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Abstract

The physiological significances of the upper and lower body on thermoregulation and
sensation were studied in this paper.

Experiments were carried out on 4 females in a climatic chamber conditioned at 1) 25C —
35T — 257, 2) 25C — 15C — 257, both with 50% R.H., covering the upper body (U) or lower
body (L) with garments.

1. When the upper or lower body is covered or exposured respectively, the mean skin
tempterature of upper body is higher than that of lower body. And upper body is more easily
influenced by the environmental temperature than lower body. It means the skin temperatures
of the upper body change faster than those of the lower body following the environmental
changes.

2. In U and L, the skin temperatures of the upper limbs (thighs, upper arms) are lower than
those of the peripherals (hands, feet).

3. Warm sensations and skin temperatures of the upper body showed high correlation and it
was the case with cold sensations and skin temperatures of the lower body.

4. In high temperature condition (25°C — 35°C — 25C), mean skin temperature and rectal
temperature in L were lower than in U. This lower rectal temperature in L is probably due to
the insulation of the lower body with garments that promotes the heat radiation only in the high

temperature environment,
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Table 1. Physical Characteristics of Subjects

N, Age Height Weight BSA
Subject (year) (cm) (kg) (m?
A 21 153 46.2 1.41
B 20 156 H2.8 1.50
C 19 165 63.0 1.70
D 19 156 50.2 1.49

*BSA (Body Surface Area)= Height""® x Weight"**x
72.46
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Fig. 1. Covered part of the body in each experiments.
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Table 2. Physical Properties of Clothings.

b}}])ySical ; ] ) Density ‘ T - Tv
P piber cone (MRS weigh | Thickness | perneaniity | MO | esltance
i H Q,
Clothin l tent (%) Wale |Course (g/m’) (mm) (cm?/sec/cm?)] T€&3N (%) (%)
N i - 1 R - - _},__.,__‘__g
Upper & P72 o | o ) f ” X |
Lower cloth- C: 98 58.7 80.3 261.7 l 0.764 80 1.67 ’ 26.2
mng ) # i
- i R B .
Overall | D:67 759 | 954 183.7 0.488 114 1.85 | 21.2
clothing C:33 | N
— —= _ e B
n}@fﬁggg KS K 0210 | KS K 0512 KS K 0514 | KS K 0506 i KS K 0570 | KS K 0220 | KS K 0560

Table 8. Clothing Ensembles in Each Experiments.

= e e 1
\ . Total weight of | Estimated thermal resistance
Under wear ! Garments Garments (g) of garments (clo)*

8] Panty, Brassiere Upper clothing, Gloves l 35 ¢ 0.970 clo
L Panty, Brassiere Lower clothing, Socks i 369 g 0.995 clo
W Panty, Brassiere | Qver-all clothing 10g I 1.037 clo

Gloves, Socks ‘
S S

—
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Table 4. Scales of Subjective Sensations.

AR i

T.=0.103 Theaa+0.162 Tenest+0.077 Tasdomen
+0.079 Toack+0.084 Tupperarmt 0.058 Trorearm
+0.048 Thana+0.197 Tingnt0.128 Tieq
+0.064 Tiont

ALA) (U) ) ShA $0 (L) 4] P IR0 u) 2 1
o10] AbZwpbidol] whe} 7hzt 51.58%9) 55.04% 241 S}l
3% Aol epa 27 vhebsleh,

Age o 1049 2.5 24 A Azkol Azt
onl, 4] SYPA} F SR WS 37 (1 B,
Ae D)ol Al Al EFe) WA (LR, T

sag) o 2 284 P EE 2 E3e] 5 483)
448
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72} T-tests} Ao-& F-38fod
Thermal sensation Comfort sensation WL ol wh e A2 24 vkS ) 7} 74ule8 u| A sked
7 very hot c}
6 hot
5 warm 5 very uncomfortable
4 not both 4 uncomfortable i
3 cool 3 slightly uncomfortable I, d= 8 o
2 cold 2 neutral
1 very cold 1 comfortable (257C — 35°C »25°C) = = 2(25C — 15C —
Table 5. Weighted skin temp. in covered part & uncovered part of body.
C U L
A B Tcusk Tuclsk Tucusk Tclsk
25 17.16 12.08 13.78 15.10
HT 35 17.61 12.63 14.55 15.54
25 17.46 12.41 14.20 15.38
25 17.08 12.06 13.85 15.13
LT 15 16.34 10.99 12.64 14.25
25 16.50 11.23 13.01 14.41
A : Environment B : Temp. C: Covering Type

Teusw - Skin Temp. of covered upper body (i
Tuask : Skin Temp. of uncovered lower body
Tucusk © Skin Temp. of uncovered upper body
Teusi © Skin Temp. of covered lower body

: covered part)
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Fig. 3. Mean skin temperature by covering types in two environmental conditions.
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Table 6. Skin temperature by covering types in two environmental C(mditiom

