres they will wear

Look forfibre type
Always Sometimes Sever
9.5% 4.5%
8.551 20.5% 13%
1% 3% 11%

Textile Horizons, September 1986
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FunctionalFabrics

Table 2. Ranking of fabrics for jumpers and blouses, setro(2) and unseenO)

(numbers of people making the choice).

(1) Pint choice Second choice Third choice
M 5 v M S L M 5 L
A 50 86 822 419 355 92 535 563 90
B 53 84 756 375 344 95 576 576 153
) First cnoice Second choice Third choice Fourth choice
TS CS LP MPO TS CS LP MP TS CS LP .UP TS CS LP MP

A 208 439 267 350
B 170 439 259 359

124 256 196 303
113 261 204 299

Noie: The 6ru caoce' rum to lde none u>e interviewe« thougne would be me nx»i comroruWe to wetr oen to tne won.

* See ten roc itrv to none cvpes.

Judging Fabrics

Two sets of commercially-available fabnc
samples were selected for use in the pubbe
questionnaire to determine me importance of
sight in the prediction of comibrt/ discomfort
worn a fabnc is handled The tint set con-
tained three typical lumper rabnes, one of
mohair(M\ one ofShetland wool (S') and one of
lameswool (L). The second set contamed typi-
cal blouse fabrics including two silk, a plain
weave tussan (TS) and a fine crepe fabnc (C S\
and two poivester samples, a bent (LP) and a
medium (MP) weight piain-weave fabnc The
polyester faones had been designed to look
like sdk.

The interviewee was asked to put the
samples within each set in order of preference
to oe worn next to the sion. initially eacn set
was presented so that the interviewees could
not see the samples they were handling then
different swatches of the same ;ones were
assessed by handle wnile they could see than.
The order of presentaaon of the tabnes was
varied between individuals and also between
the two assessments of an interviewee.

The results in Table 2 show that there is bi-
de, or more commonly, no change m the rank-
ing order of each of the fabrics when they are
«w w | with and without seeing- the tabnc
These results may be misleading when itiscon-
sidered that, in set 1, 69% of people made at
least two rank changes and, in set2,76% of peo-
ple made rank changes between seen and
unsern fabrics. The two groups that changed
their minds the most between A and B were the
16-25-year age-group and also the lower mid-
dle and lower social classes; surprisingly, there
were no notable differences in ranking between
the sexes.

Oneofthe mam inferences that can be made
from these results is that the younger age
groups and the lower classes are more prone to
base their assessment of in-wear comfort on
the appearance rather than the handle of a
fabnc

Ranking Sensations

The interviewees were asked to rank three
specified discomfort sensanons m order of the

Textile Horizons, September 1986

224 168 302 199
281 181 259 186

448 141 239 152
440 123 282 160

most obiecoonable to the least ooiecnooable to
tolerate while wearing a garment. The rank
order was the same lor all the age-groups and
social classes and both sexes. Tickle was con-
sidered to be the most unpleasant sensaooo,
followed by oght fit; almost invariably wet
cling was the least unpleasant. It should be
noted that the respondents were concerned
with everydav wear, and not with garments
used for sports or athletics. Tne Shirley

Insarutc wearer trials had discovered that tight
fit could be more uncomfortable and painful
than ucklc, but agreed with the pubbds rank-
ing of wet cling. It is assumed that the pubbe
had disregarded the painful and restrictive
nature of garment fit as bang inevitable if the
wrong sue was chosen, and therefore exduded
extreme smiaQOQS when they ranked the
sensations.

The Final Choice

Tocoodude, therefore, although the pubbe are
aware of discomfort from clothing they will
invariably associate the sensauoa with the fibre
type. The quesooonaire has 5down that
relanvely few people will actually look at a gar-
ment label to determine the fibre rype and that
the image the tabnc portrays is very important
Therefore, when designers select a tabnc for a
garment style they should carefully consider
wbat the tabnc looks like, tne market sector it is
aimed at wnether itis fashionable, tradmonai or
functional, the requirements of the situation
for which the garment is likelv to be used, and
the in-wear comibrt both physiological and
psychological, to avoid discomfort and future
pmudice. [



fppendla-A

All of us at some time nave ieit uncomfonaDle in our
coining. We can all rememoer tne times we attended
a (unction in tne wrong outfit or one wmen was uncom-
fortably tignt.

