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Physiological Responses of Cold Protective Clothing with Different clo Value
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Abstract: The purpose of this study was to investigate physiological responses such as rectal temperature, skin tem-
perature, micro climate, sweat rate and subjective sensations using cold protective clothing with five different clo value.
The clo value was measured by thermal manikin in windless condition. Healthy five 20's males volunteered as subjects
for wearing trial experiment. The climate chamber was controlled at 5°C, 65% RH. The experiment consisted of repeated
exercise and recovery periods. We found that the higher clo value has, the higher mean skin temperature, micro climate
and sweat rate show. They felt warm and wet with higher insulation clothing. Thermal comfort increased in the last recov-
ery period after exercise. There was significant difference between five cold protective clothing. In correlation analysis
of clo value, it showed that correlation coefficient(r) values were more than 0.8. Therefore, in terms of clothing insulation,
we found that correlation between thermal manikin experiment and wearing trial experiment was high.

Clothing insulation could be variable according to many factors such as body movement, covering area, clothing gap, lay-
ering and design. Considering the body movement, we thought that insulation measurement need to carry out both ther-

mal manikin experiment and wearing trial experiment.

Key words : physiological responses, cold protective clothing, clo value, subjective sensations, thermal manikin
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Table 1. Experimentd garment characteristics.

K1 K2 K3 K4 K5
wind insulation(clo) 2133 1.530 1.025 0.793 0.555
windless insulation(clo) 3.359 2.064 1.503 1.167 0.924
garment weight(kg) 1.500 0.686 0.423 0.889 0.777
textile weight(g/m?) 6.667 2.556 1972 2.757 2.866
garment thickness(mm) 73.0 420 15.0 0.826 0.88
water vapor resistance(m’ - Pal\W) 46.024 19.387 110991 22,091 11.606
textile insulation(clo) 1.651 2.030 2162 1.889 0.638
ar permesbility(cm/cm®min) 14.496 18.816 19.836 16.296 19.128
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Table 2. The scale of subjective sensation.

scae Tempgrature Wetness sensation Thermal comfort
sensation

4 very hot very uncomfortable

3 hot very wet uncomfortable

dightl

2 warm wet un?;oni;ortable
dightly warm dightly wet comfortable
neutral neutral

-1 dightly cool dightly dry

-2 coal dry

-3 cold very dry

-4 very cold
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Fig. 2. Rectal temperature in five different Clo vaue clothing
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Fig. 3. Mean skin temperature in five different Clo vaue clothing
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Fig. 4. Temperature of micro climate at chest and back
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Fig. 5. Humidity of micro climate a chest and back
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Table 3. Correlation analysis of skin temperature and clo vaue, subjective sensation and clo vaue (r vaue: correlation coefficient)

r vaue Skin temperature Temperature sensation Wethess sensation Therma comfort
Rest 0.8749 0.8637 0.5101 -0.4933
Exercise 1 0.9499 0.8590 0.7600 0.0945
Recovery 1 0.9398 0.8311 0.7328 -0.1451
Exercise 2 0.9505 0.9897 0.8223 0.8347
Recovery 2 0.9156 0.9144 0.9620 0.9267
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