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Abstract

Recently, the effects of the heat island effect and global warming have
grown, not only in Japan but also in monsoon climates in East Asia and

Southeast Asia. High temperatures and humidity have affected our
clothing, living and food environments. It is important to clarify their effects

and interaction with the environment, material properties and responses of
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the human body. However, basic quantitative research combining physical
tests and experiments involving human testing is not sufficient.

The purpose of this study was to clarify the effect of macro environments
and microclimate clothing on people, and heat and water transport properties
of material on microclimate clothing by wearing tests and physical tests.

This thesis consists of the following six chapters:

Chapter 1. Introduction.

The purpose and background literature for this study are described.

Chapter 2. Effects of Humidity Conditions of a High-Temperature

Environment on the Physiological and Psychological Responses of the Human

Body
In order to clarify the effects of ambient air temperature and humidity on 5

items physiological responses and 3 psychological responses of the human
body, 6 young female subjects wearing only shorts and brassiers were exposed
to 9 conditions with air temperatures of 28°C, 31°Cand 34°C, and 30%, 60%
and 90% relative humidity for 60-minutes. The results of the analysis of
variance are summarized as follows:

1) Mean skin temperature, sweat rate, skin moisture, thermal, humid and
uncomfortable sensations significantly increased with an increase in air
temperature and humidity.

2) Body weight loss and heart rate were significantly affected by air
temperature but not by humidity.

3) Skin moisture showed a high correlation coefficient with each ineffective
sweat rate which was estimated from the difference between the total sweat
rate and body weight loss, thermal, humid and an uncomfortable sensation. It
was suggested that skin moisture would be an important indicator for humid
and uncomfortable sensations.

4) Skin wettedness calculated from the ratio of net evaporative heat loss to
maximum evaporative heat loss correlated with each humid and
uncomfortable sensation. The threshold level between a comfortable and

uncomfortable sensation was 0.27.
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5) The threshold levels between comfortable and uncomfortable sensations in
this study were plotted on a psychrometric chart and then compared and

discussed in relation to the results of other studies.

Chapter 3. Effects of Humidity Conditions of a High-Temperature

Environment on Autonomic Nervous and Salivary Amylase Activity

Responses
In order to clarify the effects of ambient air temperature and humidity on

heart rate, and autonomic nervous and salivary amylase activity of the
human body, 6 young female subjects wearing only shorts and brassiers were
exposed to the same 9 conditions as described above. The results of the
analysis of variance are summarized as follows:

1) Heart rate significantly increased with an increase in air temperature and
humidity.

2) LF/HF significantly increased with an increase in air temperature, while
HF showed only a tendency decrease when exposed for 30 minutes.

3) Salivary amylase activity significantly increased with an increase in
humidity, when exposed for 30 minutes.

4) High correlation coefficients obtained between skin moisture and
uncomfortable sensations (r=0.888), humid sensations(r=0.982), salivary
amylase activity(r=0958) and LF/HF(x=0.910) were suggested to be dominant
indicators of heat stress. Salivary amylase activity and LF/HF were also

suggested to be effective indicators of heat stress.

Chapter 4. Effect of Porosity of Film Clothes on the Microclimate Beneath
Clothing and the Physiological and Psychological Responses of the Human

Body
In order to examine the quantitative effects of moisture permeability of

clothes on clothing climate, blouse type film clothes made of films with
different porosities, that is, having holes of Omm, 3mm, 6mm and 7.5mm in
diameter per 4 cm2 respectively, were made and used for wearing tests in a
climatic chamber at 34°Cand 50%RH. The temperature and humidity inside
the film clothes, sweat rate and subjective ratings such as humid and comfort

sensations were determined. The subjects consisted of 7 young females. The
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results were summarized as follow:

1) Air and moisture permeability of the film increased and thermal
insulation decreased with increasing porosity.

2) As a result of the analysis of variance on wearing tests, both factors A
(porosity of film clothes) and B (experimental condition) showed a significant
difference at the 1% level for each temperature and humidity inside the
clothes, and only factor A showed a significant difference for the sweat rate.

3) Both heat resistance(Rd) and evaporative heat resistance(Re) of the film
measured through a skin model test decreased with the porosity of the film in
the case of an existing air layer beneath the film.

4) Re showed a high correlation with humidity inside clothes and sweat rate,
suggesting that Re was a dominant factor for determining the clothing climate,
sweat rate and comfort sensation of subject.

5) In addition, the difference between moisture permeability of perforated film

and textile clothes was discussed.

Chapter 5. A Comparative Study of Moisture and Heat Transfer Properties
of Non-Moisture Permeable Film and Textile Cloths

In this chapter, in order to compare the different properties of film fabric

and textile clothes, 4 kinds of porosity film fabric, 5 kinds of cotton fabrics and
6 kinds of polyester fabrics were used for the physical tests and skin model
tests. Air and moisture permeability, moisture absorption, water absorption
and heat resistance and evaporative heat resistance were determined with
skin models. The results are summarized as follow:

1) Air and moisture permeability of the film increased with increasing
porosity and depended on the area of the porosity. On the other hand,
moisture permeability of cotton and polyester were distributed in 45-55%,
while air permeability was different between cotton and polyester.

2) Moisture permeability of textile was higher than that of film. The results
suggested the textiles used have an excellent moisture permeation
mechanism.

3) Peak level of humidity inside film clothing measured through a skin
model test decreased and the keeping time of the peak was shortened with

Increasing porosity in spite of an air layer in the clothing. The keeping time of
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textiles was about 10 minutes longer in an air layer of 7mm than in an air
layer of Omm.

4) Heat resistance (Rd) of every sample affected the air layer and showed a
high value in the air layer of 7mm.

5) Evaporative heat resistance (Re) of film showed a higher value than
textiles because Re contributed to the air and moisture permeability in an air
layer of Omm. However, Re of the textile increased with an increase of the
air layer. Water transport properties of the fabric affected moisture
permeability, moisture absorption, and water absorption with an increasing

air layer, and the mechanism became more complex.

Chapter 6. Summary

In this chapter, the results obtained in this study were condensed and

issues to be considered in the future were discussed.
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Fig. 1-1 Effect of inspiring dry gas on the general humid sensation.
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WATER VAPOR PRESSURE(mmHg)

DE THERMOREGULATION COMPORTEMENTALE, LYON 1970

'WﬂL FREDICTION OF PARTITIONAL CALCRIMETRY
SKIN WETTEDNESS s} e
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Fig.1-3 Contour lines of partitional skin Fig.1-4 Prediction of
wittedness on the psychrometric chart. calorimetry.
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Table 1.1 Hormone substance of the body to be used in the measurement of
psychological stress33).
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2.1 #%
HIEKIRBELS e — F T A 7 0 RERICE Y, #hiaHoIcEosiR bR BEE L T
W5, WAETERREERKBEEMITMA, S BICHRAARENX L RLENETF 13 E
IS LEORMBEEROBmEY b E > T, AHE 20T 2EPERRAR LT
Do Nx D3P CHREFE AR TR & 5 D o 0T IE, BREIREGMEO NMEEBIZET 5 EL
WERORENEETH L, FFICHERDAHROLTRT T, HET VT DES A=
HIROE I, @R OZWARKESRIIHEEN D V. EFITBIT 2 REESCEPIE Y
A7 Ze Rl 25 A IR IR & T B R E~OBRENEETH DL, £
ZTC, RETIE, EFAREICEHIT2O0T7 NV EL 7 — L v X B O
R G FEARFOMIEAE OR b HERNREGTH D HIT L ZHITHT 2 E O
WCERERY , BESENSAEOLE - ARSI RIETEEZHALNILEY &E
Z 7T,

