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This study was perf_ormed to investigate that wear training using thermal insulation with
clothes has the effect on the human thermoregulatory response, especially on the heét
tolerance. Twelve men and women in twenties were divided into the control group, the
training groups and each group except the control group had participated in wear training.
The heat tolerance was assessed in all subjects who had participated in the experiment carried
out in hot environment(40+17C, 50+5%RH) by such parameters as rectal temperature, skin
temperature, systolic blood pressure, diastolic blood pressure, pluse rate, total sweat volume,
local sweat volume, subjective sensation, and the differences of heat tolerance in each group
were compared. The results were as follows:

In hot environment(40°C) the changing width of rectal temperature was decreased in the
control and the heavy clothing group. Forehead and abdomen temperature in hot environment
were significantly decreased after the training.

Sweat rate was higher after the training than before. In all experimental groups, systolic
and diastolic blood pressures in hot envifonment(40"C) were significantly decreased after the

training.
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Table 1. Physical Characteristics of subjects

Sex Subject Age Height Weight Body
cm) (kg Surface Area
(m*)®
M HO 21 170 58 1.685
Control® M LE 23 173 56 1.681
F KI 24 161 53 1.559 -
M KY 21 177 57 1.722
LC group® M BA 23 165 59 1.730
F LY 24 150 49 1.433
M PA 23 160 61 1.648
CC group? F Ju 24 159 94 1.557
F JA 21 158 50 1.500
M P('_) 20 164 58 1.642
HC group¥ M CH 21 169 68 1.795
F YO 20 156 59 1.595

a) Control: Control group b) LC group: Light clothing group
c) CC group: Comfort clothing group d) HC group: Heavy clothing group

¢) Body Surface Area (m?) | A=W™%x H*#x 72 46"
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Table 2. Clothing v(rorn by HC group and LC group
Clothing type Weight(kg) C.R.(%)® Ia(clo)® H(clo)"
sweat shirt 0.070 32.8 0.21
underwear (upper) 0.671 47.1 0.33
high neck shirts 0.294 495 0.40
Tul sweater 0.503 39.0 0.42 2 06
ul .
jumper 1.182 39.0 0.68
underwear (lower) 0.164 38.7 0.28
Male trouser 0.671 38.7 0.48
socks 0.070 7.2 0.07 J
underwear (upper) 0.671 471 0.33
underwear (lower) 0.164 38.7 0.28
HC- Aug.® 2.96
¢ ue stocking 0.154 45.9 0.32
sports pants 0.475 38.7 0.40
sweat shirt 0.070 31.8 0.21
group underwear (thin, upper) 0.167 46.0 0.33
T-shirts 0.232 48 2 0.36
Jul high neck shirts 0.332 48.2 0.40
ul.
sweater 0.599 38.1 0.45 2.23
jumper 0.981 381 0.60
F underwear (thin, upper) 0.167 40 .4 0.30
a.
1 trouser 0.505 40.4 0.43
m
e socks 0.070 6.4 0.06
underwear (thick, upper) 0.173 46.0 0.33
vest 0.198 31.8 0.26
Aug. stocking 0.154 46.8 0.33 3.33
underwear (thick, lower) 0.172 40.4 0.30
SpoOTtS pants 0.475 40.4 0.41
sleeveless T-shirts 0.103 32.8 0.23
Mal 0.32
LC- ae short pants 0.071 8.1 0.07
group F 1 sleeveless T-shirts 0.103 31.8 0.22 0.32
m. .
cmale short pants 0.071 7.9 0.07

a) C.R.(%): Covering rate by clothes-obtained from H#I"’s formular

b) I : Thermal insulation of clothes-Icl{clo)= (0.386 X Weight (kg)) + (0.00571xC.R.)*"
c) Iy : Total thermal insulation of clothes-It(clo)=(0.676X1cle] £3})+0.117%"
d) More dressed clothes than those in July to make subjects hot
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Fig. 1. Changing width of rectal temperature of each group
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Fig. 5. Sweat rate of each group before, during and after training