How do cnoose our ciotnes. do we take comfort
into account and, if so. in wnat wavs?

During tne oast few years tnere nave been increas-
ing public awareness ot tne fibres ano fabrics we are
weanng next to tne sxm ang a general move awav from
man-maoe fibres towards the natural fibres. These
trenas can be united to tne very ooouiar nearth food and
fitness pnasa Leisure actrvines and snorts nave become
more ooouiar ana oeooie are more aware of tne way
mwmecn not omv food Out tabnes affect their wellbeing.

in tms article we snail look at tne asoects tne typical
consumer considers wnen assessing a garment oetore
ourcnase: aestnetics. .nandle. fit, suitability for tne re-
ouired end-use. and any past experience of similar
‘aoncs or garment styies. We snail outline two types of
negative sensation, psvcnoiogicai and prrysioiogical
oiscomtort. exoenenceo wnen weanng a garment, and
emany oiscuss tne Desi metnods of assessing a fabric
or garment witn resoect to comfort.

What is comfort?

Comron is defined in tne Oxford Engnsn Dicnonarv as
"freedom from cam. wellbeing". In tne context of
oenerai doming assessment, comfort is a neutral sen-
sation, wnen we are onysiologicaliv ano osvcnoogicallv
unaware of tne clothing we are weanng. There are
pnysioiogicai ano osvcnoiogicai positive comfort sen-
sations out these tend to be more moiviouaiisTic ano less
freouenuy noticed wnen we are weanng a garment man
are tne discomfort sensations. Therefore, in me assess-
ment of a faonc or garment for a particular eno-use. me
comfort of mat product for me general population is
considered to oe neutral.

Discomfort, witn wnicn mis amae will mainly be
concerned, is a situation wnen we are conscious ot the
garments we are vwanng ano me expenence is unplea-
sant Sucn oiscomfort sensations can range from the
extreme case of an allergic reaction, through to less
painful sensations sucn as being unnappy in dinging
faonc or feeung awkward wnen we have odd socks on
at a too interview. We can mus distinguish rws maior
types of discomfort sensation : first psychological
discomfort wnen me doming we are weanng is irtap-
proonate for us personally or for an occasion: and
secondly, physiological discomfortwhen me body feels
uncomfortable as tor example when we feel too cold,
have an anergic reaction, feel itchy, or me garment is too
tight Bom psychological ano physiological discomfort
can be subdivided into more specific forms of discom-
fort as set out in Diagrams 1 and 2.

Approach to purchasing a garment
When a consumer considers purchasing a garment, a
senes of basic steps is followed, as set out below, with

The comfort of
clothing

Julia E Smith

Psychological discomfort

Garment style \

flatters your figure rabnc construction
ano it fits orooenv ano finishes

Physiological discomfort

©/Sesoal disconfort
IWhat me (abnc/garment feels
like wnen it is vicrn next to

the skinl
Abrasion of Loose fibres Wet tabnc clings
tne sxm are sneo to the skin
i2JThermopnysio/ogica/ discomfort
/ | \
Too warm Too cold Transport of sweat

away from me skin

I131ICarment fir

Tight fit overall Tight local areas

leg.waistbands)

most decisions being made subconsciously and
simultaneously.

lliAasmeocs The consumer looks atagarmentto see
if it is me nght style, if it is fashionable or traditional,
whether it vwuld be fiattenng. At the same ome the
aesmeocs and comfort of me fabric are also being
assessed. Decisions are being made on whether me
faonc colour or pnnt design and surface properties are
acceptable Is me fabnc hairy, smooth, rough, or silky?
Does it look as if it might be uncomfortable? This last
decision will be based on past expenence of tabncs and
23
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Diagram 1