BRESIRIE E NS ANRIZ B 2 2B OV TR, ERZHEOMEDITTON TS, ik
FEHNIR S A G DR E RN, KRNEEE. AMEROERIRRE G, DX
JAZRIETHEIZOWTHA LR 9T, 4 VL, ABEO R E T,
26°C » 95%. 28C - 80%. 30°C - 60% & S it Li2d v | A 35%I272 %5 & AR
36CICBNTHABBII DRV EWME L, L6 391, 23+ 25 2TCOREIR
TITR B R D AR BT 2 Vs, SR AR, R AR T 52 & aRg
L7ce DFV. ZO &5 RWSmiRERMA T OMEE AR E £ 72 il fE B8R 72 & o 4 8
RIGICH 2 2 BTN S 0y, R EF B EEZ R ULT < WIRE AT
RFEHEE LT ZENREIN TS, HFE/NEY X, RE—E - BEOLE
30~80% IC b ST N LREEICH T 2RO A iA L, 25°C TITmE DL
bz lZ e A ERG LRy 28CLL B TIRAUR BRIV IR O R 2 N4 %
ZEEHLMICL, BRAT TIEIAKOREY REfE= (BEORKITE) / (IR
DI O MLEFIT &) BARERK & SOV Z R T &R~ £/, TREK] (237
DI DRI 598 T, Winslow & PIXE# iR EEH TOWME ORIV 2N
&%, F7-Nevins 5 ¥ | Rohles” X, 20°C2> & 25°C D &aPH CIEim FE o> B ek A3 1 3 ik
CEETRBIRONRNWI E2RE Lz, AEERFE 'O Fomds 112 4 i)
G TR, PR O RSN ESIR T CIXRE OB A K& 2T DM, B
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LLE#AET 2 & SBATHRZE TId, FSZiE A LR CIIe B 28 IR m IR I RIE I 2 283D
RO, AU EO&E T TIRREO EF LTRG-S ERTS 2 LR
ENTVD, 2L, TRNODOHMATIEKBELELTHY . SREKOKIFHIE
PELIRBBPREME &L ORI OV TIHRFI ZED L 5 LT 2EFEFLOHRANGIT, AKX
PNEE L2 VREBIC T 21 & RIS+ 2 B RBROEENLETH DL, £
ZTCARMIE TR, AROZEL H/NRIZUIRE T, BREDOIRE &L A2 4 3 B
RELLLEED, NMEOLH - ABFISEMREI L X O LB R T,

2.2 ERBAE
2.2.1 EBROBRESH

BE 1%, IRFE 28.0£0.5°C, 31.0£0.5°C, 34.0%0.5CD 3 . FXHEE 30. 0
+2.0%, 60.0%£2.0%., 90.0%+2.0%® 3 £z iMAG O 9 FMHFT, KtIEE
TOFRMETTO.2m/s. LLFOFRKME Lic, 22 b — V&MFITRE 25.051.0C,
I 40.0%23.0% Th 5, BREESATORIENE L, FEBRP OWERE OALEIZHDE T,
K 200mm 25, R EAY 800mm /S & Lz, T XTOEBRIL, 20124 2 A k
5 4 H TR T OB S E R 3 s KEBR B AP ZERT O N LRI TIT W,
B O ERIAFTF T EES & Lz,

2.2.2 HBERE

PBRE (LR L 6 £ CTh D, T XCOMBME B DI & R 720 2 & & e
BL, FEARICE AR XNICHE L CEWBRE O AMEAM 208k L, WEE
D RFEPEZ [ Table 2.1 (27”7, 723, KK E M (BSA) IX Dubois @ BSA=
Height (cm)® ™5 X Weight (kg) ® 25X 0. 007148 I L W R 7=, HERITZT TV v —, v a3 —
YOHELARBEOHRNY XLDOEEZZBE L T, §XTOERIL 13:00~18:00 DfH
AT o 72, BIREAREE, RO & 58~ 7 a— 8, a— b — O ORBE
AT EBRENCIEIEASETEAKRELZTER L, #HREIIZHLNTED, D
A, WA EEHASEZH2ICHRP L, EEICTERBN~DREEZHD L L HIC
EBRNFIZON T FRERR P HIERER OKRBE R,
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Table 2.1 Physical characteristics of subjects.

Subject No Age (year) Height (cm) Weight (kg) BSA (m2?)
1 23 159 44 1.4
2 29 165 64 1.7
3 24 154 47 1.5
4 24 158 46 1.4
5 23 158 53 1.5
6 25 160 55 1.6
Means 25.0 159.0 52.0 1.5
SD 2.3 3.6 7.4 0.1

2.2.3 AIFEIEB M CITBRIEAZE

WEEHEF, ER (Tre) . FEIR (Tsk) CE. Mo, aila, $d%k. 4. KA,
THE, #HED 8 s, WIFNLARD) OWEIIEI—IAFEEFEZHAW, T—%aL
7 & (RSLEH RS AM - 7062) TTF— X ZINE L7, £, FHEEROHEEIC
XA RN EOERFERE 2 A2k OB D 28R LT,

Tsk= (8.1 ¥H+17 Mol +14. 2 Al +4. 8 RS +17 5 +19.7 KR +12.8 THR+
6. 4 #45) /100,

JRY T FE T B (SR) DI L2 13k & 48 7 2 S 0 77 VB3 T & (SKINOS 84 SKN-2000)
ZAWEETHE L, R, MR XIF (Sartorius B F150s) & M1 THEBR
B ORERAE WL SR, EBRPOEBREOREBEGEL 2Nz, TaRE
WMDHEDITHITEEL, TUVFNIRRSINDEERDVEL b nEICEER LT, BEE
B FE D FEIT OBRAGIZ DWW TUIIBMR T AL RE L. EBRBA4AT 30 0 H 225 60 0 H £ T
DRER A EZRD, 1 RERIYS 72 0 ICHE Lo, RS & (Smois) 1%, K2 & KW
Koy (CK #EHE MPASSO®) (T &V | JEH B L, A, KR (WFh s ZEM) o 3 K
ZATE & FEBREWE 60 0% 4 5 HHIE L PAE A RO,  FRER R AKDFHIK
FUSNOWE DB A Z T K REREP O 1bum(FICAE) ITEENDLIKGE
HETE 5, BREFEALIE B I3 PRIEE (CS) . IRMIE (TS) . MR (HS) T, Al vz
SEENEIL Table2. 2 [Z/R T TH B,

_36_



Table 2.2 Subjective ratings of sensory evaluation.

Comfort(CS) Thermal(TS) Humid(HS)
0 Comfortable 3 Very hot 3 Very wet
1 Slightly 2 Hot 2 Wet
Uncomfortable 1 Slightly hot 1 Slightly wet
2 Uncomfortable 0 Neutral 0 Neutral
3 Very -1 Slightly cold -1 Slightly dry
Uncomfortable -2 Cold -2 Dry
-3 Very Cold -3 Very Dry
2.2.4 EEBRFIR

EBDOTFIEZ Fig.2-1 [T 7, & id = hue— & U THIEIC TRIENLZ 30 7
MR L7 b, 25 IRRE Lo, EKDBEEZNE L, Tok, NLREE
AE | BERICEERE T OICE RN Z FM Lz, SO ICHEBRE IR Lo

ERE Y — RERE Y —&2EE . RIIEIT A T2 L. b D
E¥% 10 pMUN TR T SEEBRE LB Lz, FBREFF T EER. REIR.

REE IR J OB BT 1 oy IR e IS E L, IREIE 5 0 IS, - B RRRTAm

I% 10 4> HB& T 60 4y M 5EHE L 7=,
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Fig. 2-1 Experimental schedule.

C : control, E : experimental room, WV : enter to experimental room
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2.2.5 #HETSH

FEROMFLIICH > T, EFR, KRER, BiTE, KlE(RERDE) . K
JEK 3 BEAZ DU TR A FEBR AT 2252 60 43 [Hl B 1% 0> 16 53 [A] D fiE & S L 72 fE &2 IV,
RERFATE (C DU TULEBRAE T RO FEAMAE &2 AT Ic it L7z, 7272 L. #HBRE 6 ADH
v EIBRIZOWTIIHEBRE No2 THIERRETH D72, 5 AT — X Rt it
Too MEROFFDHICEAL TIE, KBRS EZRSEHBIZOWTIL, REIRE&BR
BRELZBERLET D 2 CERESBMOITEZITV., AEEPR LN RIZOW T,
Bonferroni DL EMEIZ LD HEEAEMELIT o 70, KEKDEIZOWTITERERE,
BRI IR AR L 2 3 JuhlE S BT 21T o 7o, WIESH [ oM Bk
DWTCIEEMHEREZ EM L2, WINbAEEKEILL%, 1%RHE Lk,

B
5
L

2.3 # B

2.3.1 BEMEERIGICRIEFTIREEEEOZE

Table 2.3~Table 2.9 (TIT4EBRAEF 2T 45~60 MO EGIR., FHRFIE., %
T 5, 2R B J OV B D K G 7K oy B AR BR BB IS B3 B A 7 — # KO 6 A (B
JARIZ DWW TIE 5 AD) OB fE, FFHERZAEZ R, Table 2.10 IZIZEN LD oL
BLIE Oy BT ORE R & . £72 Fig. 2-2~Fig. 2-6 ([CZ E LB OBRER R E T T,

Table 2.3 Mean and standard deviation of rectal temperature("C) in five subjects.

Ta(°’C) 28°C 31°C 34°C

RH(%) 30% 60% 90% 30% 60%  90% 30% 60%  90%
Sub.1  36.70 37.10 37.05 37.22 37.20 37.00 37.01 37.30 37.30
Sub.2  37.00 37.28 37.13 36.90 37.31 37.45 37.29 37.00 37.23
Sub.3  37.60 37.30 37.50 37.50 37.34 37.63 37.51 37.66 37.61
Sub.4  36.96 37.00 37.03 37.15 36.90 36.73 36.98 37.10 37.25
Sub.5 36.82 36.86 36.90 36.96 36.98 36.85 37.06 37.00 37.20
Mean 37.02 37.11 37.13 37.15 37.15 37.13 37.17 37.21 37.32
SD +0.35 £0.19 +0.22 +0.24 £0.20 +0.39 +0.22 +0.28 +0.17
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Table 2.4 Mean and standard deviation of mean skin temperature(‘C)

in six subjects.