N AHUR @

9 “7 I 1o
35.21 34.61 %4 %6 ?4 18 33.45 | 32.52 ) %2,23 32.23 '%1 ‘> 30.34
ab | c¢h fo | ba ua th ' e
.94 35.60 | 35.50 0 35.50 | 34.64 | 34.13 | 33.48 | 33.13 | 32.48 ‘ 31
ab | ha | ¢h | fa fo ud ; ba ( th ! le
35.54 35.09 } 34.79 ‘ 34.63 J 34.28 | 33.53 ' 33.15 i 32,99 ; 31.88 | 31.11
ab ch he ha fa fo wa  ba
; 5038 B 33.09 | 32,98 © 32.53 | 32.45 | 32.21 ‘ 31. 94
‘} r he ab fo ha le ch ba ’ fa
0T L 35 35.88 | 34.55 | 34.49 | 34.25 3381 33.65 | 3321 33.16 | 33.10 @ 32.35
he ab J ch fa fo ba th le | wua
34.61 34.38 0 33.48 | 33.43 | 33.39 | 33.24 ‘ 32.83 1 32,79 | 32.56 l 31.33
he ab ‘ ha fo ch L ba le J fa th L ua
34 69 34. 467 34.15 ’;4 11 } 33.64 1 33.43 T 3245 ‘ 32. 3() F32.05 ) 31.59
! ha fo fa \ ba le ! ua ( th
35.96 35. 3? ] 35.40 ‘ 155.15 34.81 34.63 | 33.41 : 33.34 1 32.96 ‘ 32.85
he ‘ fa fo et ba ‘ th le
35.23 J 34.83 34.66 34.48 34.36 E 34.29 ' 33,14 i 32.95 32.46 32.2()
ab P ha fo { fa ba ! ua le
R . T T o T T
34.89 34.36 ‘ %% 83 33.36 | 32.31 32,14 1 32,08 30. >b
J ab \ he ha } fa fo uad } ba 1
34.40 56 32.28 | 31.20 | 31.08 | 30.51 & 30.20 28,95 | 28,44 ( 27.66
ab ‘ ch L he fa ha | ba ( ua fo th | le
j J 25 . 34.43 13417 | 3411 31.44 ; 31.40 ‘ 30.67 | 30.57 | 29.23 1 28.80 ' 28.37
‘ ‘1’ | ab he ch g fa ha ba ua th fo ‘ le
‘ 25 34.44 | 33.41 33. %F 1 ’% 13 | 32, 66 32.41 32, 3” ; 32,11 0 32,04 30.28
1 f he | fo ( ab ha ch | ba ‘ le  fa th ua
LT '+ L 15 32.34 ‘ 31.53 | 30.96 | 30.86 | 30.65 ; 30.06 | 29.95 | 29.30 | 28.89 | 26.75
‘ [ ‘ he ab ba fo  le r ch th ha fa ua
25 34.21 32.18 31.28 31.21 } 30.98 30.58 30.51 29.35 29.23 27.94
| he ab ch ba le fo th ha‘l fa ua
% —_— R S S
25 34.93 TM.SO 34.48 | 34.05 | 33.75 | 33.35 } 3’ 49 32.26 | 31.93 | 31.59
i I } ab ¢ he ch ha fo + fa | ba ’ le ua th
‘ ‘ 15 34.30 33.69 | 32.44 31.71 ‘ 31.64 | 31.50 [ 31.11 | 30.73 1 30,00 | 29.59
‘ ab | ch f he | ha fa fo ‘ ba le [ oua th
L5 34.58 J 3414 D 34013 3160 J 31.58 31.39 31.09 30.91 ‘ 30.38 ‘ 30.16
B N T O U O B O
A Environment B : Covering Type C: Temp. D Sequence
he : head ch : chest ab ! abdomen ba @ back ua . upper arm fa . forearm ha . hand
th : thigh le : leg fo © foot
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Table 7. Thermal sensation and correlation coefficient between thermal sensation & skin temp.
Changing course (25C — 35°C) Recovery course (35C — 25C)
(25°C —-15C) (15C — 25C)
A Thermal sensation %32??};22? Thermal sensation Eggg?}gg?
U 5.25 0 57 j 4.63 0.43
HT L 5.05 0.73 : 4.52 0.68
W 5.22 0.68 1 4.66 0.44
U 2.67 0.71 ‘ 3.21 0.65
LT L 2.35 0.71 3.01 0.50
W 2.78 0.72 3.41 0.51

A | Environment B ! Covering Type
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Table 8. Results of measurement by covering types in two environmental conditions
B HT I LT
S L U L W

Tee 37.04° 36.97% 36.96% 37.01° 37.05% 37.08>

T 33.43° 33.18* 33.68° 31.44° 31.08° 32.12°

CT 32.77° 31.65° 31.39° 30.03° 29.38° 29.07°

CH 43.18* 46.84° 49.40° 36.92%° 39.58° 36.93%

ST 4,63 4.44*° 4.70° 3.22¢ 3.00% 3.35¢

SC 2.07% 1.96* 2.16° 1.92 1.92 1.82

Duncan Multiple Range Test (P<0.01)

A Covering Type B ! Environment

T:e : Rectal Temp. T . Mean skin Temp. CT : Temp. inside clothing

ST : Thermal sensation SC : Comfort sensation

CH : Humidity inside clothing
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