o} EuFo] vid FFo] THEL HE FH =
F Z7)olle $ge] FolA wE A =39
Ft7loll£ kg EgE whgg vk LCoge A%
¥3o] Agd 5 LapEol dgoiyn v Al
=39 60 Fob el ASHeE g AY
£ vebdsh CCxge 7% 3% LEeo] okl
o7t EdFele 298 FRAFRS AHeee Ao
vebget. HCagol 7 ¥4 vish EaiF ¢

ol FA3 STt TAFolE TR vE
P 4For Fol govt 5% AR dojAl WitE
o W3} AL FolAn Ealf Ao)d ¥yclh F8
Fo A o e w29 271 30% FoF 34
Xt ughgo] A3k ol& 22} 7] Asell
719% Aez4 g 2§l H]vH oF 7o

X
2 A5 NAeo] FAALE FAF Folgr] vl ol
e B70) 229 2709 Ykl MY Aoz

—512 —



Vol. 19, No. 3, (1995)

Algdel =3 iaige] FAAN) FaF A3}

oz Wie] EARew AL A¥eel 43
< ¥ Aeg A74En o]+ Jonhson5®9] 7 e}
AAEGch B3 A At} (FRTR) & 9d
A 0ad Be HAo) A3 WA dolx|e Ao 7}
A EgHole Aol u)Z&e]® HC2H 7%
& 5g9 Fub deixteha & 4 qidch

4. @ 9

e 7ol 2290 E W) H3 "o A @
ohe ¥, FaiFaco F3F GeolshA wolzo
(p<0.05). zelvh Wapgol e EAAT} ol Ho
g Aol & wolx] okl [2” 6]ol4] ¢ 4 xR0l
23 947 A YL 42§ 2T Faide) Fan
uok Asaigeh o9t e AAe Wagner5e
s} AAslgleel Wagners Tt $jol 2-85gle
W] A5 go] o) Aol o JEPF f40
Yol Fojrhn sgich ol Qs Welgdlol
g o] Aetste] 1 A Eighy WusE A
A2k shdch w2 dTold Hwm "l

Blood pressure (mmHg)
140

L]
Sys. before

4 1R
130 Sys. after

1201 Dias. before
o

1101 Dias. after

1004

901

80+
70}
60+

50

40
Control 1c cCc HC

Fig. 6. Systolic blood pressure & diastolic blood pres-
sure of each group

121

HAWote] FAUF AT A AW g9l by
o] gaEgch ¥ 4+ U Wagner$™s M
NS o)g) $8ol ofs) Auae) AEEs} Ashact
7 slgent, ¥ dFeldE aid Age ds %
+ 93k ol 9 €49 wel Ug Aoletn
AR 5o 08 Heag Fagel v e
Fole Adol 2 Qe olAAe e S

5. == 42}

F3A 24 3 LdRs AHNPE Bz:E, CCx
%, HCagold Falavch £2% foiatA wold
TH(p<0.05). © #AL 4 1S HEREe 5
3 o9 $7e sl o AQ3n HHehA LRGeS
oeldh} LC2EL FARLY 3% LQps} A7
% 432 271E 2o} FAE W g 2H5A 7
W Aoz vegt 28Uz Ay 2 o, Wz
HC2§¢ A4ed s 59 473 ugold &
At TAE Se6 AW AL 2AT o, iy
o 9 AR £8olu} HeFale] xrl FYAEol
L7 Z23EQ wolE slaAY L vlHY A
o2 Agdch CC139 A% dzFo} HC2gq
2 9ol AuHoz FeisH WA gokout,
o] 259 FNYAEo] FURoE: ¥ 2FH 3o
% o 22 Aoz Jepdoh W LC2Ee
F4 720 F oS A9 Adel glglernz A
ol FHA 74 2Rl Aelol ois) 2 A
HLF R & 4 YAk FEVY A nE 2F
A FaAdol vla) FAF TE 447 £HE e}
W, &7o]l Wetolld DryZez &Azich oz
& A 2q YA 4l gl Eurslepe] FalAuc
Fe% MR We AT o, Wa2ze A A
£ 235e A ¥4 TR 1AL &
$7ko] U EhA B Aoz ehiel,