Ta(C) 28°C 31°C 34°C
RH(%) 30% 60% 90% 30% 60%  90% 30% 60%  90%
Sub.1  33.84 33.74 34.46 34.40 35.10 34.91 35.09 35.05 35.82
Sub.2  34.23 34.08 34.40 34.68 35.07 34.81 35.08 35.60 36.14
Sub.3 33.50 33.85 33.89 35.07 35.24 35.34 35.92 35.43 35.91
Sub.4  34.49 34.15 34.60 35.17 35.42 35.40 35.80 36.42 36.18
Sub.5 32.96 33.26 33.93 35.20 34.70 35.19 35.55 36.00 35.72
Sub.6  34.09 33.89 34.31 34.84 35.28 35.26 36.06 35.40 35.98
Mean 33.85 33.83 34.27 34.89 35.14 35.15 35.58 35.65 35.96
SD +0.55 +0.32 +0.29 +0.32 +0.25 +0.24 +0.42 +0.49 +0.18
Table 2.5 Mean and standard deviation of sweat rate(g/m2 + h) in six subjects.
Ta(°’C) 28°C 31°C 34°C

RH(%) 30% 60% 90% 30% 60%  90% 30% 60%  90%
Sub.1 11.44 32.81 b54.84 76.62 21.32 48.17 72.90 85.57 282.9
Sub.2  49.82 49.74 44.75 91.15 77.15 115.9 157.8 236.8 308.1
Sub.3  30.72 28.62 29.35 11.40 35.52 39.39 6.030 104.6 124.8
Sub.4 19.70 26.14 46.67 17.41 46.38 110.7 86.51 84.84 110.1
Sub.5 10.67 16.86 32.42 13.24 30.12 39.41 39.07 55.93 128.5
Sub.6  23.00 20.04 30.80 20.40 30.10 50.30 11.79 72.32 156.8
Mean 24.25 29.04 39.81 38.37 40.10 67.31 62.35 106.7 185.2
SD +14.6 +11.7 £10.4 +35.7 £19.9 +35.9 +51.8 +£60.0 +79.5
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Table 2.6 Mean and standard deviation of body weight loss(g/m2 + h)
in six subjects.

Ta(C) 28°C 31C 34°C

RH(%) 30% 60%  90% 30%  60%  90% 30% 60% 90%
Sub.1  27.17 16.18 9.246 28.90 35.26 20.81 70.52 67.63 69.94
Sub.2 33.97 5.769 33.33 27.56 62.82 61.54 82.05 66.67 30.77
Sub.3 33.80 9.859 19.72 34.51 19.72 94.37 56.34 85.92 32.39
Sub.4 1.389 22.22 36.11 16.67 21.53 8.333 86.11 45.83 65.28
Sub.5 49.32 26.03 26.03 44.52 23.97 10.96 31.61 27.40 28.77
Sub.6 32.68 30.72 15.69 36.60 44.44 18.30 24.84 26.14 36.60
Mean 29.72 18.46 23.35 31.46 34.62 35.72 58.56 53.26 43.96
SD +15.7 =£9.61 =10.4 +£9.45 =16.7 =34.6 +25.8 =24.1 =£18.6

Table 2.7 Mean and standard deviation of skin moisture(a.u) in six subjects

(in back).

Ta(°’C) 28°C 31°C 34°C

RH(%) 30% 60% 90% 30% 60% 90% 30% 60% 90%
Sub.1  50.67 39.60 72.07 33.70 77.80 83.97 46.90 105.6 113.6
Sub.2  38.97 48.33 78.23 78.93 56.43 92.67 84.27 103.3 103.0
Sub.3  45.60 67.70 86.47 63.40 61.53 84.23 69.07 92.43 118.9
Sub.4  35.03 43.43 63.10 33.07 38.60 62.10 41.97 65.70 109.0
Sub.5  36.73 30.40 39.47 26.00 39.43 37.33 28.73 43.23 88.13
Sub.6  37.17 38.10 55.20 33.33 46.90 61.53 36.97 54.50 91.87
Mean  40.69 44.59 65.76 44.74 53.45 70.31 51.32 77.47 104.1
SD +6.1 +12.8 £16.9 +21.2 +15.0 £20.6 +21.1 +26.5 +12.2
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Table 2.8 Mean and standard deviation of skin moisture(a.u) in six subjects

(in forearm).

Ta(C) 28°C 31°C 34°C

RH(%) 30% 60% 90% 30% 60% 90% 30% 60%  90%
Sub.l  34.60 34.80 54.47 26.50 41.83 67.43 36.77 108.3 107.5
Sub.2  26.17 40.03 56.13 55.03 39.57 74.30 59.80 99.10 106.9
Sub.3  42.83 46.27 72.30 46.33 61.67 86.90 56.07 79.93 115.4
Sub.4  26.43 35.67 48.73 27.00 37.77 47.20 27.83 46.77 106.1
Sub.5  30.27 29.60 40.63 34.67 40.37 35.60 23.77 38.17 107.0
Sub.6  26.33 27.77 31.33 25.43 35.80 44.87 26.60 33.83 76.20
Mean  31.11 35.69 50.60 35.83 42.83 59.83 38.47 67.68 103.2
SD +6.6 +6.8 +14.1 +12.2 +95 =+19.8 +15.7 £32.4 +13.7

Table 2.9 Mean and standard deviation of skin moisture(a.u) in six subjects

(in thigh).

Ta(’C) 28°C 31C 34°C

RH(%) 30% 60%  90% 30% 60%  90% 30% 60%  90%
Sub.l 1840 21.63 33.70 20.33 35.43 37.63 24.13 73.40 106.2
Sub.2  21.40 25.57 39.27 28.50 35.10 45.90 33.77 43.97 92.73
Sub.3  38.03 44.70 70.60 38.47 46.03 72.03 40.93 71.97 118.3
Sub.4  22.60 26.77 37.90 24.80 24.47 39.07 22.30 48.97 102.9
Sub.5  22.00 24.63 37.50 30.43 35.87 40.13 24.73 32.67 101.8
Sub.6  19.37 18.33 23.33 15.60 21.73 32.77 17.23 20.37 53.23
Mean  23.63 26.94 40.38 26.36 33.11 44.59 27.18 48.56 95.86
SD +7.2 +92 *£15.9 +80 +88 =*14.1 +86 +21.1 +225
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Table 2.10 The result of analysis of variance.

F - value
Factor D.F. Tr Tsk SR WL
A(Ta) 2 1.3 109.4%* 15.7%* 9.1%*
B(RH) 2 0.4 4.6* 4.8% 0.4
AxB 4 0.2 0.6 1.6 0.5
Error 45 (Tre:36)
Total 53 (Tre:44)

**p<l% *p<5% significant difference
Ta:ambient temperature. RH:relativity humidity. Tr: rectal temperature.
Tsk : mean skin temperature. SR : sweat rate. WL : weight loss.
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Fig. 2-2 Effects of Ta, RH on rectal temperature through multiple comparison.
Means+SD.(n=5)
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Fig. 2-3 Effects of Ta, RH on the mean skin temperature through multiple

comparison. means+SD (n=6). *:p<0.05 **:p<0.01
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Fig. 2-4 Effects of Ta, RH on sweat rate through multiple comparison.
means+SD (n=6). *:p<0.05 **:p<0.01
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Fig. 2-5 Effects of Ta, RH on body weight loss through multiple comparison.
means+SD (n=6). *:p<0.05 **:p<0.01
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Fig.2-6 Effects of Ta, RH and measured position on the skin moisture through

multiple comparison. B: back, F: forearm, T:thigh. means-+SD (n=6).

*:p<0.05 **:p<0.01
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2.3.2 BREBEBEENDERRIZRIFZTE

FEBRAE T R ORI, MR, PRI A R G O T B2 AT o T2 R & Table 2. 11
AT, RIRTEIIC, WTFROERKIZOWTHEHEETHY, 2, KM LD

CHEENBEO N, ZEIBOFMRELY Fig 2-7 18T, 3 MOKELIC, KR,
WEO R EICHBIC EFT 20, RGBT ICRIRZE R Y, @RI i R
K DOEBENR L B SN D, AP OV TIE, Fe# A Sz iR BTV 28°C, 31°C
i, AR 2 & FRE D 30%., 60% M TIFAEZEN L, EIREED 34°CI0% I 72
LERICABREABRENTND,

L

Table 2.11 The result of analysis of variance in sensation evaluation.

