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The Wearing Sensation of Men and Women in Sporis Wear

with Waterproof and Water Vapor Permeable Fabrics
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Abstract

The purpose of this study was to examine the performance and properties of sports wear that
have the excellent wearing sensation and are in harmony with the functions of human bodies.
With four kind(sample A, B, C, D) of materials which have different water vapor transmission,
the physiological responses of human bodies and the changes of subjective sensations were
studied through the actual aerobic sports program at 20T, 60%R.H.

The forehead temperature had the minimal variation among the local skin temperatures. The
fabrics of low water vapor transmission demonstrated high breast temperature.

There are significant differences among materials depending on the humidity in
clothes(especially back and breast), which was about 6 % for breast and about 14 % for back.

The order of loss in body weight was in the opposite direction to that of water vapor
transmission for each material.
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{Table 1) Characteristics of samples
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Parametors Samples A B c D Test method
Coating method dry wet wet wet
Fiber nylon 100%
Ground Yarn No.(D.) 70DX 70D KS K 0415
cabric f sszaé‘jﬁh) 159%104 | 156%104 | 156X 102 154 104 KS K 0511
Structure plain plain plain plain
Thickness (mm) 0.312 0.371 0.378 0.382 KS K 0506
Weight (g/m') 162.4 172.9 174.8 179.5 KS K 0514
WVTa) (g/m' - 24hr) 4950 3493 2550 1593 KS K 0594
Water Resistance (cm) 600 300 200 70 KS K 0591
MIUb) 0.189 0.168 0.179 0.205
Surface' MMDc) 0.049 0.051 0.070 0.078 KES-FB4
properties SMDd) 7.142 6.927 7.419 6.020
MMD/SMD 0.007 0.007 0.009 0.013 |
a) WVT : rate of water vapor transport b) MIU : Friction coefficient

¢) MMD : Mean deviation of MIU

d) SMD : Geometical roughness
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(Fig. 1) Schematic of Experimental clothing

(Table 2) Physical

characteristics of subjects

Subject Age(year) Height(cm) Weight(kg) Rohrer Body Surface
mean | S.D. mean SD. | mean | SD. Indexa) Areab) (m')
male (4) 20.50 0.57 172.90 2.34 63.27 3.01 1.22 1.77
female (8) 22.37 0.51 158.58 1.59 52.24 1.83 1.31 1.53

a) Rohrer Index = [ (WX1000) / H3 1 X 100
W = weight (kg), H = height (cm)

b) Body Surface Area = WMExHx 7246
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(Fig. 2) Exercising protocol.
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(Table 3) Scales of subjective sensations

Thermal sensation Humidity sensation Tactile sensation Comfort sensation
9 very hot
8 hot
7 warm 7 very humid
6 slightly warm 6 humid
5 neutral 5 a little humid 5 very bad 5 comfortable
4 slightly cool 4 neutral 4 bad 4 neutral
3 cool 3 a little dry 3 indifferent 3 slightly uncomfortable
2 cold 2 dry 2 good 2 uncomfortable
1 very cold 1 very dry 1 very good 1 very uncomfortable
(Table 4) Results of skin temperature during total experimental process - depending on
the gender of subjects
Gender male female
t value
Parts mean S.D. mean¥ S.D.
forehead 33.9210.77 33.25%1.01 2.526"
i breast 33.9410.60 32.99%0.99 4.102***
skin abdomen 31427 118 32391141 ~2.508"
temp. upperarm 34.01£0.95 31.98£0.84 7.540*"*
thigh 32.00x1.68 29.95+1.16 4922
lower leg 30.91£2.06 31.63£1.29 1.484
{* ¢+ p.05, ** ¢ pd0ol, MMt : pdloon)
(Table 5) Results of skin temperature during total experimental process - depending on
the exrerimental clothing
Samples A B C D F value
Parts mean< S.D. meantS.D. meant S.D. mean¥S.D.
forehead 33.21%1.27 33.70£0.82 33.52%£1.10 33.46%0.71 0.488
) breast 33.06%0.92 33.26%1.23 33.39£0.88 33.51£0.93 0.720
skin abdomen 3209+ 141 3185+ 175 32.24% 133 32.08%1.23 0.153
temp. forearm 32.39£1.26 32.50£1.58 32.6811.24 33.05%1.15 0.584
thigh 30.04%2.04 30.60%1.52 30.971.89 30.92+1.06 0.778
lower leg 31.89+1.86 31.63£1.63 30.80£1.67 31.23%1.16 1.058
m Aas 2 3 QoA qR#AC wet AAFHE Az
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(Table 6) Results of skin temperature at each experimental step - depending on the gender

