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Effects of Wettability of Cotton Shirts on Wear
Comfort Sensation

Michiko MITSUI

ABSTRACT

The samples included highly wettable, modestly wettable and non-wettable cotton shirts treated
by surfactants and a finishing agent. When subjects wore these samples, the influence of the fabrics
materials on physiological and psychological response was examined. The subjects marked a ballot
to communicate their sense of sweating, soaking, thermal sensation and discomfort sensation at
three minute intervals. The relationship between the wettedness on skin and fabric and subjective
sensation was studied.

The results are as follows : Each subject experienced the equivalent exercise condition, but the
vapor pressure, body weight loss, thermal sensation, sense of sweating, sense of soaking and
discomfort sensation of the subject were different. The thermal sensation of subjects became warm
by exercise and that corresponded with the temperature and humidity inside the fabrics.

There was hysteresis between each sensation and the wettedness. The hysteresis of each sensation
was different.

Body weight loss and wettedness on the skin of the subject wearing non-wettable shirts were
higher than those of the highly wettable shirts. The sense of soaking and discomfort sensation
experienced by subjects who wore non-wettable cotton shirts were lower than those of the highly

wettable cotton shirts.

1  Introduction

Wear comfort sensation of a subject is influenced
by a complicated sensation including contact sensa-
tion with fabrics and thermal sensation. Microclimate
between cloth and skin has a great influence on
thermal sensation and comfort sensation.

The effects of fiber differences on wear comfort
and microclimate between cloth and skin under exer-
cise have been studied®**.

The previous paper® deals with the effects of
wettability of cotton shirts on microclimate between
clothes and skin under resting and exercise using
knitted cotton undershirts treated by two surfactants
and a finishing agent. The change of the skin and
fabric wettedness was examined. The results indicat-
ed that wettedness and body weight loss of the subject
wearing non-wettable shirts were greater than those
of wettable shirts.

The subjects marked a ballot to communicate their
sense of sweating, soaking, thermal sensation and

comfort sensation during the wearing experiment. In

this paper, the correlation between these subjective
sensations and wettedness on skin and fabric was
studied.

2 Experimental

All the fabrics used are highly moisture absorbant.
However, the shirts treated by an anionic surfactant
are highly wettable, and those treated by a cationic
surfactant are modestly wettable. Those treated by a
fluorine-containing finishing agent are not wettable.

Experiments were conducted in a climatic chamber
under a temperature of 23°C, a relative humidity of
499% and an air movement of 10 cm/sec. Two subjects
performed the wearing test during 84 minutes includ-
ing 21 minutes of exercise. Exercise was conducted by
an intensity of about 40 percent each subject’s maxi-
mum aerobic capacity determined from a previous
maximum exercise tolerance test. The velocity of the
treadmill was 63.5 and 58.5 m/min with an 8.6
percent slope for subject S and I respectively. Local
temperature and vapor pressures were measured at

one minute intervals inside and outside the shirts on
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both right and left sides of the back and in the
environment. The subjects marked a ballot to com-
municate their sense of sweating, soaking, thermal
sensation and discomfort sensation at three minute
intervals. Table 1 shows a rating chart for subjective
sensation. The details of the experiment are shown in

the previous paper.?
3 Results and discussion

Fig. 1 shows evaporative heat transfer during the
experiment. Since the two subjects have a similar
physique, evaporative heat transfer shows a similar
curve with body weight loss.

For example, the relationship between thermal
sensation of subject and the wettedness on skin and
fabric that were mentioned in the previous paper® are
shown in Fig. 2 which shows the results of non-
wettable shirts (Sample 8). At the start of exercise,
the wettedness on skin and fabric was low. Along
with increased wettedness on skin and fabric, the
thermal sensation of the subject changed to a hot
sensation.After the thermal sensation reached hot, the
movement to cool showed hysteresis as it was differ-
ent from the movement to hot sensation. In spite of
the fact that the wettedness was the same, the move-
ment to cool sensation slid into cool as compared
with the movement to hot sensation. The thermal
sensation felt by each subject showed hysteresis in
Fig. 2. The hysteresis of the wettable shirt was lower
than that of the non-wettable shirt. The hysteresis of
the skin wettedness was less than that of the fabric
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wettedness, and the thermal sensation between the
increase and decrease of the wettedness on skin was
similar.