F - value
Factor D.F. Thermal(TS) Humid(HS) Comfort(CS)
A(Ta) 2 60.56%* 15.40%* 27.64%*
B(RH) 2 20.74%* 31.87%* 9.38%*
AxB 4 2.69% 2.60* 4.63%*
Error 45
Total 53

**p<l% *:p<b% significant difference.
Ta : temperature. RH : relativity humidity.
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Humid Sensation Thermal Sensation
© o

Comfortable Sensation

Fig.2-7

28°C 31°C 34°C 30% 60% 90%
Ta RH

*ok

’—ﬂ

1=

28°C 31°C 34°C 30% 60% 90%
Ta RH
1 1

*ok
*ok

1

28°C 31°C 34C 30% 60%. 90%
Ta RH

Thermal, humid and comfortable sensation in each air temperature
and relative humidity (n=6). *:p<0.05 **:p<0.01
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2.4 & =

Pk SR BREE T OSMIRE R TICR T 5 MEAOAR - DEOSZMAE L, |
M E AN AR D BT/ - DEBUSICRIETHBERABICRR L Z L2 50
oo TITE, ThDDRREEBICREOBAN &, AMEO KRR EH R 5 BEHT
5 &L BT, REDORIEICET 2RO BEFH & &b T, RERRESRM, &
KBNEDOR « RRICRIFETEE, ZOR—F =T IZONTELELLW,

2.4.1 NADOKBHAMICH T IREREEDEE

ANAEDNEG - BEREICIRTE SN DR, BEEREEZRSD, BFEARIRE L
TR COBXEGEE & BUHSOE & U CRE I BROG (8 o I & i o ik8gR) &
ORI E DS D BRBESFHEOZIZIE LT, 2N L OB HF EEZ S b,
AWFFE TIHE GRS TSR SRS L 23 R BIIRBO o 20w, P REER LD
FTFEICOWTRIREBEIC L 2RERALNICR SN, ERRO X S ICREME KO
T, IRFRES O D ORI TH Y | AR B ENBREE TR S 7R, BE I
DPLRIC K DGR D LR ZAT, ZNWBBERES 5, £, BITIE, BRmO
KA EHMSETRIED EH 20 E . @SRRI T 2 & b A 2072 A IR & 5OS
Thd, 16K, ZOXRHRBOMEIEIE, 74— F Ay 7 HIERIC I D HEH S
N5Z RS TER Y, —F, EF, FEFHESEETT +— Sy ZHl#%R T

FHABONRNZ ERBHY ., 74— R 7+ T — RHEZRBERH L TWD Z &R RE
ENTWVWDE W ORAFFEICE W T, BREIRIEEE ISR T 5 BRI B 3 2 817 23 A
LD, ARRENBO LR -T2, ZOEPROARNENE L KR, BITRICOH
BB IT, BEEXFFTDLEEZLNDN, ZHICOVTIEE LICHE ORRFE/L
DN 2T EBE T2 ERLETH D,

JEHD X 5T NED B BREA~BIEBER L., 8, i, BHROEETH D,
2D BARE - K - S X D BBV BN R IR AV O IR AE L, ZRRIC K
DB LG KARRE L AR OKREREDEIKAFT 5, K[RO LR & &b I
BB N D T 5720, KRECEHwHER O - D ICIxRTFRA~DEKGFEEL T 5,
DuBois'd, & 23~27CIZIV T, BIEBEERHE O BB 5D 2 KT BB O EI &
(TR Z & & F 72 McCormick 'iE, M DOHEBRE ICH T, 22.8C TITRMMEE
DT0%RY BIRICE DD THDDITXL.29.4CIT2D L 80%FNARFEIZLD Z

_48_



CERBHL TS, IFIEEAERE TR LA RKERG S TH D —FH, SIBRE T
o> TEAB LIS S RNELTLE S  DFE Y EHIRITFNZEL L 2D 0F 1 15720
TFORFBIZFEFEZEROBE LMEICREEEIND 2 2, KR T, RERE
ERED ERICHEWVEITFENRZENEN 1%, 5% ARICER Ly, —F T, AL
o R EITEAD T D2MEmB R EnTc, BEDO EFIZ X VKO KEKE L KZFD
KEKEE OEPHE/NNL, FBITEDEIML TH, AEPARARDICRSTZIENEZD
. Flo, ZOERE LI AKSDBEEEZ S0 SEFAEMO TLEV, TR OB
GREZo7eb D LHETED ¥ HH K BEIZZORITREABE L DEIZ
RGBT DKL, BERESRFMCAERER LARRBO AL, 51T,
HEMMH CTHABRAZRBRO O, KBICER LKy BITBARE TICBY
TARREZE T —ODHERTIE RV NEEZOND, £ T, AUYZEOHNEHH [H
OF A EE A FHBITHNC L VG L7z, Table 2. 12 13 OFEMEZ R L T 5, FIC
AT RN, HITE, B EDORITIE. 0.934(p <0.01) &5 @WHBIMED R S
Niz, b2, BITFEFWThOEREFME & 0.9 L EomWABERE (p <0.01) &,
Bé g K oy B ld R PR, 1K & 4 0888, 0.982 D EWHBE AR L, B EVE I A
FLUZADEMRIEETH D Z ENRENTZ, KT, RDBROERSEMET T, K
kA S TITEE « BEORICAE L 28RN HE Sz, Zh, KIRO K 3
P L TEDLIITET 2D, KRB AKIZED LS RA ML RAEAMT HD
Na, BETLHEBNEGEONTLLEE XD,

Table 2.12 Correlation coefficient among physiological responses and
psychological sensastions.

Tre Tk SR WL Smois TS HS CS

Tre 1.000
Tsk 0.693% 1.000

SR 0.708+%  0.772%  1.000
WL 0.314 0.841%¢  0.547 1.000

Smois  0.640 0.686%  0.934%k 0.391 1.000

TS 0.662 0.872%x  0.920%x 0.687*  0.883*%k 1.000
HS 0.617 0.643 0.906++  0.329 0.982%x  0.889*%k 1.000
CS 0.616 0.745%  0.970%k 0.580 0.888%x  0.948%k  0.896%k 1.000
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F72. Berglund® (%, KREEIZH T D EKAEME (Enax) (Txhd 2 TR A
BEOIZEEHRNAELER L, w = Esk/Emax, ZI2NRMIZAE S APk & gl BAfR
bbb ea@WE L, 22T, Z0BEZHVWT, SRIERGETH LA -
DS DGR D2 M 2R LT,

2L, RERECLTw) 2 LRI E S THEB L 19,

W=Esk/Emax

Esk: FZ & b DZEFEIZ X 5 ik &E  keal/m’h)

Emax : BZJG7> 6 O g RIRFEEE  keal/w’h)

Esk & Emax [ZJE0 D OKGBEEIKOEBELLEENTHZ L TRDHILD,
Esk=2 * e lkcal/m*h]
Emax= A * m [kcal/m’h]
Ao KDOFRFEWEN 580kcal/kg
e EBFRPICLAKRERS &
& % PRI TRFRETORRAKDBHEMORETIILUTOEY Th D,
m=1 /Cp *p- (D/a)*® - (1.033 - 10"/ 760) -
h,/ [R, ( T+ 273.15) ] - (Psk*—Pa) [kcal/m’h]
m:  RRWE = E
Cp: SIEDHEN 0.24 keal/kgC
p: LEE 1.16 kg/m’
D PREERE 0.094 m*/h
a @ KEOEERER  0.0811 m*/h
o 1 A EMREE  [keal/m*hC]
Rv @ SURERL A7, 1kgm/keK
T FEREHEER] C
Psk* : FZJFIRICE T 2 8MKZAKE  [mnHg]
Pa @ BREEIR (28, 31, 34°C) TR HKAEKIE  [mmHg]
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Fig.2-8~Fig.2-10 {ZIX ERROXUT K VRO b2 iF R & i@, 1w iEE &k ONR
ML ORRAE R T, Fig. 2-8 DO REIBIVRITIRIEICAE O R & @B BIR 2R
L. 0.27 LRI D ERRLEEIE SN TWVD, KEOEIICHE D IR~ O BT,
Fig. 2-9 |2/ R4I8 Y . APk & R 0.928 D mEWHBI A2 3 L., Ff8IENLER 0.24 UL |
Wb E, HREITB > TVHERETWD, £7o. HEOENRLIBAEOFHEI
Fig. 2-10 (2R3 X 910, HIGHENFR 0. 22 L LTI, BV EEZ IR TV 5, Berglund
PNIRD S R RAOR =X —12 0.3 L L, EFILHEEEKA 290X 0.25 LHEL TS,
RPRREDO R —F—2ik, AN, R ZRIEENBEET 5700, ZO/ERITIZITEX
BhbDEEZOLND,