Diagram 2



Appendix 4 065

Sporn and tesura
tvojf ara suofCT to
tachntcai
davatopmam to
ansura maximum
comtoa. (Hart, a
jogcmg sun m a
conon-acryuc
soons-acvon tadnc
from ma Umore
Kaap-in e0Hacoon.
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carmen! sTvies if m :ne oasi a canicuiar raonc was un-
com’artacie to wear nexi to tne s*m causing irritation
3 rasr,. or =n anergic reaction, 3 orosoect-.ve ourcnaser
:encs to reiate mat sensation to tne trore content Trs
tvoe or reaction <s unoouoteciv influenced ov tne
mancenng strategies of tne fibre orcoucers wnen me*/
aovert:se tne orooenaes or their orooucts: tor instance,
ooivester «curaoie ana non-aosoroent wnereas cotton
s aosoroer.t, in tne case of tnese rwo fibres, tne intrin-
sicr.ore orcoemes are Significant wnen tne oertormance
of tre oroouct ceoenas on eitner curaomtv or aosoroen-
cy. -iowever. tne cegree of comrort or discomfort
associated witn a faonc can deoena on manv factors:
sncarjcuiar. tne raonc structure anc surtace orocemes
A raoric msv oe -woven or <nitrec. cense or coen m
structure, siretcnv or not. nairv cr smootn. amo or stiff,
snmv cr mart, to name out a rew All of tnese effects
can ce orocuceo ouring Taoric orocuction ana fimsnmg,
tne/ nave a significant beanng on comfort Drooemes
anc tenc to oe inoeoenoent of tne rvoe ot fibre involved.

in me reiativeiv :ew cases of an anergic reaction
reported in tne literature tnere nas oeen no evidence to
suggest tnat man-mace fibres -were tne cause; it $
believed tnat sucn reactions are cue to tne fimsnes us-
ed on tne fiores - tne oves. softening agents, wasnmg
powoers ana so on. Manv oeooie think mat me/ nave
an allergy to a fibre wnen in fact the rasn is caused bv
faonc ruoDmg against me SKin. This is particularly com-
mon in the case of wool. It is uncertain how many peo-
ple co actually suffer from fibre allergies, since very few
cases actually get rererTed to a nospitai consultant, most
bemg ceait witn bv a local doctor and therefore not
comorenensrveiv investigated

Of me selection of fibres availsDie to tne ououc. man-
maoe fibres tena to be more versatile in tneir aestnetic

Bvw

¢xn.es 556. /o>

=nc mnnsic fore crooenies man natural fores
‘«jowaoavs mere are commercially avanacie man-maoe
-.0re 'aorics :na; 'esemoie cotton n nanaie ano ap-
pearance Tnererore at me first stage or croouct assess-
ment tne man-maoe fiDres are comoaraoie witn tne
natural ficres. wnen tne consumer :s unaoie to tell the
Difference oetween tne two.

:i :ne consumer consioers tnat :ne faoric ano gar-
ment aesrnetics are oieasant =nc loo* comionaoie.

ne/sne wni move on to me next stage of oroouct
analysis.

(ii"Handling me raonc  This is usuaiiv aone ov ruoo-
,ng ana crusnmg me raonc between tne fingers. When
me garment is intenceo to oe worn next to tne sen most
consumers usuaiiv want a son. smootn nanoie ana will
*ena to co for a faonc mat tnev are usee to wearing.

Aimougn tne nancie oi a iaoric nas oeen snown to
oe an unreliable metnoo of oredictina anv Discomfort
inat will be exoerienceO wnnst tne garment is being
worn, nevertheless it remains an imoortant steo in tne
assessment of a garment oefbre burenase It is a
relatively snort process, wnen a conscious erfort is ail
the time being maoe to register even/ tactile sensation.
Kanoie observations can oetect differences between
most faDncs in resDect of faonc structure, oraoce. finish
ano so on. butthev are unaDie to assess faonc surface
nairtness. thermal insulation, moisture-transfer Drooer-
ties, ano garment fit The general Ooov surtace area is
less able to oiscnmmate between faDncs than tne hands
anawnen there is discomfort tne sensation is not usual-
ly directly related to the hanoie observations. When tne
metnoo of nanoling a ciotn is analysed it can oe seen
now tne movement oetween SKinana tne faoric surtace
differs from tnat occurring wnen a garment is being

)
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reonc surrsce
profiles of kmrteo
raoncs. magnified :o
snow surface
namness. lUooeri
Smoorn sunace.
(Lower) This raonc
caused oiscomron
owing to tiCKie ana
fibre sneaamg.