V. 20 % A=

€ AFe A% 22YE o4 e Faio] 4
+ 24 7% F 53 Hd4 A n)AE AE
stebslmxt 209 v 12998 WlaE, A & =
F AHA A 2§, FEA dE 2Fes
o] 2937 (24~261C) S FAF HEA S AEHE )

—513 —



122

w@ageh HEA BAHE A% AYL 40+1C, 50k
5%RHe| #Ac)H A=y A4 sy, @
o ), e 5l wakg, FuE 44e £33
o} o3 e AES Agich
1) AR E folshal ghgront e 874 x3
A EE 2geld FaE ekt (p<0.1). HE &
2EA ALY A5Fe] dEFat HC gl

£ oh!.
'S
X
rr
ol
010.—'|"
e
e
¥
id

ol o ot Jo

&
2
2

3) Ei-“r’Ml

9 a°

Z3 147F by Sgelwke gz
+ % 2

T
Jﬂ_*-l_ﬂr *}'—34—?- 3! /uL o
2 3

s, —‘Hﬂé ng]%eq 3%, o Bro) x2HY
35 8] kg go) CC2g 7 HCaF)A =7}
e A%E dsion SAH A% 4 % 4
otk =g ¢ Aol 58 zlA e 2 oloz Wl
T2 FalAe] »le) FEF FrhtAH(p<0.05),
2y HCog-9 7% E#Fo] Lihge] F7hsict
7h TR gl £31Ae oz Solzity,
4) wE B =) o dekd HA g2 mE

Fel st ekt (p<

5 72 Aol L9 A4 £AE B
FAF LCEE AT A aFold Felop
B % B A5 A1)

_,rE:,

ShobA (p<0.05) Fae]
A 27 Aoz vehe
gt F7b Ax CCgel ¥
2§39 9gd ARl ged,
Ao glo) Ae ALzd AA5F
= Fa}E ;gl.o]-&-l— = o1o—h—;j|. wi 2 Algal A
49 g 1299 Aden iAol A
6495 AARGE o dHg Haprt wgdg Aolet
I ARSI
o] o] Azl 7 Acle] e HAH L vFL
2 312 mtx el Aesd 7lee] AECE
APy A5 Py B34 ¥

[+
G4 A8 ARE Hee 28, 2249 222

¥l el & Al
o] 4rs] 7 ho] 4]
4] gkAlel) u]

- 12) Araki, T,

[ab e ik

) BNEF, HEWEREES, SULRER, EXR
(1985).
2) o>, HA, =eFFe] Fob e =lHx

gk g e 58k #), 13(1): 13-33, (1989)

3) Yamagishi, M., Inagaki, K., Changes in Garment

-

Style in Women's College Students-Comparison of
the Weight and Number of Clothes and Sensibility
to Climate-, Jpn. Text. End-Uses., 31(10): 471-480,
(1990).

Aopl, ©F U4 &9 84 Ae4
dFat 275, alAY g 0g

% FAoz-, 3
(1992).
5) B,

4

Lol

z ERERE
S 7tE] A, 15(4): 417-430,
(1991).

6) £, Ay, BePe] TH5A oAk A%
o] %ﬂ-ﬁ%;ﬁﬁh+v#AzL1ﬂn.kM,u%&.
7 SRS, AAR, Lrefelsd $EQUS ©)%)
9 e AR A% 7w ARal
o ebztel wlm, H&d FaedT, 7(1): 273

—288, (1982).

WA, gl 97, A4S Y EEBe) Aol
o AT %, FAgn AR 4R =
?_-(1991).

AR, FAY, VITLEY H93% R Aezd
ool gloldd ARE g A3 %
e

2 fr

_L,>lo

.