3
g y = 8.83x-0.41
pher R?=0.928
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Fig.2-8 Relationship between Esk/Emax and discomfort sensation.
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Fig.2-9 Relationship between Esk/Emax and humid sensation.
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Fig.2-10 Relationship between Esk/Emax and thermal sensation.
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2.4.2 BIERBESHLERMR - TROBRIZTONT

BRBEIRIE K 4o L IR BV - RIROBERIC OV T, /EREBHOBER RS T
Do LOLEZID OB TITAEKFMERTEE L ~L | HBRE O N, MERIER R D
Toth, FT KGO FERINNIIG K AR & 57 MWD 7D 2203 M8 R 72 B4
WIEES>TWRVWORBRTH D, 22 TARIMETIE, ZNENOEREETOLHE
BB G PRBEEAE SN D 5 & RRIEICBATT 2IRIBERMEZH A ZhEfis
WA ARFFE OB, RREEFR L Uiz, FARIC, BEIEORZFHRF 2 65 & L7 5EhG
BRI 48D ; Nevins®™ ; Rohles? ; Fanger®®) 705, RS, P8R4 K
DY BRI FICHR L, #ERIZFige-11 ®@Y THhdH, 22T, RFTOEK
A (O), 0.4~0.6 72 (), 0.8~1.0 7 = (@) IZ31F, ARIPRBERME LR
T, P A SRR TR Lis, EFARREEIBRIC WL IR RIER O FI(3) OfE R & 4 [E
DGR (1) % BT 2 & i B e C 2°C AR E S © ICREA B O G A E W, ik
BR T OPE ML Fanger (5) & A HIOMER (2) BHREMT T m A LT 52, Il
L= 2h b, RIRERBREL Y 2.5CIZ S EIBMAICBEI L T\ 5, [FEEIZ 0.4 7
B~ 5 K KO R PREE R % SET*30°C (10) 2> &, $RIEHR % Rohles (6) , Nevins (7) 2> 5 5]
ML. 0.9 7 v~ KEOARPE M2 AR (4) OFE R B RIEMHRZ SET*20°C~
26.1C @), DOFEENLIIAT DL, WTNOEKREMITE T BRI APER
AR 3~ACERIBMICBEIL TWD, Eio, EXEHICERE LD &, BRKPHE
3213 S, AR E bICRRMACBE L T 5,

MOABIZDOWTIE, ZITEMRBEBTRINTHDA, #HBRBEKRTRENRTVD
bObLHY, B SEOFRKERO X S IZERES THE O F 525 < 7 D Ml o R
Rl FEOXIITERE LY FERES TREOFGMNE L 25 MO RN R b h
Too WFRIZ LT, PR - ARSI L bICiEkomE EREL Yy —icd b,
HEROEBZONWTHFFELRWVER L eole, LinL, KIROFEE &V o TH IR
7 vfi, TROLLEENIZRESNTEY, EF0O7 — X ETHRER I NLD
KIROKZFBPEIZOWTE R LIEHREIT R S0, FRICEE N oP@Et:, e
Bilk st & LCOKRRDBEGIZONWTIEAHOFRETH D Z LR EINnT,
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L a—YOBEMDRANLS 6 4% 60 AT, TOABKE 5 HE - L

BOS 3HEHE ZMIE Lz, fRICHOWTIR - W2 ZK &2 43 Ui NS £ 8 g

ZATol, ERDHERIFILLTOEY THD,

1) BREIR. FEITE. REKS &, RAK, WK, REEIVIhOIREE LA &
EHICHEICER L=,

2) HREBLVEICOVTIHEEOEEBORICAHREEDRD bR,
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MNEZ B % < KT, IR, B, W, BUEO 4 BHRICL > TEKRIR D,
AHIZZEN S OKBEERICHESN, [F0v], 18y FORBERTEZELT D, &

PR, HIEKRBAENEST T 50T, b= T A 7 FOEBELED T, B
JEOFAENBEHA I N TS, AMA XD REICLERIZEDL T2, REUR
BERANBICRIZTRELEEL T LERS D, Rk, REARKICET 2%
T, RIRAZFEE LTSN TV DR, AARRLHE T VT DL I REVA—UR
FEHTIX, BEICHOEENFELNATE I, AMRITFEIZERE? D OBAM T3 L
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3.2 EBRAE
3.2.1 AEEH

FEBRGIILE 2 BMERKTH D, HBRHE IXBEACIRR O 72 M BE 72 5 4E Al AN 22 6
K. FOHERRFEILE 2 % Table2-1 IR LTz, 77 V% — & v a—YDOLEOHKIZIE
VRBE T, &R 28, 31, 34°C. JBE 30, 60, 90%rh T F N DI EKMEDMAE
b, FIFHFORBERETICB W TEMLFIRE CBBEERELITo/c, ZOREE
. (EENOR 2 A OVEREA TR EZEHNI T, BT LTWDHIREE] &L
oo £, BRY XAEZEBET D720, T XTOFERIT 13:00~18:00 O EIZITV, A
AAXOERA TORFENFITHG L0, DIROAMBIZZL 20D, O H 5
gAY TAa—VEH, a - —ROBREZEE T T,

3.2.2 BIEEB I UICRIERE

BEE BT oM., OMED (LER) ., KOMERT X7 —BIEED 3EHATH D,
DA BT B (=) RRRZEERIC (4) . BT — R LW ) BMEESETH
% Mo NASA #%i8vE (Fig. 3-1) I2Xk 0 5437 > 3 BLLER (ECC) Z#lE Lz, LE
B OUWERIZ L, v VFT L A= &N L TEHBERE ZIEEER (VitalRecorder2
XotAfalrTy 7 BRASH) ICTHELE. LDER LA O R-RFEZ 2 HiE
ARG RAENT 7 1 77 F A BIMUTAS2 1T K W /8T — AT hVRMT L, 23S 8 SR TG B L
~ULDOFERE L Wibivd LE/HF (LF @ Low—frequency KJ& ks> 0. 04~0. 15Hz, HF:
High-frequency & AW B K 5y 0. 156~0. 46Hz), FIZEAHRERIFE L ~LOIEE L b
WD HF &Rz 5510, — i @ 8 Honk 5 (HF: High-frequency0. 15~0. 40Hz) @
PN — Tk E RIS B O E RIS R 0 QAR REIC B 5 LAe v 2 L S A AR
K% JHE T A1) OB A D e - L 72 BED HF OEHIZ L » THER ST b, — 5, KA
%4y (LF : Low-frequency : 0. 04~0. 15Hz) DOFEAKEFICOWNTIELT LS HML S
TV RS BLIRE ST LE/HF A ifi A7 58 Bl P A2 JR o 0% 7% 1) R % A2 S Ao R 7 18 D
LA FMM S TWD, £, @EBEEMS HF) ZFFRER SICEEIND
7o, AREBRTIL, WS 15 /4y (0. 25Hz) OFHF LW 21T > TLHEBH DO A~y
N VIRAT & 3EAR L7z, PRIRSEH] T oW TR, EA T W ARWEBRE WD 72,
T ERIZ BN THRE ~ORMI R EL G2 20X S I+l S E i,
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/ NASAEE® |
(V2B H BT B)

Fig.3-1 Position of the electrode on NASA Induction method.

G: earth electrode

DT BB M EF (AND e B TM2655VP Fig. 3-2) 12 & 0 A==k
& FEBREWAE 60 0tk D 2 [ A HIE L7z,

Fig.3-2 Blood pressure monitor.

_62_



WEE 7 2 7 — B s g 7 2 79— =4%— (NIPRO # Fig. 3-3) #H
WTHIE L7z, MIZRT Lo, Fy 7 adE FIZELIAAL, 30 BRHIMER & KOG S ¥z
®iC, WERT I 7 —BE=F—CHIET D, WIKT I 7 —BIEMEIE. AR O B
I X 0 BRI NICROS T 5720, A ML ZADIEELE LTEL bR T3,

iva collectine n Reagent paper
rS_::Il\fd collecting paper Sleeve

J— ot Ty Sheet
- T~ - - b

(a) Collection of saliva using a test-strip

Fig.3-3 Salivary amylase of monitor and measurement method .