Appp-ndIx 4

worn. Using a conventional handle tecnnioue me thumb
flauens any protaioing surface fibres to gn* me impres-
sion of a smooth, son. resilient fabric.

The hign oensitv of nen* enomgs and me low touch
tnresnold in me fingertips as compared with me general
Body surtace enaoie an accurate profile of me fabric Sur-
face to be acnieved This means mat the fingers can
register fine Details in fabric surtace orooemes tnat tne
boov cannot Tne range of nanoie sensations experienc-
ed isvast in comparison to those ten by tne general booy
surface However, me sensations registereo bv tne
general boov surface wnnst wearing a fabric in garment
form tend to be tne unpleasant ones
(Hil Trying on tne garment it tne handle is acceptable,
tnen me garment will be tried on This stage is mainly
to determine if tne fit is good ana the style is flattering,
and tne decisions are greatly influenced bv tasnion
trends. Any pnvsioiogicai discomtorf tnat is iixeiv to be
caused by tne taonc or garment ouring prolonged wear
is rareiv noticed at inis stage, unless it is extreme
uviWeanng tne garment  The final stage of garment
and taonc assessment is maoe wnnst tne ciommg is be-
ing worn toi ns intenoeo eno-use This is me time wnen
most oiscomton sensations are felt ana wnen the ore-
luooes against iiores are esiaousnec Everyone nas his
or ner own discomfort tnresnold relating to me in-
dividual's cam tnresnoid Eacn person also has cenain
views on wnat is and is not an acceptable type of
oiscomton sensation, for instance, someone may preter
a coarse tatmc surface whereas someone else may feel
tnat mat is unacceptable These individual tastes have
to be catered tor. Out mere is no doubt tnat most peo-
ple preiei a garment or fabric to be unnoticeaoie

Comfort assessment
A puouc duestionnaire. oevised by Shirley Institute and
conducted 0/ a professional mantel researcn company,
was answered by a tnousano people in England in 1984
It was oesigned to oetermme me public's attitude
towards tne comfon and discomfort properties of fabrics
and garments. Aithougn there was a strong preference
for cotton, most people were unaoie to say wnv they
preferred it. They were aiso unable to describe me
discomfort sensations they had felt from me fibres they
had selected as uncomfortable to wear nextto me skin
One of tne most surprising results from me survey was
me discovery mat garment labels are a rr.apr source of
discomfort. Well over half of me people interviewed
regularly remove these labels, because of either the
physiological discomfort wnen a comer of me label
sticks inthe skin or the psycnological discomfort when
a label hangs outside the garment

There ts only one accurate method of assessing
fabnc and garment comfort and that is bv extensive
wearer-trials. Arty otner methods of assessment such
as physical tests hate to be based on the results and
observations from wearer-trials. To ensure me informa-
tion obtained by wearer-triais is technically and
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statistically sound, a standard terminology nas to be
established, as a means of ensuring mat bom the peo-
ple running the trial and those analysing tne data «now
exactly what the subiects in the wearer-trial have ex-
perienced Toillustrate this point, the same sxm sensa-
tion produced bv wearing a fabnc was described as
scratcny. coarse, rough, harsn, and aorasn®. witnout
taking account of tne_colioouialisms It is therefore
necessary to identify all the common sxin sensations
tnat are likely to oe perceived in a wearer-triai and to
define mem. It a person experiences an undefined sen-
sation, ne/sne will De able to oescrioe tne sensation
more accurately using terms from tne standard
vocaouiary in manv investigations a scaie of intensity
is reouneo so tnat tne garments or fabrics being tested
can oe but in order Thev can either De ranked tso tnat
tne differences Detween tne taorics are unxnownl or
tnev can be graced on a scaie Iwhicn enaoies tne
relative differences between mem to De Known)

Wearer-mais are an accurate Dut expensive and time-
consuming metnod of testing a product, and meretore
it is not cost-effective for most garment, faDric. or fibre
manufacturers to assess their Drooucts in tms wav The
nandie of me fabric, as explained aDove. is aiso not an
accurate or reiiaDie metnoo of determining the discom-
fort sensations that are lueiv to be experienced in wear
ror tnese reasons tne most practical metnoo of product
assessment is to use physical tests mat are specialty
Designed to measure a certain property of the fabric or
garment that is known to influence a oiscomtort
sensation

