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Design Requirements by Evaluating Comfort while Wearing Korean Naval

Duty Uniforms for Summer and Winter
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ABSTRACT

The purpose of the present study was to suggest the design requirements for Korean naval
duty uniforms by evaluating the physiological and psychological comfort while wearing the
uniforms. Two sets of wear trials were conducted with summer uniforms(eight young males) and
winter uniforms(seven other young males). The summer wear trial consisted of 10-min rest, 60—min
exercise, and 10—min recovery at an air temperature(7;;) of 33°C and 62%RH, followed by 10-min
recovery at a 7y of 23°C and 64%RH(total 90 min). The winter wear trial consisted of 20~min
rest at 7y, 20°C and 55%RH, 25—min rest, 30—min exercise, and 35—min recovery at a 7y, of
0°C and 43%RH(total 110 min). Rectal and seven skin temperatures, clothing microclimate, heart
rate, oxygen consumption, total sweat rate, and subjective perceptions were measured during
the wear trials. By evaluating the experimental results from the wear trials, we extracted the
following psycho—physiological design requirements to improve the current Korean naval uniforms:
(1) It is important to maintain the skin temperatures within their comfort range, which depends
on the body region (higher than 30°C in winter, but less than 35°C in summer). (2) In summer,
the feet should be protected from the high heat of the ship floor surface. (3) In summer, sweat
from the back should be sufficiently absorbed and allowed to dry quickly.

Key words: naval duty uniforms, thermal comfort, design requirements, thermal stress, body
temperature
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Table 1. Properties of textiles of Korean navy
uniforms for summer

. Test
Shirts Trouser methods
Weaving type Plain  2/1 Twill -
. Wool/  Rayon/ KS K
Composite(%) Polyester  Polyester 0210
50/50 30/70
Density KS K
fi 12 2
(yarn/5 cm) Weit 0 60 0511
Density KS K
1 11
(yarn/5 c¢m) Wrap 00 0 0511
KS K
. 2
Weight(g/m?) 120 160 0514
. KS K
Tensile(N)  Weft 400 880 0520
. KS K
TensileN)  Wrap 360 400 0520

% undershorts: cotton/polyester 80%/20%, sleeveless
undershirt and socks: cotton 100%
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Table 2. Properties of the textiles of Korean
navy uniforms for winter

. Test
Shirts Trouser methods
Weaving type Plain 2/1 Twill -
- Wool/ Rayon/ KS K
Composite(%) Polyester  Polyester 0210
60/40 55/42/3
Density KS K
Weft 12 2
(yarn/5cm) et 0 60 0511
Density KS K
1 11
(yarn/sem) Vrap 100 0 0511
KS K
. 2
Weight(g/m?) 120 160 0520
. KS K
Tensile(N)  Weft 400 880 0514
. KS K
Tensile(N)  Wrap 360 400 0514

X coat outer fabric: wool/acrylic 80/20%, coat lining:
polyester 100%, undershorts and underwear: cotton/
polyester 80%/20%, socks: cotton 100%, gloves:
outer fabric—leather, lining—superfine fiber
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Fig. 1.

Time courses of rectal temperature (A) and mean skin temperatures (B) while wearing summer
and winter naval uniforms(a, b, & ¢ represent the statistical differences among the phases by
Duncan’s post-hoc test; Rcv refers to Recovery; the subjects in the winter and summer trials

were not the same individuals).
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Table 3. Skin temperatures while wearing summer and winter naval uniforms

Unit: °C
Summer uniform (N=8) Winter uniform (N=7)
33°C, 62%RH 23°C, 64%RH 20°C, 55%RH 0°C, 43%RH
Rest Exercise Recovery ~ Recovery Rest Rest Exercise Recovery