3.2.3 ZEERFIE
Fig. 3-4 ICERTFIEZ =T, #BRF IXFERATIC 261°C, 40=5%rh DEREE T T 30
SR ZEFERD, BE 20 5% RE L Trb, EFROREEE 22 ERE L%,
RESNIEALRBEEREICAE, a3 br—L 10 5B 0%, 20 M %EHE2EL, 5
S OIZEE), KT X7 —BiEEE 2R RICHE L, BO20 oM a £l LT,
ZWREFHEORIC, 3 HHOLMEBEMER Y I T —EBEARELTHL, LB ERE
L, EBREKT LT,

Pre ! | C | R | | R | | End
-30 ‘1I0 0 10 30 35 55 60
(min)
ECG ] ] o
HR o o
Sa-a o o o

Fig.3-4 Experimental protocol.
C:control; Riresting.
ECG: electrocardiogram, HR: heart rate, Sa- « : salivary amylase.
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3.2.4 #EtHHE

EBRNOSRD T —F OMFIITICONTIE, LEES» SRS = LF/HF, HF kO
WE T X T — BIEMEIZ oW TR MEHE O A ZER R E W7z o EBRE WAL 30 79 &

5y DA O FTEAEN 54 2 AR &2 L DI F2BRAE T R O sk il e OVEBRAL T
FrOfE L AlTE & OAEZ LTI L7z, MROBE I L T, BRERE, 8
BRWEZKNFAEB LT, ZaulilBE0Bahr 2T\, AEEDRO by
Bonferroni M EHEIC X 5 KER OAEERET o7, AEAEIL 1%, 5%LLTF
L7,

3.3 #& R

3.3.1 REREENBERRIHIRETEZE

Table 3.1, 3.2 (CIXZEBREITHAE 30 43 & 55 O PERE = & @ HF & LF/HF O
SHE %79, F£7-. Fig. 3-5. 3-6 1L 30 4¥MF, Fig. 3-7. 3-8 % 55 3D 6 4 D F-1y
Bz 7y bLIZbDTH D, 30 40 OBREEIC I 1T 2 BREEIRILE O BT Fig. 3-5,
3-T IR T K HiT, RIZZEFE HF OREIZHOWTIX, 28CRFICIRE D EAIZ K 5 HF
OWD BT, 31C, 34 CTIEHZNIZEHMREEL L TBEINR)1o T,
AR LF/HF 1220\ Tk, Fig. 3-6, 3-8 (/- L D10, BRERIRIEEIC K D 2N,
HAOPCRO ORIz, FRESMETIE, BEDO EFIZ X 5D LF/HF B L5321
MzZmr L FFIZ 3 COGAEIT MEMDEZNKRE D>, £ ARE D EHIZfE S LF/HF
O EFRLBEINTZ, 305 & ARD L 55550 HF X, 1FIEXF CMEA Z 7~ L7223, LF/HF
T, 303HF L0 MEICLDEENHLNTIT R >7, Table3. 1, 3.21T/RLT
AT EDOREREBEZELIZEZ A, HF D WL LF/HF OFEL LB, b TKRKE
REANZEZR LI, LEeRoT, ZOEAEZEZHET LH70D, ZnilE D BT
WCIE, BEAOYIIE (RT=E) Cxd 2HxHE, &5 WIERTESY 1 & LT, B
RrDRIEE & ATE D2 W T 21T > 72, Fig.3-9 | 3-10 [Z L EHE DR
R, HFIZ O W TIHRRIRIEE & ICAEENRBO DN ho ey IREED L5
\ZFE D HE OFAME R 25 7 Bz, LE/HF IO TIRE £ 72188 o EFIfE 5 b F4E
MDA E, 28°CE 34 COMTIL 5% DHEENRD b,
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Table 3.1 Mean and standard deviation of HF in six subjects.

30mins 28C | 31C | 34°C

Sub 30% 60% 90% 30% 60%  90% 30% 60% 90%

1 3853 4769 4453 5066 4845 3566 3 4796 3377 2815
2 7324 4367 5381 7897 3372 4383 3 3963 11093 7347
3 7868 13590 11239 . 13102 3377 6938 4732 3180 4604
4 10790 9344 3940 5144 3377 4316 311603 2177 5108
5 55124 19694 4453 9465 54932 12883 327382 13892 17116
6 7868 30990 13809 : 9662 13433 7639 ‘ 4895 9307 13361

Mean 15471 13792 7213

SD 19551 10204 4219 3060 20484 3464

8389 13889 6621 | 9637 10255 8392
' 9350 9186 5624

55mins 28C i 31C i 34°C

Sub 30% 60% 90% 30% 60%  90% 30% 60% 90%

1 2632 2043 4714 3382 3030 3045 6511 2348 2586
2 9113 7180 4766 7878 4261 4242 3640 10345 3523
3 7869 8336 7121 7762 3677 5328 4003 2279 9513
4 10575 6653 2057 5021 3739 33563 10042 2289 3398
5 40958 8336 4714 9758 22236 8704 112571 8832 12864
6 20897 21803 18921 : 9751 18848 4050 3565 7594 5491

Mean 15337 9059 7049 7259 9299 4787 6722 5615 6229

SD 13891 6663 6033 2574 8784 2077 3798 3728 4097
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Table 3.2 Mean and standard deviation of LF/HF in six subjects.

34°C

31C

28°C

30mins

30% 60%

Sub

8.63
1.71
4.40
1.42
0.83
2.22

[o'e] » e © — —
— © N — o~ —
<t — — — o —
<t © 0 ™ <t 0
W © N N ™o
— (e} — AN (] —

3.20

1.26 1.69

Mean

2.93

0.70

SD

34°C

31°C

28C

55mins

30% 60%

Sub

4.34
2.66
2.35
1.85
1.11
0.93

© o ¥ © ¥ 19
N N e 0w ®
IR I B
o B B BN~ o B Yo
® M m M e ©
B H H s S 3

2.21

1.84 2.99

Mean

1.24

2.29

1.39

SD
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Fig. 3-5 Mean of HF at 30 mins (n=6).

LF/HF

W 30% W 60% ™ 90%

28°C 31°C 34°C

Fig. 3-6 Mean of LF/HF at 30 mins (n=6).
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1.5

0.5

W 30% 60% 90%
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Fig. 3-7 Mean of HF at 55 mins (n=6).

H 30% 60% 90%

28°C 31°C 34°C

Fig. 3-8 Mean of LF/HF at 55 mins (n=6).
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M . W

28°C 31°C 34°C 30% 60% 90%

Fig. 3-9 Effect of Ta, RH on HF at 30mins through multiple comparison(n=6).

LEF/HF (%)
.
—

28°C 31°C 34°C 60%0 90%0

Fig. 3-10 Effect of Ta, RH on LF/HF at 30mins through

multiple comparison.(n=6)  *: p<0.05 **:p<0.01
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3.3.2 BWIEREENADMABICREIEZE

Table 3.3 IZHIZEZHHRE R OVFEBREBICHETE L%, #EBRE 2L o LMERE R %
R, BEERD &, ATE L AN TEBEREEICERE L 2% o L MEBUIHEINT 268
MzR L TWD, 28CIZRIT DREROLHEIE. 30%. 60%EE . HinE~
B LTeBE L HIZBY ., 90% TIX 6 4L bITHML, 31, 34CIZed &,
BREEIC &L D DB O I B ICER D BTz, FRIC, 34°C90% %5 & 1%, 16beat/min
LLEWCHEIM U= ii 6 405 Hic 4 AEBA7, 31C90% T, 10beat/min
LLEICHEM U= BE S 340D, RED LR, FRREDO EFIZ X0 .LmER
B3 2 m s s,

DA E DA HE O T B E S B AT M O B O RS R A4 . Table 3-4 KO
Fig.3-11 127”9 ,Table 3. 4 [T "R ES AT R TH Y ([KAF A DREEIREIZ 1%
DHBEENRO LN, /-, ZEEBOMEEIT Fig. 3-11 IR T@EY ., BED
FATHEVDAERE I L, 28°C & 31°C, 34 COMENZEINIC 5%, 1%DHEE
MR BT, WEICBWTHREROMM ARSI, 60%E 90%DH TIX 5% D
HAEEPR SN, BEKIRIC KD 0O ZIEREAR I D 28CH 6 Bls S
AU, 31, 34 O TITAHEICHEIL 7=,

o, RERBERICET 2 0HBOEBZBET H7-DI10, EBRKE TR &I
EREO LA D7 (L) 2R o@D B K S Bk 217> 72, O
OIS Z{bD G L, BEREER T 1%, BEEKT5%DOHEEY
R LT, ZEEBOMRILFig. 3-12 12737 L 9 IZIRE O LAV LIaE #N
L. 34CL 28C, 28C L BICOMTENEIL 1%, 5% DHEENBD LiL, 1T
ETHR MmN R S5, 30% & 90%DE T 1%DHEEEN RIS, Bl
. MEORENLY REI RSN,
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Table 3.3 Mean and standard deviation of heart rate in six subjects.

Pre After

Subject 1 2 3 4 5 6 1 2 3 4 5 6
30% 76 83 74 76 63 66 74 77 71 67 62 72

28°C  60% 74 84 68 68 69 66 76 91 72 77 72 62
90% 73 77 72 74 63 170 77 85 82 93 67 T4

30% 70 82 80 76 76 66 74 82 82 77 83 77

31C  60% 72 79 66 65 63 68 76 89 78 75 66 74
90% 7579 71 62 75 170 83 89 84 75 84 83

30% 80 8 71 70 70 78 8 84 97 77 73 91

34C  60% 76 80 72 77 70 66 77 89 78 91 84 76
90% 71 79 63 79 68 170 82 91 86 93 85 93

Table 3.4 The result of analysis of variance in changes of HR.