of subjects
Parts Gender | step 1 |step 2 step 3 | step4 | step5 | step 6 | step 7 | step 8
m 34.31 34.33 34.30 33.76 34.09 33.55 34.04 33.29
f 33.37 33.02 33.00 33.27 33.79 33.62 33.53 33.05
forehead
t 3.480 4.237 3.632 1.440 0.004 -0.177 | 1318 0.586
Value EKE L2 2] EE LS
m 33.10 33.86 34.33 34.14 34.44 34.48 34.54 33.97
breast f 33.01 33.02 32.91 32.68 33.38 33.36 33.10 32.90
reas
t 0.271 2.396 3.410 4.258 3.059 2.842 3.469 2917
Value * Xk ok ¥ -k L] * ¥
m 31.54 31.10 31.53 31.13 31.69 31.30 31.52 31.78
f 32.86 32.83 32.68 32.06 31.90 31.79 31.83 32.44
abdomen
t -2.969 | -3.486 | -2.342 | -1.874 | -0.443 | -0.963 | -0.583 | -1.497
Skjn Value % EEE ] *
temp. m 33.47 34.14 34.90 34.37 34.51 34.28 34.28 33.61
f 32.39 31.80 31.52 32.00 32.62 31.94 31.57 31.66
upperarm
t 3.668 7.791 9.114 6.774 4.950 6.168 6.127 4.082
value *Ex EER EEE AE EZ 2] L2 R XX kW
m 31.68 32.01 32.63 31.83 31.82 32.36 32.24 32.18
thigh f 30.21 29.73 29.62 29.47 29.89 29.90 29.84 30.51
i
8 t 4.008 5.361 5.166 4.190 2.781 3.829 3.266 2.717
Value EE 2] kR LEE S *kE L] EL L] LR *%
m 30.02 30.58 30.87 31.00 31.29 31.74 31.69 3114
f 31.25 30.91 31.45 31.84 32.29 32.08 32.01 32.23
lower leg
t -2.624 | -0.672 | -0.960 | -1.412 | -1.546 | -0.553 | -0.520 | -1.899
value *
(* : p< .05, ** @ pd01, *** & pdo0l)
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{Tablte 7) Analysis according to the exrerimental clothing (a) case of male subjects