Fig. 3 shows the relationship between the sense of
sweating and the wettedness on skin and fabric of
non-wettable shirts (Sample 8). The sense of sweat-
ing increased along with the wettedness on skin and
fabric. After that, the sense of sweating was low in
spite of the same wettedness on skin and fabric. The
sense of sweating had a big hysteresis.

Fig. 4 shows the relationship between the sense of
soaking and the wettedness on skin and fabric of
non-wettable shirts (Sample 8). The sense of soaking
increased along with the wettedness on skin and
fabric. In spite of the fact that the wettedness was the
same, the sense of soaking decreased to dampness and
was kept damp. As the sense of soaking was less
sensible, the hysteresis of the soaking sensation of the
subject wearing each sample was different.

Fig. 5 shows the relationship between discomfort
sensation and the wettedness on skin and fabric of
non-wettable shirts (Sample 8). Although discomfort
sensation increased along with the wettedness on skin
and fabric, in this sample discomfort sensation did
not decrease soon in spite of the decrease of the
wettedness. But, in another sample of non-wettable
shirts, discomfort sensation decreased. Discomfort
sensation of wettable shirts was higher than that of
non-wettable shirts.

The hysteresis of each sensation was a little differ-

ent as mentioned above.

Table 1 Subjective sensation rating chart

Sample Thermal sensation Discomfort sensation Sense of sweating . Sense of soaking

4 Very hot Soaking wet
3 Hot Intolerable Much Wet
2 Warm Uncomfortable Moderate Slightly wet
1 Slightly warm Slightly uncomfortable A little Damp
0 Neutral Comfortable Not at all Dry

-1 Slightly cool

-2 Cool

~3 Cold

—4 Very cold
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Fig. 1 Evaporative heat transfer during experiment.
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Fig. 2 Relationship between thermal sensation and
the wettedness. (Sample 8)
—@ Skin wettedness at the right side of the back
—O Skin wettedness at the left side of the back
—- A Fabric wettedness at the right side of the back
—-A Fabric wettedness at the left side of the back

Fig. 6 shows the thermal sensation experienced by
subjects during the experiment. The value of subject
S was the mean. The thermal sensation indicated by
Gagge” was 7 grades, but in this paper we used 9
grades, adding very hot and very cold. A few minutes
after the start of the exercise, the thermal sensation
of the subject wearing each sample increased gradu-

ally. When the exercise was stopped, the thermal
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Fig. 3 Relationship between sense of sweating and
the wettedness. (Sample 8)
—@ Skin wettedness at the right side of the back
—(O Skin wettedness at the left side of the back
-- A Fabric wettedness at the right side of the back
--A Fabric wettedness at the left side of the back
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Fig. 4 Relationship between sense of soaking and
the wettedness. (Sample 8)
—@ Skin wettedness at the right side of the back
—(O Skin wettedness at the left side of the back
-- A Fabric wettedness at the right side of the back
--A Fabric wettedness at the left side of the back

sensation of the subject reached a peak and then
decreased rapidly. This result was similar to the
change of temperature inside the shirt by evaporative
heat regulation caused by sweating. But, the mean
skin temperature of the subject was different from
this thermal sensation. After 60 minutes, subject I did
not feel so cool, but subject S felt cool because of

much sweating. The subject wearing the non-wettable
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Fig. § Relationship between discomfort sensation
and the wettedness. (Sample 8)
—@ Skin wettedness at the right side of the back
—( Skin wettedness at the left side of the back

-— A Fabric wettedness at the right side of the back
--A Fabric wettedness at the left side of the back
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Fig. 6 Thermal sensation during experiment.

