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1. Introduction

Owing to the rapid progress of science in
cavilization and the change in quality  of
hifestyle, people have become more and
more interested in leisure and sports to
mprove their health. As a consequence, the
conditions for the proper sports environment
have varied and people have become more
concerned about the functions of sports
WEHT,

There are physical, phivsiological psychological
conditions  for comfortable sports  wear,
Among those conditions, the movement of
heat, moisture and alr to maintain  body
heat balance under the changing weather
and during the sports activity 13 consldered
to be the main condition.

In other words, comfortable sports wears
should control the transmission of heat and
moisture  according to changeable weather
conditions and the motion of the body.

The transmission of heat and moisture,
two  physiological  variables  of  clothing,
should he properly applied according to the
weather and environmental conditions and
should he able to adopt according to
changing  weather  conditions and  the
decrease of motion during a break when 1t
15 worn for a long time.

As for the condition of the sports wear
luring a change of weather, under the
summer heat condition or duaring severe
exercise low conduct effect, faat
ransportation of moisture and low
absorbition of moisture have to be achieved,
environment because body welght loss 1g
hight. However, under the cold environment,
when body weight loss 1s  low, high
conduction effect and good absorbtion  of
moisture 15 needed.

In this study. to find out the physiological

reaction of the hwnan body and the
sensation  of comfort when people are
wearing  sports near which 1s made of
waterproof breathable material under general
environmental conditions (temperature . 20!
1T, humudity
Q. lmssec) and rainy

60 ' 5%RH, air current .
environmental
conditions (temperature © 201 1C. humidity
G0V 5%IRH, air current © 0.1m/sec, rainfall ©
250 Lhr), 1 have made
experimented in an  artificial weather room
and  studied  the
features and

sportswear

thermal physiological
subjective sense by

CONParison,

2. Experiment

2.1 Subject
Subjects were 4 healthy men and the
phiysical features are in Table 1.

Table 1. PPhysical characteristics of subjects

.. Auge Height Weight Rohrer”” Body surface”™
=ubject ) _ ) arca
{veart {omy kgl indox ('

A 26 170 681 1184 1.8
B 26 W2 72n 0 1.210 11330
C 26 183 6346 1.038 1.775
N 26 178 672 1192 1.756

Note) @ Rohrer Index = “0W - 1000/H'T %100

b Body surface arcalm’) - W B R gR R3

W Woaght (kgd, H o Heighe femd

2.2 Environmental Condinions

This experiment had been conducted in
an artificial weather room for 2 months
from July 1999 to August 1999,
in order to exclude phyvsiological changes of
subjects, the experiments had been
conducted at the same time.

Considering the feature of material of the
pleasant

SPOorts Wwedr, the generally
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conditions of spring and [all and slightily

Tany conditions were chosen as
environmental  condifions  and  those  are
described In Table 2.

Table 2. Two  envirommental  conditions

establhshed In a elimste chamber

Femperarure Fomidity Alr current Rainfall

(0 (%0 R (mdsec)  (87he)
benerdl oney 6023 0.1 -
Conchirion
Hainy 3y e vy 3
Crrelirion 2001 GED 0.1 ]

2.3 Expertmental Garment

The material  for the  experimental

Garment  was new  breathable  waterproof
fabric Invented by the company K and its
features are shown in Table 3

With

garment was made n with the same design

this  material, the  experimental

as Fig. L.

I added an detachable hood 1o General
forms of sports  wear such  as casual
jackets hiking, fishing, joggmg gear have

mash paper Inside to make 11 & double laver,

2.4 Methods of measuring

Two hours after lunch subjects sit for

Temp. : 20°C
Humi.: 60%RH
Ailr. : O0.1lm/fsec

Kectal termnp.
Blzin terng.
Clothing miero climate
Eody weight loss =
Heart rate
Elaod pressure

Subjective sensation

E=x.1

Tahle 3. Specification of the samples used

for the experiment

Cirwariel {abe

Coting Thiek - \Wedght
rethed oo VIS Fabric et 00 G
Fber gpewn b T
Sl e 1140 4 88 . .
pemore Nl U e ums
polyarctine i)

|

W

Fig. I Desipn of the sportswear used f{or

the experiment

O0minutes m the preparing room (2070, 60%

RH) to calm down then therr weght i3
tacker and they are put on a sensor for

measuring the experimental garments bhefore
the

thewv  enter artificial weather chamber

Recovery

Every one min.

Every ten min.

Fig. 2. The experimental protocol.



which 1s adjusted {o experimental conditions.
The experiment is to minutes long and
the mterval and the process are stated m
Fig, 2. After thevy enter the artificial
weather chamber, they spend 20 minutes
relaxing  and  then the next 30 minutes
exercising and 20 minutes recovering,
Takmg RMR. inte consideration  was
established  normal and strong.

intensity and time length are like this
Shmileshr for 10 minutes. Gbmile/hr for 10
minutes, bomileshr for 10 minutes on A
tread- mill.

Measurement takes were skin temperature,
rectal temperature, body weight loss, micro
climate, blood pressure, heart rate, sensation
of  comfort, thermal sensation, hurmdity
sensation and latgue sensation.

