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I. INTRODUCTION

The clothings have two kinds of objects. One is a
biological object to protect human body against any
external obstacles, and the other is a social object
such as for etiquette, representation of individuality,
or ornament. The kinds of clothings have become
diverse to fulfill these objects, especially those of
underclothings have been recently increased mark-
edly.

The underclothings have two sides of importance
such as clothing-engineering (figure revision) and
hygiene (warmth, absorption of perspiration, etc.).
The sort of underclothing which has main purpose
for figure revision is called as ‘foundation’ and com-
prehends many kinds such as brassiere, girdle, cor-
set, bodysuit, gater belt, waist nipper, etc.

The foundations are generally made with elastic
fabrics, especially knitted fabrics involving spandex
filaments which have very high elasticity recently,
so the foundations have some problems in the side of
hygiene due to the high clothing pressure.

Many studies for the clothing pressure have been
carried out, but most of them with a few exceptions
about the measuring method of the clothing
pressure!~® are about the effects of clothing pressure
on the human system*-'® Considering them as a
whole, it is evident that the clothing pressure is a tax
on human system though that does not cause any
illness directly. Therefore it is necessary to find out
the method to reduce the tax while keeping the
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primary functions of the foundations by scientific
researches for their materials, shapes, wearing con-
ditions, etc.

Most of the researches reported up to the present
have been carried out with examinations under
wearing condition in the position of consumer sci-
ence, but it is demanded for researches to offer the
foundation producers the useful data.

In this study as a part of them, it was attempted to
investigate in a engineering ground the effects of
various conditions refered to some kinds of knitted
fabrics being used as foundation materials on cloth-
ing pressure. The variations of pressure by knitted
fabrics, composed of synthetic fibers and used as
girdle materials, for rigid body with changes of
elongation, wearing time were determined firsﬂy;
and those for specific bodies composed of rigid and
elastic solids”, which was designed in consideration
of human body, with change of the elastic solid ratios
were also determined. Hence the problem from
which the establishment of specific condition was
impossible in the case of examination under the
worn condition could be conquered.

Besides, in order to compose with them the same
examination was carried out for the cotton knitted
fabric being used as drawers materials.

II. EXPERIMENTAL
Samples

The samples in this experiment were knitted fab-
rics which are used as materials of girdle or drawers,

Table 1. Characteristics of samples

Item

fabric count thickness

Sample fiber fabric structure (wales x coursesfin)  (mm) use
A nylon tricot (polyurethane 51x47 0.45 girdle
polyurethane weft insertion)
B nylon tricot (polyurethane 42 x 48 0.53 girdle (interlining)
polyurethane welf insertion)
C cotton 1x1 rib (polyurethane 32x 27 0.63 drawers

polyurethane weft insertlon)
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Fig. 1. Shape of body and sample on measuring.

and their characteristics were indicated in Table 1.
Pressure Determination

The pressure was measured by Polygraph (360
system, San-ei, Japan) for 12 hours continuously.
The samples (width of wale direction: 5 cm, length of
course direction: required size) were made into ring-
shapes, and the cylinderical bodies (diameter: 6.7 cm,
height: 10 cm) were covered with each sample ring.
And then the sensor of the Polygraph was inserted
between the body and sample like Fig. 1.

In all cases, the elongations of samples were chan-
ged with 10, 20, 30, and 40%.

By kinds of samples

The pressures for rigid body by A, B, overlapping
A and B (A+B), and C samples were determined.

By states of bodies

The pressures by two typical samples (A and C) for
rigid and elastic solid bodies, whose ratios of elastic
solid were changed with 0.25, 0.50, 0.75, and 1.00,

were determined. The polyurethane foam whose
compressive resilience was about 90% under load of
100 g/cm? was used as the elastic solid. Fig. 2 shows

" the constituent state of the body".