Factor D.F. F - value p - value Determination
A(Ta) 2 7.613608 0.0014 *k

B(RH) 2 2.690985 0.0787

AxB 4 0.625154 0.6470

Error 45

Total 53

Factor A: air temperature Factor B: relativity humidity
D.F.: degree of freedom **p<l% *:p<6% significant difference
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Fig. 3-11 Effect of Ta, RH on heart rate through multiple comparison.(n=6)
*1p<0.05 **:p<0.01

20

*% *%

[t
ot
T

changes of Heart rate
(beat/min)
S

28°C 31C 34C 30%  60%  90%

Fig. 3-12 Effect of Ta, RH on changes of heart rate through

multiple comparison.(n=6) *:p<0.05 **:p<0.01
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3.3.3 REBREENERT7 I S—EEHICRIZTEE

ATEE. A28 30 4 & 55 RFICHIT AMER T X T — BIEME OB F O S % Table

BITRT . RIRT IO, KT I 7 —IEMEOMHEITHERE IC LY K& <Rk

D, BT =2 NPDBLA ML ADEEZONTHEWTL2OEFELWVWEEZEZAOND, £2T
BAZEZE R T, MERHREONEMN —>OEMEIC /2D &5 2, BERONE
B ERTEEME O E KT 7 —BIEEEEE] & LTk, Hitohziro
7=, Table 3.6, Fig. 3-13 J%. AZE 30 MR OERT I 7 — BIEMEZEMEO 5 85y
ik L EEBOFEREZRL TS,

Table 3.6 OSWAMFERE A5 & REREERIIIAEZDZRD BV,
WEBERIZIE 1%L TFTORBEEPRBO bz, £LELHELEBOME TIX, BRERDE
EBICERT I ONTHIKRT X7 —BIEWHEBEN EF T 2HEmR Ao, 28CE
MCOMTIE5%. 30% & 90% D TIL 1% DAHEENED LT,

D7 X7 —BIEEIT RO EIC X 28T 30 o MmE L D L. BT
(X722 o 7z, Fig. 3-13 (ZRT#0 , RBED LFIIES 77 —BIntL#HhE -

WWHEBEITIRONT, 2 LA3MCEEZIO% TIHKEFT AR RENT,
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Table 3.5 The salivary amylase activity of six subjects.

Subject 28°C 31C 34°C

Pre 30% 60% 90% 30% 60% 90% 30% 60% 90%
1 54 18 27 44 19 30 30 21 28
2 34 19 20 27 26 16 17 63 19
3 11 11 37 54 11 14 41 15 12
4 31 30 9 13 10 14 14 20 20
5 18 10 31 40 15 24 35 10 20
6 25 18 9 33 14 8 10 10 8
35min 30% 60% 90% 30% 60% 90% 30% 60% 90%
1 23 27 24 27 28 32 79 32 58
2 18 17 26 25 22 28 15 103 18
3 4 11 14 24 44 82 13 52 130
4 40 57 20 18 16 25 6 46 45
5 12 14 59 29 35 29 39 26 49
6 17 10 20 26 9 15 8 19 23
60min 30% 60% 90% 30% 60% 90% 30% 60% 90%
1 73 34 20 21 28 60 62 37 20
2 14 13 33 36 24 15 14 63 16
3 28 33 34 32 85 39 21 79 39
4 35 53 18 28 33 11 22 34 29
5 11 19 59 40 49 47 20 20 59
6 20 18 18 18 13 22 19 10 15

Table 3.6 The result of analysis of variance in changes of saliva- «. .

Factor D.F. F - value p - value Determination
A(Ta) 2 3.158135431  0.0521
B(RH) 2 5.844715406  0.0055 o
AxB 4 0.693120741  0.6006
Error 45
Total 53
Factor A: air temperature  Factor B: relativity humidity
D.F.: degree of freedom **:p<l1% *:p<b6% significant difference
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3-13 Effect of Ta, RH on changes of saliva- « at 30mins through

multiple comparison(n=6).
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|

28°C 31°C 34°C

30%

60%

90%

3-14 Effect of Ta, RH on changes of saliva- « at 556mins through

multiple comparison(n=6).
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3.4 & =

MNMEIZIN 2 BTk 2 IR RIS T D72 DI2, M bRE LN TSI, R
RNGWREN L TRHYIERES L, FHRFOLE (EEL) Ok GL§) 2o
AERROSE LTEND, TOEKKISE B - ERET 22 EI2E->T, TORIE
WCEDAPVAZFMTHZENTED, A ML AZEEFMT 2 FEOAEITITKR
SRR =N DD, TH, KK (EEG) | Mijts., mE, Lo nER (ECG)
R EOYBEEHNFR, o, Mk, FEKR, WK, R EOEEF TV EEN
W E IR L %2 W DAL F T B R % IR UICiR A < fEbh TWn o,

AWFZE TR, AMEIZEZ DA L AZET 280 H T, BREEEEE ORI, i
REMEN NMRIZKIET A ML A% BREMREREWERY I 7 —BIEEFRLVE S OR
S BRRE L7z, BRBEIRE 28°C. 31°CE 34°C, ERBIWE 30, 60, 90% L #lAG bt
TE 9 RIFO BRI B E ZRE L, OHEH (LER) . DB LOMERT T
—BIEMEEZRIE LT,

BRHRBICBRBE SN, ROBURICERAORELZ T HMEEME L L QIR E
DDIEPER SR TWD, DB OB A AR & O iR A2 & e (RERRRE) O
X A2 T THEY . REMEORBIT, WEMKEHON—2 A =7 —fldo B FEE
HE AN S, 200 DEIN 5, W8I A AR ORI OMmE AT
SHL WELT, BREMRROR PLRIEEL LTRAEbh TE, L6 5
4B 1D OFFFE T, KIR 28°CLL T CIRIRE QBT X 2T AR L Ly,
0CLL I EE L CRIBIC K 2 0HABOMMPRER TH D L RE L TWVD, A
JECIE, AT & EBRK T RO D71 34°C - 90% Tl 9 [\l/43, 31°C - 60% Tl
6~7 B/ DRREOHMZR Lz, ZOO0HMBOEFIZOWT, KRS TH DK
JEIR O EFATE D B JE Mk O X 5 RM~O MRS E D . §#IRE i & 203
T5ELENLO—FEHHECKT E & HIZ, KNI LHEOEME T3 &&
ZH5 5 QIR 3ICTHIMEN S T EANEICFEkLERANE 52D Z LN
RENT,

DS & A VTR B S B3 2 e TFgE <. BN S 0E 20 SN F 7o E X
EVIE D 23R K OV R O UT /N S < 2 H AV R S v, R A R L
ZRREIZ D D & & L AERDERKISZ R LTz 2 & 23 Lz, Sollers b 2V (% 35°C30
SO ZEBAMICE W T, LHAB HF% DA ERIET & LF%OAF B ER 2580, &l
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RIEMRIEE) OIR T & REHBIEBHOLERN D -T2 L2 MELTWVWD, Ez,
Kinugasa, Hirayanagi®’|Z & % &, 18°C50%. 24°C38. 3%, 40°C14. 9%% U} 60°C6. 5%D
FNENOREEICHEE LR, KRS &IRICW I 24T HE IR L. LE/HF 1%
EHRAHEAERDIZEV D, & 5T Yamamoto B %) PLiE 2 B ER BT T 1 BEE %2
Hth . 25°C44% & 3T°CT5% D 2 GoAF IR TR EBR 21T o o i R, 25°C44% Felth T DR
AR ICB W T O EBNICABEREZRD RN o723, 37TCT5% DOUEFEIZ B TIE HF
DI LE/HE OHINMCAEAEZH D, FAA P L RCBNTE, AN LY K&
HAEMRICEEL 52 DN D LT 5D, UL EORT, HHA ML AL
[FARIC . BREGIRIEEE 25 i 1 AU R B A A R I B 3 Il S 4u, A JEA R B 23 (e o =
NDZLERMBLTND, DIEBO & EEEA . HF B &, Dl ik oo @28 g
e - DB B R OTEENFRAE & Wi, TOIEENIE £ 2 &, BENOEM~DAIK
A& LTRSS AL, £ 0, LE/HF (555 T 5 ARG B 3 @ £ 5 &L AT,
BRIRIRIBICM > TV D LB BND, Fo, DIAEILE OB & IR (K
EMFE) OFHFI 22T TR Y | RIS & 2 W IEE] 2 A 8 O 7EEE T T
HES DIUE SN, Z OW OHFA T LB LR TARORS W, K
WFZEIZ BT b BR R 30 43 IR O Bl 2 AR RIS BRI EE O EFIC K VRT3 2 %
L. IEAMRIEENITIEIRE O R X 0 K L, SEATRFSE & kR, BAX b LRI
X R AR RIEE L LD LR/ EZMERT DL LN TE -,