Steps
Parts Samples ] > 3 1 5 5 7 3
A 33.94 3370 | 3321 | 3281 33.35 33.10 33.73 32.63
B 34.14 34.24 | 3435 | 34.08 34.14 33.94 34.16 33.50
forehead C 34.67 34.80 | 3510 | 3432 34.66 34.13 34.43 33.65
D 3448 3459 | 34.56 | 33.82 34.20 33.04 33.84 33.39
F-value 1.403 0.892 | 1688 | 1172 1.898 0918 0.524 1.806
A 33.27 3387 | 34.27 | 3385 34.06 33.95 33.98 33.09
B 33.63 3454 | 3473 | 34.22 34.45 3427 34.44 33.77
breast C 32.69 3379 | 3485 | 34.81 34.76 34.88 34.91 34.39
D 32.80 33.23 | 3347 | 3370 34.50 34.83 34.82 33.97
F-value 1.022 0.964 | 0800 | 1.230 0.656 1.691 2.110 2.550
A 30.92 3042 | 3071 | 31.09 31.90 30.90 30.91 31.94
B 3255 32.21 | 3254 | 3152 31.63 31.64 31.39 31.68
abdomen | C 31.53 31.36 | 31.93 | 3L74 32.54 31.92 32.03 31.90
D 31.18 3043 | 3093 | 30.16 30.71 30.75 3177 31.60
skin F-value 0.802 1.085 | 1.365 | 1.676 1.168 0.271 0.166 0.034
temp. A 33.04 33.78 | 3443 | 33.97 34.08 34.05 34.34 33.21
B 33.69 34.17 | 35.01 | 34.56 34.63 3443 34.05 33.65
upperarm | C 33.55 34.13 | 34.70 | 34.21 34.37 34.04 34.07 33.59
D 33.62 34.49 3548 | 34.72 34.97 34.59 34.66 33.98
F-value 0.615 0.609 | 0.676 | 0.303 0.289 0.123 0.094 0.070
A 32.55 3170 | 3070 | 3069 b} 3103 31.21 30.31 30.82
B 31.33 31.86 | 3240 | 31.59 ab | 33.00 33.05 33.81 32.82
thigh C 31.44 3344 | 3537 | 3432 a| 3278 34.26 34.23 33.51
D 31.39 31.04 | 32.05 | 30.70 ab | 3048 3091 30.60 31.58
F-value 0.801 1322 | 3.005 | 2481 * | 0.804 2.064 2.104 1.045
A 30.59 3115 | 3123 | 3133 3213 3248 3251 31.94
B 30.74 31.73 | 32.06 | 3253 33.16 33.29 32.97 32.38
lower leg | C 29.00 29.48 | 29.82 | 29.83 29.61 30.49 30.44 29.72
D 29.76 2999 | 3036 | 30.30 30.24 30.71 30.83 30.50
F-value 0.619 1.038 | 0.647 } 0.935 1.986 1.719 1.294 1.434
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(b) case of female subjects
Steps
Parts Samples ] > 3 1 5 6 7 8
A 33.54 [32.98 |32.84 |32.94 33.59 33.44 33.52 33.04
B 33.36 | 33.18 | 33.00 | 3343 34.25 34.17 34.08 33.60
forehead C 33.05 | 32.71 | 32.98 | 33.49 33.72 33.31 33.35 32.79
D 33.55 | 33.22 |33.18 | 33.24 33.60 33.58 33.19 32.77
F-value | 0.429 |0.393 |0.115 | 0.462 0.566 0.557 0.572 0.464
A 32.63 |32.83 {32.68 |32.33 32.85 33.25 32.92 32.86
B 33.03 }32.79 | 3257 | 3239 33.52 33.30 32.67 32.64
breast C 33.12 {33.05 | 32.87 | 32.95 33.60 33.28 33.12 32.99
D 33.26 | 33.40 | 33.51 | 33.05 33.56 33.61 33.69 33.11
F-value |0.395 10425 |0.757 |0.743 0.587 0.092 0.567 0.182
A 33.39 | 33.07 | 32.82 | 32.26 32.15 31.91 32.07 32.61
B 32.27 | 32.11 | 31.87 | 3L19 3110 3119 31.25 31.98
abdomen C 32.96 | 33.07 | 3298 {32.21 32.02 31.78 31.87 32.50
D 32.82 | 33.09 | 33.05 |32.59 32.33 32.29 32.14 32.70
skin F-value |0.868 |0.705 | 0.768 | 0.878 0.893 1.684 1.313 0.834
temp. A 32.11 | 32.02 | 31.87 | 32.03 3241 31.63 3121 ab [ 3099 b
B 32.21 [31.34 ] 31.05 | 31.64 32.44 31.70 3085 b [31.21 ab
upperarm C 32.50 |{31.83 [ 3155 | 31.88 32.58 32.04 31.97 ab | 32.08 ab
D 32.73 | 32.01 | 31.63 | 32.44 33.04 32.42 3225 a {3238 a
F-value 0.537 | 0.668 } 0.564 | 0.676 0.427 0.822 2238 * |32B5 *
A 29.78 12935 {29.10 | 2860 b [29.04 b |29.03 b {2894 b |30.34 ab
B 30.20 | 29.63 | 29.56 | 29.22 ab [ 29.30 ab | 29.58 b |29.84 ab | 3049 ab
thigh C 30.33 129.85 |29.87 | 29.75 ab {3002 ab {2950 b {2924 b {2962 b
D 30.54 [30.10 |29.97 13030 b {3121 a [31.49 a {3136 a (3258 a
F-value |[0598 |0.644 0645 2371 * |2129 * 13108 * [2988 * |1716 *
A 31.52 | 31.38 | 32.06 | 32.25 2.7 32.70 32.51 32.68
B 31.09 |30.75 | 31.29 | 31.32 31.68 31.56 31.25 31.95
lower leg | C 30.87 | 30.55 | 31.10 | 31.82 32.08 3175 32.10 32.29
D 31.50 {3096 |31.3¢4 }31.99 32.68 32.31 32.20 31.99
F-value | 0.506 | 0552 | 0.447 | 0425 0.544 0.609 0.571 0.283
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