3. Results and Discussion

3.1 Mean skin temperature.

Mean skin  femperature In the general
environmental condition was 3171 ~32.27C
with the range of fluctuation of (0.06°T and
Mean  Skin  temperature  in the  rainy
environmental  condition 1y 31603232
with a gap of 0.72°¢C,

Skin temperature went up 11l the second
level of exercise and declined from the drd
level of exercize through the recovering
period. The ke m skin temperature In the
2nd level of exercise was because the
Increase in guantity of motion created a lot
of heat in the haman body as time went on.

The decline In skin temperature of the
Ird level of exercize appears @ be due to
the evaporation of sweat resulting in coolng
down and decline in the body temperature
as  the intensity of the exercise szlowed
dowr.

This decline occurs more clearly i the

raimy condition.

2.2 Rectal temperature,

Mean rectal temperatures according to the
conditions are shown m Filg. 3

Rectal
environmental condition was 383236467

temperature In the  general
with fluctuation range of 01407, The rectal
temperature in ramy conditions was 30,34~
36007 with the fluctuation range of 16T,

The difference bhetween the two condifions
was Q034T  and  smaller  increase  was
shiown in rainy condition,
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—4— Ceneral eraronmental condifion
—8— Rainy envronmental conditicn

Fig, 3, Rectal temperature,

3.3 Clothing Micro climate
Fig. 4
shows  temperatares  Inside  the  garment

Temperature nside the garment

according to the parts and the level of the
experiment.

Compared to the envirenmental conditions,
Inner femperature in ramny condifions was
20947, which 1s 1237 higher that of
general  conditions  and  the  range of
fluctuation In rainy conditions was  larger
than that of environmental conditions.

In general conditions the mer
temperature of the chest area was higher
than that of the back area by 1.54T and
the fluetuation range of the chest area wag
gger than that of the back area.

Fig. b. shows nner humidities according
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Micro climate({chest)
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Fig, 4, Temperature within clothing at chestiupper? and back{lower)

o the level of experiment. mner humidity
around the chest in general conditions went
down at the lst level of exercize, which [
believed o bhe because of the non-moving
air laver during the relaxation period started
o move as the exercise started and caused
convection current phenomena.

Compared to the environmental conditions,
average mner humidy in general conditions
was DLOB2RH and was 9.080%RH ingher
than that of rany conditions which was on
average A2THYWRM. The range of fluetwation in
general conditions was alse larger,

The mner humidity around the chest was
A29%RH gher than that of the Dback area
in general conditions, In rainy  conditions
that of the back area was lugher than that

of the chest area by [LOD%RI.

Micro climatelchest)

—

/

Humidity % RH)
caMNUesEE8a8

Hum idity % RH)
oo MEAEHSSASE

State Ex.1 Ex.2 Ex3  Reco.

—e— Ceneral envirorrmental condfion
—— RBainy environmental conciion

3.4 Blood pressure and Pulse rate

The change of blood pressure in each
level of experiment tends to be opposite of
the change of the inner temperature. Ths s
identical with the previous result that blood
mressure drops when surrounding  temperature
ncreases, Average blood pressure in general
comditions was  10033mmMe  and  was
102 36mmHMHg i rainy conditions.

The change of pulse rate according to
different environmental conditions are shown
in Fig. 6. Pulse rate is the measure which
evaluate  the intensity of the  exercise,
wearing  conditions, different  postures  and
effects of other elements. The increase in
pulse rate 1s in proportion to the intensity
of the exercize and the temperature of the

envirenment. This experiment also proved

Micro climatelback]

—*

State Ex.1 = B3 Reco.

—e— Ceneral environrental condton
—8— Bainy environental condition

Fig. 5. Humidity within clothing at chest{upper) and back{lower}
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Fig. 6. Pulge late

that pulse rate Inereases i proporton o
the amount of the exercise. Pulse rate was
88.0beats/mmn  in general  condions  and

&3.6heats/min m rainy conditions.

4. Conclusion

Mean skin temperature was low and had
a hig range of fluctuation n rainy

environmental conditions. Temperature
started fo mcrease at the beginning of the
exercise, reached the maximum at the Znd
level of the exercise and then started to
decline,

Rectal  temperature  showed a  slighter
increase and bigger range of fluctuation in
general conditions than in rainy conditions.

As for clothing micro clunate. the ranges
of fluctuation in temperature  and humidity
around chest were bigger than those around
hack i hoth condifions. Execept  inner
temperature m ramy conditions, femperature
and humidity  and their range of fluctuation
around back were higher than those around
chest. Humidity was high and had  wide
range of fluctuation w general conditions.

Body weight loss in general conditions
was higher by O.11ke.

Maximurn  blood  pressure Increased  In

proportion to the intensity of the exercise,

while minimum  blood  pressure  was not
greatlv. affected. The change 1 blood
pressure was the reverse of the change in
Inner femperature. Average blood pressure
in general conditions was 6.9mmilg higher.

Heart rate m general conditions  was
AAabeats min higher,

In the fest of subjective fest In rainy
conditions,  the feeling  of  discomfort
increased doe to the ramdrops fallen on the
akin, Unlike that In general conditions, cold
sensation nereased and humidity  sensation

reached the peak after the exercise,
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