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Thermophysiological Responses and Subjective Sensations when Wearing Clothing with
Quickly Water-Absorbent and Dry Properties Under Exercise-Induced Heat Strain

So-Jin Lee and Shin-Jung Park
Dept. of Fashion Design, Sungkyunkwan University, Seoul, Korea

Abstract : The purpose of this study was to compare the thermophysiological responses and subjective sensations of
clothing materials with different water transfer property investigated in exercising and resting subjects at an ambient tem-
perature of 20°C and a relative humidity of 40%. Two kinds of clothing ensemble were tested: 100% cotton with highly
water-absorbent but slowly dry properties(C) and 100% polyester with quickly water-absorbent and dry properties by four
capillary channels(QADP). Seven apparently healthy male participants each undertook two series of experiments com-
prised 10-min of rest, 20-min of exercise with 70% of VOy. on a treadmill and 20-min of recovery. Mean skin tem-
perature was significantly lower in QADP than in C during exercise and recovery. Clothing microclimate temperature was
significantly lower in QADP during exercise and clothing surface temperature was also lower in QADP especially during
recovery. Also, clothing surface humidity was significantly higher in QADP after the later half of exercise. The con-
centration of blood lactic acid tended to decrease to a lower level at recovery 3 minutes when wearing QADP rather than
C clothing ensemble. Metabolic energy was marginally significantly less during the second half of exercise in QADP. Body
mass loss tended to be greater in C than in QADP. The participants had better scores in thermal sensation, comfortable
sensation and wetness in QADP during exercise and recovery. These results show that functional materials with quickly
water-absorbent and dry properties can alleviate heat strain and induce more comfortable clothing microclimates and sub-
jective sensations in the exercise-induced hyperthermia.
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Cable, 2000; Chung - Cho, 2004; A3} 2], 2005).
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Table 1. Physical properties of experimental clothing materials
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Fiber contents

Fiber cross section

Yarn count

Fabric construction

Thickness (mm)
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Air permeability (cm’-cm?-sec’)
Moisture regain (%) at 20°C, 65% RH
Water vapor transfer (gm'z'h")
Wickability (%)
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Thermal conductivity (W-m?-°C™)

cotton 100%
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Table 2. Scales of subjective sensation

Thermal sensation ~Comfort sensation Wetness sensation

1 cold 1 very comfortable 1 dry

2 cool 2 comfortable 2 sweat onset
3 slightly cool 3 slightly uncomfortable 3 damp

4 neutral 4 uncomfortable 4 wet

5 slightly warm 5 very uncomfortable 5 soaking wet

6 warm 6 unbearable

7 hot
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Fig. 1. Temporal changes of rectal temperature(a) and mean body
temperature(b) in the two kinds of clothing. Thick line, C; Thin line,
QADP.
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Fig. 2. Temporal changes of mean skin temperature and local skin temperatures at chest, upperarm, thigh, leg and foot in the two kinds of clothing.
** * and + indicate that the corresponding values differed significantly at 1%, 5% and 10% levels, respectively when the clothing and time interaction
was significantly different.
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Fig, 4. A comparison of clothing microclimate humidity(a) and clothing
surface humidity(b) between C(thick line) and QADP(thin line).
Statistical significance indicated as in Fig. 2.
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Fig. 7. A comparison of thermal sensation(a), comfort sensation(b) and
wetness sensation(c) between the two kinds of clothing. Black bar, C;
Grey bar, QADP. **p<0.01, *p<0.05.
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