Fore—head 357 + 0.4* 36.1 + 0.3* 359 + 0.4 349 +

Chest 341 + 08" 348 + 0.7 348 + 0.9 334 *
Back 352 £ 0.6 355 + 0.5 351 + 0.6* 336 +
Abdomen 339 + 1.2* 349 £ 0.8° 352 + 1.0° 349 +
Forearm 346 + 04* 350 % 04° 349 + 0.3* 338 +
Hand 346 + 0.7° 347 £ 0.5° 351 + 04* 338 %
Thigh 342 + 04° 351 + 0.7 352 + 1.0° 33.7 %
Calf 340 + 05" 350 £ 0.7 351 = 0.9* 33.7
Foot 338 + 1.4° 363 + 1.6 363 + 1.1* 358 +

0.5 337 + 1.6 293 + 1.0° 200 = 1.1° 288 + 0.5°
0.9 340 + 0.7 325 + 1.1* 314 + 1.4 313 + 1.0°
0.9° 336 + 1.2* 332 & 1.2 323 = 1.6° 321 + L.7°
10° 347 £ 0.6 326 = 1.0° 324 + 1.1° 323 + 0.9°
0.3 326 + 1.4* 297 + 2.3 291 £ 0.7* 276 + 1.2
1.0° 303 + 29* 260 + 1.9° 215 + 1.4 168 + 1.5¢
0.6° 311 + 1.0° 273 + 1.3° 240 = 1.2° 251 + 2.5
13 311 + 1.0 275 £ 1.1 287 + 1.2> 271 + L.I°
1.6 209 + 1.4* 259 + 13° 256 + 2.5° 232 + 2.7

I+
I+
I+

+
+
+
+

-+
+
-+
+

-+
-+
-+
-+

+
+
+
+

-+
-+
-+
-+

H+
H+
H+
H

I+
I+
I+

Mean + SD; a, b, ab, bc, ¢ & d refer significance different

groups by Duncan’s post hoc’s test.
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Qe zAs=Y %93 dske Z=agsitHMaddock T BT spPdakalent EHEM Hlal 5 Felel FEe
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[6)
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Table 4. Clothing microclimate temperature and humidity on the back and thighs while wearing

summer and winter naval uniforms

Body parts Summer uniform (N=8) Winter uniform (N=7)

(B: the 33°C, 62%RH 23°C, 64%RH 20°C, 55%RH 0°C, 43%RH

back;

T: the Rest Exercise Recovery Recovery Rest Rest Exercise Recovery

thighs)

. TCC) 34.0 + 0.8° 345 + 0.9° 344 + 07 319 £ 1.0° 334 £ 08 30.1 £ 1.4°30.7 + 1.1"30.3 + 1.5°
%RH 75 +8 ®88 +9 28 + 1120 8+ 9 ®4 +24°15 +5%°11 +£5°9 +1°

T TCC) 33.4 + 0.9°33.6 + 04°339 + 06 324 + 11" 315+ 09270 + 1.9°229 + 1.7°257 + 2.5
%RH 71 +9 "84 +4°8 + 7° 69+13°33 +5*9 +2"8 +1°8 +1°

‘T" and ‘RH’ represent temperature and relative humidity, respectively;

different groups by Duncan’s post hoc’s test.

Mean * SD; a, b, ab & c refer significance
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Rate of sweat absorption while wearing
Korean naval uniforms for summer at an
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of 50%RH(mean + SD).
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Fig. 3. Infrared thermal images of one subject’s face while wearing Korean naval uniforms for winter in
a comfortable environment(air temperature of 19.9 +

6%RH) and cold environment



430 SIRXIIALEIMETISIEIX| H27H 35 2016

j — 22.1°C
1.
j — 22.1°C
1.

—22.1°C

Rest at 73 20°C 5 min at 7y 0°C

—22.1°C

55 min at 7y 0°C 90 min at 7 0°C

Fig. 4. Infrared thermal images of one subject’'s hands while wearing Korean naval uniforms for
winter in a comfortable environment(air temperature of 19.9 + 0.9°C with 55 + 6%RH) and
cold environment(air temperature of 0.0 £ 0.3°C with 43 + 3%RH).
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