Tne manufacturer hasto depend on the relationship
between the physical property (tor example, fabric ex-
tensibility, fabric surtace namness. or thermal insulation |
and the discomfort sensation aireadv having been
established from a weater-inaf. in many cases more tnan
one onysicai property contributes to prooucing a sen-
sation. It the fapric ts found to produce a tickle sensa-
tion, tne hairiness of the fabric surface isa maior factor
influencing this sensation, but the fit of the garment is
aiso important Fit determines me amount of relative
movement between me fabric and the body; me more
times tne fabric moves over me skin, the more freouentty
will atickle sensation be acknowledged by the wearer.

When more tnan one property is known to influence
a skin sensation, a weighting factor to indicate tne
significance of each property has to be applied to the
final analysis of results. This is to ensuie that when a
fabnc is measured on physical test eouipmem. the most
influential property is not overshadowed by the less im-
portant ones.

Whnen a physical test method is being developed
from subiecuve wearer-trials it is necessary to isolate
personal preference and preiudice Irom me actual sen-
sations registered To minimize these effects, tne ap-
pearance of the test faDncs should be as similar as
possible wttn respect to colour, texture, and lustre The
results are very dependent on the attitude of me wearer
26



a; Woven eoge. usually comtortaoie.

Dl Heat-seaieo eoge. founa on 20% or leoeis in me
UK. causino some irntation io tne Skin

to tne raonc. If me oerson mimes tne taoric wul cause
oiscomfort. oecause it iooks like one wnicn was uncom-
fortaoie m tne oast, tne reaction is more nkeiv to oe un-
‘avouraoie ana vice versa The magnituoe of an uncom-
*onaoie sensation isoeoenoent on tne faDnc anc oar-
ment orooemes. anv oersonai oreterences, ana an in-
dividual's oiscomtort tnresnoid. Consioenng ail the
aoove oomts it is necessarv to nave a large cross-section
ot the ooouiation insciveo in a wearer-tnal so tnat any
Differences Detween tne comfort of faorics or garment
styles will be statistically significant.

Conclusions

Both tne buoiic Questionnaire and wearer-tnais con-
ducted at Shiriev institute to Determine tne discomfort
sensations from taoncs ana garments nave emonasis-
ed tne imoortance of taDnc aesthetics m creating tne
correct image tor a garment. Tne resoonse to tne im-
age wnl be to associate tne faonc -with oast exoenences
whnicn wiii ultimately influence tne wearer's judgement
of garment comfort.

Textiles :986. mi '5. Vo '

ci rteat-seaiea eace. jnaccurateiv cut. causing more
ciscorruorr :r,an id)

‘a) Heat-fused eoge. iiaDte to crack at fold ana
meretore very uncomfortable in wear

Cenain raonc orooenies ano garment stvies can
cause ciscomion sensations .n a orooonion of me
boouiation. me tvoe of aiscomron sensations oeoen-
ding on the end-use During strenuous activity tne fsDnc
or garment style wul have tne greatest cemancs made
on it for comtort m wear. The wearer wul be not ano
sweating ano tne garment wul be moving over me skin
reguianv, «men is tne most likeiv situation for wet ciino
ano. more senousiy. skin abrasion.

Garment and faonc oesigners are becoming more
aware of oublie Demands for comron and gooo oertor-
mance linked to cesiraoie aestnetics. New oesigns are
now commerciaiiv avaiiaole esDecailv in me soortswear
field wnere a lot of orogress nas oeen made

The ultimate aim of muen current researen work on
me comfort of ciotnmg is to ceveloo scientific
unoerstanomg to me oomt wnere designers and
manufacturers can accurately oreoict tne com-
forudiscomfoa Drooenies oi tnen orooucts before oro-
ouction ana hence imorove me attractiveness ana auau-
ty of the domes we buy
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Discomfort from
garment la0eis
anses from me
folded comer »mere
the edging often
Dncks the skin.
These pnotograpns
show laoei edges,
as magnified Oy me
scanning eiecrron
microscope.