2.9

9
s

8

o

=]

9

_L

T

b
I'L?l-
r_IOJ
x

Tl -, 7(1): 289-294, (1982)

FEIFEXE, BEEF, Pl TR ER TR

DO FLIT MM AT L5 (B3R — R TR

EHEREL LI EEBOLMEICAL LD

Pe—, HEEE, 28(3): 33-39, (1987).

11) HAEHE, WEs, Mt 2 EBIMb &Rz L 5
FEBME, B 4G, 2201): 17-21, (1985).

Inoue, Y. and Umeno, K. Effects of
physical training on thermoregulatory responses to
alternate stress of heat and cold, /. Physical Fitness
Japan, 29: 75-81, (1980)

13) Fox, R. H. Goldsmith, R., Hampton, LF.G. and
Hunt, T.J., Heat acclimatization by controlled
hyperthermia in hot-dry and hot-wet climates, J.
Appl. Physiol., 22(1). 39-46, (1967).

10

=



Vol. 19, No. 3, (1995)

14) Gisolfi, C. and Robinson, 5., Relations between
physical training, acclimatization and heat toler-
ance, J. Appl. Physiol.,, 28: 530-534, (1969).

15) Armstrong, C.G. and Kenney, W.L., Effects of age

and acclimation on responses to passive heat expo-

sure, J. Appl. Physiol., T5(5): 2162-2167, (1993).

Barnett, A., Maughan, R.],

unacclimatized males to repeated weekly bouts of

exercise in the heat, Br-J-Sports-Med, 27(1): 39-44,

(1933). ’

Mitchell, D., Senay, L.C., Wyndham, C.H., Rensburg,

A1V, Rogers, G.G. and Strydom, N.B., Acclimati-

zation in a hot, humid environment: energy

16

=~

Response  of

17

~

exchange, body temperature, and sweating, /. App!l,
Physiol., 40(5): 768-778, (1976).
18) Roberts, M.F., Wenger, C.B., Stolwijk, J.A.J. and
Nadel, E.R.,Skin blood flow and sweating changes
following exercise training and neat acclimation, /.
Appl. Physiol., 43(1): 133-137, (1977).
Shvartz, E., Shapiro, Y., Magazanik, A., Meroz, A.,
Birnfeld, H., Mechtinger, A. and Shivolet, S., Heat
acclimation, physical fitness and responses to

19

~

exercise in temperate and hot environments, /.
Appl. Physiol., 43(4): 678-683, (1977). .
AES, A4, HEe Aqnedd sa 4T,
29248}, 92): 57-65, (1985).

20

-~

123

21) Mccullough, E.A., Jones, B.W. Huck, J, A
comprehensive data base for estimating clothing
insulation, ASHRAE Transaction, 91, part 2A: 29-47,
(1985).

22) Winakor, G., A questionhaire and sensory factors
associated with personal comfort and acceptability
of indoor environments, ASHRAE Transaction, 88,
part2, (1982).

23) WHMERL, EE-FERLIC BT BE-, BWE
HARBR R &kt, (1973).

24) Wagner, J.A., Robinson, 5., Tzankoff, S.F. and
Marono, R.F., Heat tolerance and acclimatization
to work in the heat in relation to age, /. Appl
Physiol., 33(5). 616-622, (1972).

25) Avellini, B.A., Kamon, E. and Krajewski, J.T,
Physiological responses of physically fit men and
women to acclimation to humid heat, J. Appl. Phy
siol., 49(2): 254-261, (1980).

26) AR, o, Mg, (1963).

27) A5}, Tk, o32zo] THLFAY W4
slal= o] AT 2 AT, A+d AT,
7(1): 263-271, (1982)

28) Johnson, J.M., O’'leary, D.S., Taylor, W.F. and Park,
M., Reflex regulation of sweat rate by skin by
-temperature in exercising humans, J. Appl. Physiol,
56(5): 1283-1288, (1988).

— 515 —