[II. RESULTS AND DISCUSSION
Change of Elongation by Kinds of Samples

The degree of pressure may be expressed most
distinctly when the body is rigid. Therefore, the
changes of pressure with the passage of time by
change of elongation were read at intervals 1 hour,
and indicated in Table 2.

The changes of pressure with the passage of time
were next to nothing except a little change for
beginning of 2~3 hours, which may correspond to
the period of time occupied on equilibration of pres-
sure distribution. The fact that the pressure was not
varied almostly may be resulted from that not only

I,
A

Fig. 2. Model of body composition.
77 rigid elastic

X : elastic solid ratio
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Fig. 3. Changes in pressure for rigid body by A, B,
A + B, and C samples after 3 hours with various
elongations.

Sample: O A AB O A+B X C

the fabric structures were knitted ones but also the
high elastic spandex filaments were inserted along
the weft direction of fabrics. On the other hand, the
period of time occupied on equilibration of pressure
distribution will be shortened much by moving
condition in the case of being worn.

Fig. 3 shows the change of the pressure for rigid
body after 3 hours with increase of elongation.
Generally, the pressures were increased approxi-
mately in proportion to the elongations (coefficients
of correlation for A, B, (A+B), and C samples were
0.994, 0.990, 0.994, and 0.949, respectively), and the
tendencies for A, B, and (A+B) samples, whose
elasticity and fabric count were relatively high, were
superior to those for C sample.

The fact that the relation between pressure for
rigid body and fabric elongation is proportional had
been reported by other studies'? too.

Change of Elastic Solid Ratio

The changes of pressures by A and C samples with
passage of time by elastic solid ratios were indicated
in Table 3.

The canges of pressure with passage of time were
next to nothing except beginning of 1~2 hours also
in this case. So the changes of pressure after 3 hours
with the increase of elongation were illustrated in
Fig. 4.

The pressure for the rigid body was increased
approximately in proportion to the elongation. But
in the other cases, the pressures were not changed
until 30% of elongation, and increased a little at 40%
of elongation. These facts may be resulted from the
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Fig. 4-a. Changes in pressure for rigid, el'astic, and rigid-
elastic bdoies by A sample after 3 hours with
various elongations,
Elastic solid ratio : ® 0.00 © 0.25

0 0.75 X 1.00

A 0.50
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stress-relaxation of the elastic solid, 7.e. the decrease
of actual elongations by the decrease of body diame-
ters due to the contraction of elastic solids.
Therefore, the decreasing quantities of body diam-
eter and the actual-elongations (the elongations in
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Fig. 4-b. Changes in pressure for rigid, elastic, and rigid-
elastic bodies by C sample after 3 hours with
varjous elongations.

Flastic solid ratio : @ 0.00 O 0.25 A 0.50
o 0.75 X 1.00
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the state of the body diameter decreased) for A
sample were indicated in Table 4, the changes of
actual-elongations by elastic solid ratio with
increase of the expressed-elongations (the planned
elongations=elongations) were illustrated in Fig. 5.

Generally, excepting the case of 0.25 of elastic
solid ratio the increasing tendencies of actual-
elongation became blunt more and more with
increase of the exprssed-elongations, and the degrees
of them were increased with the elastic solid ratio
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Relation between actual and expressed elonga-

tions of A sample.

Elastic solid ratio : @ 0.00 O 0.25
o 0.75 X 1.00

Fig. 5.

A 0.50

Table 4. Shrinkage amounts of body diameter, actual-elongations, and theoretical pressures for elastic and rigid-elastic

bodies by A sample with various elongations

Elastic solid ratio 0.25 0.50 0.75 1.00
ltem SD AE TP sSD AE TP SD AE TP SD  AE TP
Elongation (%) {cm) (%) (g/em?) (cm) (%) (g/cm?) {em) (%) (g/em®) {em) (%) (g/em®)
10 0.23 100 9.29 0.10 9.5 7.60 0.19 7.9 6.50 032 5.8 5.03
20 0.51 15.5 11.75 0.54 149 11.33 0.58 143 1091 0.80 10.1 8.00
30 0.77 26.5 19.38 1.08 19.7 14.66 1.31 15.0 11.40 1.47 116 9.04
40 1.08 39.7 28.53 1.79 222 16.39 217 127 9.81 2223 114 8.69

* SD : shrinkage aomunt of body diameter AE : actual-elongation

TP : theoretical pressrue
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ure for rigid, elastic, and rigid-elastic bodies by A

sample after 3 kours with various elongations.