Subject S @Sample 1, 2 ASample 4, 5
WSample 7, 8 (Mean value)
OSample 3 ASample 6
[(JSample 9

Subject I

shirt felt warmer than the one wearing the wettable
shirt.

Fig 7 shows the sense of sweating of the subjects
during the experiment. Thermal sweating is impor-
tant for body heat loss. That had partial and personal
difference. Subject I showed a difference in the start
of the sweating sensation. Subject S felt sweating 11

minutes after starting the exercise. These result cor-
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Fig. 7 Sense of sweating during experiment.
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Fig. 8 Sense of soaking during experiment.
Subject S @Sample 1, 2 ASample 4, 5

MWSample 7, 8 (Mean value)
Subject I (OSample 3 ASample 6
(JSample 9

responded to the temperature and humidity increase
inside the fabric. Resent studies on sweating under
exercise has shown a correlation with core and skin
temperature®®. Subject S felt sweating sensitively.
When subject S felt sweating, the thermal sensation
was grade 1, “slightly warm”. The sense of sweating
increased rapidly, took a peak at the end of the
exercise, and then fell down rapidly. The peak of the
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Fig. 9 Discomfort sensation during experiment.
Subject S @ Sample 1, 2 ASample 4, 5

B Sample 7, 8 (Mean value)
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sweating sensation of subject S wearing the wettable
shirt was greater than that of the subject wearing
non-wettable shirts.

Fig. 8 shows the sense of soaking of the subjects
during the experiment. The soaking sensation of
subject S was higher than subject I on a whole. This
soaking sensation had a relationship to thermal and
sweating sensation. Subject S felt soaking at the same
time of sweating. After subject S finished the exer-
cise, her sense of soaking was about grade 1 “damp”.
The sense of soaking of subject S wearing wettable
shirts was higher than non-wettable shirts.

Fig. 9 shows changes in discomfort sensation in
subjects during the experiment. The discomfort of
subject I was little on a whole. After 65 minutes,
subject I, wearing a modestly wettable shirt, felt
slightly uncomfortable. The discomfort sensation of
subject S increased at the same time of sweating.
After finishing the exercise, the discomfort sensation
decreased a little. Although the temperature inside
the fabric and the skin wettedness of subject S de-
creased, this subject felt uncomfortable until the end
of the experiment. The discomfort sensation of sub-
ject S wearing wettable shirts was greater than when
wearing non-wettable shirts. As the sweating, soaking
and discomfort sensation of subject I was little, the
sense of soaking did not correlate with discomfort

sensation. The discomfort sensation correlated highly

with the sense of soaking in subject S.

From the results of these two subjects, although the
humidity inside the fabric and the skin wettedness
worn by the subjects decreased, discomfort sensation
remained the same. The discomfort sensation and
sense of soaking in subjects wearing wettable cotton

shirts was greater than non-wettable cotton shirts.

4 Conclusion

The sample included highly wettable, modestly
wettable and non-wettable cotton shirts treated by
surfactants and a finishing agent. When subjects wore
these samples, the influence of the fabrics materials
on physiological and psychological response was
examined. The subjects marked a ballot to communi-
cate their sense of sweating, soaking, thermal sensa-
tion and discomfort sensation at three minute inter-
vals. The relationship between the wettedness on skin
and fabric and subjective sensation was studied.

The results are as follows :

1) Each subject experienced the equivalent exer-
cise condition, but the vapor pressure, body
weight loss, thermal sensation, sense of sweat-
ing, sense of soaking and discomfort sensation
of subject I were lower than those of subject S.

2) The thermal sensation experienced by the sub-
jects became warmer by exercise and that
corresponded with the temperature and humid-
ity inside the fabrics.

3) Discomfort sensation correlated high with that
of the sense of soaking.

4) There was hysteresis between each sensation
and the wettedness. The hysteresis of each
sensation was different.

5) Body weight loss and wettedness on the skin of
the subject wearing non-wettable shirts were
higher than those of the highly wettable shirts.
On the other hand, the sensation of discomfort
and soaking of the subject wearing non-
wettable shirts were lower than those of the
highly wettable shirts.
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