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The Effect of Shoe Materials and the Ratio of Moisture
Content between Shoe and Skin on Wear Comfort

Michiko Mitsui, Kazue Yoshida and Hiroshi Okamura

The effect of shoe materials and moisture content on wear comfort while walking and resting has been

studied by the experiment using natural and artificial leather shoe. Temperature and absolute humidity

between the first and the second toe were the highest. Temperature and absolute humidity between the

first and the second toe, and those on the skin surface at the arch of the foot had a significant difference.

The significant difference was found in those between the first and th second toe, and those on the

stocking at the arch of the foot. In the case of wearing leather and artificial leather shoe, temperature,

absolute humidity, thermal sensation, sense of sweating, sense of soaking and discomfort sensation, these

four kinds of subjective sensations were about the same. There was high connection between those

subjective sensations and the moisture content between the first and the second toe. Wearing propaties of

natural and artificial leather shoe were about the same under medium temperature and absolute humidity.
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Fig.2 Location at which the temperature humidity sensor was set

A between the first and the second toe
B on the skin surface at the arch of the foot

C on the stocking at the arch of the foot
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Table 1 Physical properties of shoe material

Shoe group L A
Part upper lining combined upper lining combined

sheet sheet
Material kip upper pig lining artificial nonwoven

leather leather leather fabric
Thickness {(mm) ¥ 1 1.2 0.5 1.7 1.1 0.7 1.8
Weight (g/m?2) ¥! 794 288 1095 467 188 701
Elongation (%) ¥! 52.5 53.3 49.1 100.0 56.7 64.2
Water absorption(s)*! 124 174 25 170 284 122
Moisture absorption ¥2 3.9 1.7 6.0 0.6 0.3 1.0
(mg/cm2)

Moisture transmission %3 9.0 3.5 2.2 3.2 22.6 1.3

(mg/cm2/hr)

X1 1318 K 6550

X2 . JIS K 6544

*3 .JI8 K 6549

Table 2 Physical characteristics of the subjects
Foot
Subject Age Height Weight Length Circumference

{yrs) (cm) (kg) (cm) (cm)
A 20 158.0 46.0 22.3 20.4
B 19 156.0 48.0 23.4 22.0
Cc 18 153.0 50.0 22.9 22.0
D 19 160.2 57.0 24.5 22.5
E 19 154.5 52.0 22.4 21.4
F 20 165.0 57.0 23.0 23.0
G 19 151.0 38.0 21.2 20.3
H 20 157.0 55.0 23.7 21.9
X 19.3 156.8 50.4 22.9 21.7
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Fig.3 Pulse rate during the experimennt

® Leather 0 Artificial leather

Table 3 Subjective sensation rating chart

Rating Thermal sensation Sense of sweating Sense of soaking Discomfort sensation
4 Very hot
3 Hot Much Wet Intolerable
2 Warm Moderate Slightly wet Uncomfortable
1 Slightly warm A little Damp Slightly uncomfortable
[¢] Neutral Not at all Dry Comfortable
-1 Slightly cool
-2 Cool
-3 Cold
-4 Very cold
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Fig.4 Oral temperature during the experimennt
® leather D Artificial leather
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Fig.5 Microclimate temperatures between shoe and skin
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Fig.6 Absolute humidities between shoe and skin
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Fig.8 Sense of sweating during the experimennt
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Fig.9 Sense of soaking during the experimennt
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Table 4 Relationship between subjective sensation and temperature or
absolute humidity
Leather Artificial leather
Temperature hbsolute Temperature Absolute
humidity humidity
(0~120min) (0~120min) (0~120min) (0~120min)
0~36min  39~120min = 0~36min  39~120min 0~36min  39~120min 0~36min  39~120min
Thermal (0.52) (0.55) (0.52) (0.50)
sensation 0.69 0.89 0.73 0.90 0.66 0.96 0.67 0.96
Sense of (0.44) (0.47) (0.42) (0.41)
sweating 0.60 0.85 0.65 0.87 0.62 0.75 0.63 0.75
Sense of (0.49) (0.51) (0.63) (0.62)
soaking 0.61 0.85 0.66 0.86 0.76 0.89 0.77 0.88
Discomfort (0.37) (0.43) (0.36) (0.36)
sensation 0.63 0.41 0.68 0.47 0.56 0.47 0.58 0.50
Table 5 Relationship between subjective
sensation and relative humidity
Leather Artificial
leather
Thermal sensation 0.63 0.03
Sense of sweating 0 66 0.16
Sense of soaking 0.62 0.31
Discomfort sensation 0.72 0.24
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The ratio of moisture content

Leather Artificial
leather
Location A 1 0.97
Location A+B 1 0.98
Location A+B+C 1 0.98

Location is in Fig.2

Table 7 The ratio of moisture content between
the first toe and the second toe
ratio of moisture content
Type of Covering
shoe ratio Leather Artificial
leather
Pump 0.78 1.00 0.97
Oxford 1.00 1.13 1.08
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