Elastic solid ratio : © 0.25 A 0.50 D 0.75
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and so the actual-elongations at 40% of expressed-
elongation for 0.75 and 1.00 of elastic solid ratios
were decreased a little than at 30% of expressed-
elongation instead. This phenomenon may be result-
ed from the fact that the body diameters were de-
creased distinctly by the yielding of elastic solids
when the pressure was increased excessively with
the expressed-elongation. But for the 0.25 of relative-
ly small ratio of elastic solid, the actual-elongation
was increased again at the higher expressed-
elongation owing to the great influence of the rigid
material commanding a majority in the body.

On the other hand, the theoretical pressures were
calculated by the following regression equation
obtained from the data of A sample for rigid body,
which have high correlation (r=0.994) between pres-

sure and fabric elongation, and indicated in Table 4
and Fig. 6.

Y=099+0.69X
where, Y is pressure (g/cm?®) and X is elongation (%).

Here, the theoretical pressures were changed with
the actual-elongation and the gaps between the theo-
retical and measured pressures may correspond to
the quantities of pressure relaxed by elastic solids, in
other words, the quantities of load which the elastic
solids must bear.

In the case of actual wearing condition, two types
of results can be assumed as follows;

1) The figure revision will be achieved at some
regions of human body being much fat, muscle, or
internal organs, which will be shifted a little to other
regions where relatively low pressure is putted.

2) Some pressed marks will be left on other
regions of human body being few fat or muscle after
undressing by temporary loss of those regions’ elas-
ticity.

From the fact, indicating in Fig. 5 and 6, that the
higher elastic solid ratio was, the lower the actual-
elongation and theoretical pressure were, it can be
known that the object of foundations will be
achieved upon type 1. But generalizing from hygi-
enic point of view, excessive clothing pressure may
apply some loads to human body whether upon type
1 (shifting of some regions) or/and type 2 (direct
pressure relaxation by some regions).

These phenomena may be related to the facts that,
at the study by Watanabe et al.®, the viscera incased
with ribs were affected by the clothing pressure less
than the others, and at the study by Ku'®, the cloth-
ing pressure for the back was greater than those for
the side and front and the unpleasantnesses were
indicated at regions of waist, abdomen, and thigh
which have much fat or internal organs.

On the other hand, Fig. 4-b shows that the pressure
differences of C sample between for whole rigid body
and for rigid-elastic solid bodies were very small.
This seems that the load of human body by the
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drawers may be very small.

IV. CONCLUSIONS

The pressure by knitted fabrics for foundation
according to the variation of the fabric elongation,
the elastic solid ratio in body, and wearing time were
measured and discussed in a engineering ground.
The results were as follows:

1. For the rigid body, the pressure was increased
with the elongation and the tendency of fabric for
girdle was much greater than that for drawers.

2. According to the increase of elastic solid ratio
in body, the increasing tendency of actual-elongation
became blunt with increase of expressed-elongation,
especially at 40% of expressed-elongation the
actual-elongation was decreased a little instead.

3. For the body including elastic solid, the pres-
sure itself and its variation with fabric elongation
was much smaller than those for rigid body.

4. The variation of pressure with passage of
wearing time was little except the initial equilibrat-
ing period of pressure distribution.

REFERENCES

1) Watanabe, M., Tamura, T., Iwasaki, F., Effects of
the Clothing Pressure on Human Body (Part 1)-An
Investigation on the Pressure Transducer-, fournal
of Home Economics of Japan, 23, 325 (1972)

2) Watanabe, M., Tamura, T., Hosoi, U., Studies on a
Calibration Method of Pressure Transducers for
Measuring Clothing Pressure (Part 1)-A Calibration
with Air Pressure-, Journal of Home Economics of
Japan, 26, 366 (1975)

3) Hasegawa, M. and Ishikawa, K., Studies on Gar-
ment Compression-An Estimation of Garment Com-
pression by the Dome Method-, Sen-i Gakkaishi, 42,
475 (1986)

4) Watanabe, M., Nakahashi, M., Tanaka, T., Study
on the Clothing Pressure (Part 1)-The Pressure of
the Girdles on the Body-, Journal of Home Eco-
nomics of Japan, 20, 252 (1969)

BEKRE S

5) Watanabe, M., Nakahashi, M., Tanaka, K., Study
on the Clothing Pressure (Part 2)-Variations of
Girdle Pressures by the Kind of Materials-, Journal
of Home Economics of Japan, 22, 118 (1971)

6) Nakahashi, M., Tagami, K., Watanabe, M., Study
on the Clothing Pressure (Part 3)-Feelings from
Wearing Girdle-, Journal of Home Economics of
Japan, 23, 319 (1972)

7) Watanabe, M., Tamura, T., Iwasaki, F., The effects
of Clothing Pressure on the Human Body (Part
2)-The Clothing Pressure on the Upper Arm-, Jour-
nal of Home Economics of Japan, 24, 397 (1973)

8) Watanabe, M., Tamura, T., The Effects of the
Clothing Pressure on the Human Body (Part 3)-
Displacement and Deformation of Viscera-, Journal
of Home Economics of Japan, 21, 44 (1976)

9) Watanabe, M., Tamura, T., Iwasaki, F., Shimane,
U., Clothing Pressure Due to Stretch Fabrics (Part
1)-Effecting Factors on the Clothing Pressure-, Jour-
nal of Home Economics of Japan, 30, 457 (1979)

10) Watanabe, M., Tamura, T., Iwasaki, F., Shimane,
U., Clothing Pressure Due to Stretch Fabrics (Part
2)-Relation between Clothing Pressure and Pressure
Sensation, Journal of Home Economics of Japan, 31,
439 (1980)

11) Ono, S., Tanaka, M., Effects of Foundation Gar-
ments in Worn Condition of the Physiological Func-
tion, Journal of Home Economics of Japan, 25, 486
(1974)

12) Ikuta, N., Effects of Clothing Pressure on the
Trunk-Examinatior. by Means of Electromyogram-,
Bulletin of the Faculty of Education in Yamaguchi
University, 26, 117 (1976)

13) Ku, Y.S,, Feelings of Wearing and Clothing Pres-
sure of Girdles, Thesis for Master’s degree in Gradu-
ate School of Kyungpook National University, 1983.

14) Lee, S.H, Study on the Comfortness in Wearing
Girdle, Thesis for Master's degree in Graduate
School of Kyungsang National Univesity, 1985.

15) Kim, J.K., An Experimental Study on the Clothing
Pressure of Girl’s Clothes by the Various Motion,
Thesis for Master’s Degree in Graduate School of
Sukmyeong Women University, 1985,

16) Sim, B.J,, Kim, S.J., A Study on the Effect of Girdle
Pressure, Journal of Korean Home Economics Asso-
ciation, 24-4, 1 (1986)

17) Yoshimura, H., Ishikawa, K., Studies on Garment
Restraint-Compression and Motion Resistance by

— 126 —



BEKEEER 11

Bodysuit-, Journal of Home Economics of Japan, 37, Responses and the Microclimate in Girdle, Journal
107 (1986) of the Korean Society of Clothing and Textiles, 11-2,
18) Kim, H.S,, Choi, J.W., A Study on the Physiological 57 (1987)

— 127 —