H S 0E 20 | BREDIRE ORISR ZIT R 5 B AR K OVE B R O B & 1 % 7z
DIz, HAFEZHKLEAKITRT, EREZITV., BERMAREEZH A, RIE, &SRR
WMONWTNIZE > TH, Dl EI A2 AR RE XN H S dv, Ak REpREIZTE L, O
HRCRM T 1 B R LR e R Ui, Z OIS, N S 5US E ToRRI Ik

ZHEWZ L KR, BBEREMOELHICE > THRELFMOKISNE STz Z &

CRIRFAE RO TIE RS, KT B b 2 A LT, L L, AR5
TIiX, REATRI Tl e <. 2 OBEIC X 200 R AERKISH £ T, RIRFHE K
JSIZ LD BEMREOBE NI O TND EEZ BN D, AR P TR EFEKIZ XY 5]
TR ENDBBMREGED/NEZ — 2O Ti#H U TW 5D, TR & v B Rg A2
PRIEEN S NH S, IS E T 2720, PR EARRIEE 23 U+ 2 &Rk~ 7,
TG, RAIHIC X0 B g A A RRE 8 23 i S A B g A3 HRR U C R E IR 0

D BB MR E S, BITAE Z %, ZHUSx L, #E5A9IC PO @I A2 epf

P
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EEME T, ZEMRIEE A E D, OHED LR T2EELZLTWD, AHFFEIC
WTHE2ETH, IRIBEDO EF ISRV FIR X ORIT M L RER 72 22 AR
JEoRH— s bEZ VD, F72, Tamura & Koshiba®)ld, o5 FICHBRE
RBEL, WTHORESRMETH, BITHZ WP REMRIEE) O - H & ORIZ2 e
RO T EZRBOTND, T O XD ITIREF W EORIHIC X5 B HEMEDKIGIZHON
. IR P R OB R R ARG L3 il - AN E LB 65,
ANED A b L 2R AR D ARER R AR E, BUR F#— FREK— 8% BB R

( hypothal-amus—pituitary-adrenal ;HPA % ) MK O &2 & #h #% — B B 8

4\\

N

v

I3
l}ﬁ\

(sympatho—adrenal-medullary;SAM &) & Wb b A ML ARALEVIEEREZN LT
BHEENVEL DLW (ZVF =R T 2T V) X0, TORMEITHED ME LA
BmBEEO ERARLE LTEHRS, LMo TREk, AL HR A N L 2DFEE L
LCiE, M, REOMERTOAT2Z7 I varF Yy —LoflEIC LY FFMiSh T
X720 0 Lanl, BRLOBEMEEZ X R L RCHTDISEHB A E N2 ER KA L
ENTE, —FH, BERT I 7 —BiE, ZEMBROREICLYEIBRE» W EN
5/ NEERT Y CRLEYOEMICE DR OOT X7 —PEROSW L, &
JRARAR O EEMRIER 2200 2 2 RN H D 9, AR O BEERIX, L'
ER X D TSN R D, X ATT 4 TR A NV RAZZT 5 E8MNT 5 202

Fig. 3-15 (T/R T K D ITHEIR T X T — VL, ZREMRE—RIBHE R (SAM) . Teb b,
NIRRTV ORI ESZ T RN S, EEMRIERIC X DR S AET D, 1
HolE, ZORZBEMEOR LWEEE LT, BERICB T Do - 7 I 7—B5W (HE
w7 27 —BiEM) ICERLT, WEREmRAL LTHWD Z &2k, e, A
REROIS, LV B HICHER T X 7 —BIEMHZ2 o T 2 8 N0 MR 7 X 7 —BiEMES
Fro@ a2 0% L o0 0 Dok, MR T 2 7 —BIEMEITHi 727 A F L AKRLE VHRIE L
LC, JRHFCRAMIE SN TS 279 [ B\ 5 %0 (3, 77— BRI L 5 iEis A
FLZDFFET, BEH, R A R L RICE - T, BKT 7 —BIEMHER FH3
HI L ERMER L, £, KWE, NE P X, TI7—EBEMHONEIC LD A ML A
DEFKRISFICBET 288 T, YR T ORFFARIC LY 77 —BIEER EF T2
EHE LT, ZOX DKM RRIRIC XD A N U A Z R LIRSS DAY,
AT K 5 IR ORBE ORI X HMIRT I 7 —E A b L ARS & HE L7
70, IRE 28COSGAE, BMBEICLL2T7 I 7 —BEMED AR, §iE L 1Z
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FREICE EE o7, 2L, WEN EFT 312N THERT I 7 —PIEHEHEO
FENRBO LN, 3MCIC b L fiELY 2.5 2 FEHML -, WBEIZOWTIL., 30%

DEAEIL, TIT7—EBENEZ ST, 60, 90%IC EHTD L, AIELD 3{FIFEIC
FBICERLE, 2oz licky, BEREE, HICHETOBENAEKIZA FL R
AMaE 5252 N, BERTY I 7 —PEHOREHBEICL VO NCENT-, EERT

T —BIEMEIE. B A ML AORE LT, REREBEICEBWTYL., 8
BEL720 2D ERRBaInN, ZOR, AL OHERT X 7 —EB{EEOWT

., EEREMTE 30 RO FEICEE LT T-01IZx LT, 55 JKEIZ BN
BRE Tl e holc, ZHIZHOWTIE, MRRADOKRNLE L D0 T L 0 B I s
THEDEEZ LI, BEEREE 60 o RBRE CIX. WK, IRV, RE~DIEL L

WCEOBOEPRIR ALK RD eI, RRFHEFPRE~DOREIC X 2 B
R, MER T X T — BISHEOABEFIC O W TR, A%o#EE LTI,
ZZET, REIREENS NMEOKIRFESOS, BHEMRE L OMERT X 7 —EBRLE
VIS~ DEBE A LS, B2 ETIE, BARE T CITA RS ICABETICRER
TR L2 AR IR RKIR SR IS BT DA L AD—oDfEHE & L CaEl &z,
ZOERBULIEREKEIIZEREORBEAHE, AMEORBEK, NMRrEELHZL
W BN oTz, 22T, RETIE, & 2 ZEOMRRFGE S, LEOS L, HEM
BEOFRNLEREDOBREMD IO, FEHABOHBEAZ KDz, Table3. 71255
WIZMBITTH A R 3, 2 CTld, R (LF/HF) | BIIZS &A% (HF) K OV 7 X 7 —
BIEPEITIRERE 30 pE DT — 2 2 Wi, RITRT L O, BITEE L LEKD#EIX
JEARRE, MERT R 7 —BIEME L ZE 4 0,946, 0.904 £ 0.910, 0.958 O @&\ FHBAE
R LTe, BIEKDEIZAEORNRE, WHEEOXRERTHD Z LR, A ML RS
BEOWERY X7 —BIEMEEOEmWHEBEMEIC L VB 6 S e, ERARNZE TiE, HE
W7 27— BEMITRE L VBEIC L 2B AEICZ T, Wm&E ORI T 0.842,
TR L 0.9656, RPELE 0.862 OEWAHBMEZ /R LTz, WER Y I T — BIEMES Ha
72 A ML AD R LT, BEREEICL D2 ZBHA ML RITxT 2 K80 72 3 F M5 15
LR DB ENRBEINT,
SBRITFE2EROARREZLZ LR L LT, EROFBFEN NMEOKIERE ., B AR
VHRNLVEVERBICEDL D BRA NV REEZ 2DNIOWT, ERAICHN, ML
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Fig. 3-15 Relationship of the transmission control system and stress.

Table 3.7 Correlation coefficient among physiological responses , HR, HF, LF/HF and Sa- «
and psychological measurements.

Tre 'i‘sk SR WL Smois HR HF LF/HF Saliva-a TS HS CS
Tre 1.000
'i‘sk 0.693% 1.000
SR 0.708% 0.772% 1.000
WL 0.314 0.841%% 0.547 1.000
Smois 0.640  0.686% 0.934%* 0.391 1.000
HR 0.845%% (.845%% 0.815%% 0.490 0.840%*x 1.000
HF -0.512 -0.683% -0.409 -0.378 -0.573 -0.723% 1.000
LF/HF 0.746% 0.866%*% 0.946%% 0.587 0.910%k 0.9251%%x-0.596 1.000
Saliva-a_0.682% 0.670% 0.904%* 0.315 0.958%*x (0.878%% —0.510 0.915%k 1.000
TS 0.662  0.872%k 0.920%% 0.687% 0.883%x (0.890%*% —0.589 0.965%* 0.842%k  1.000
HS 0.617 0.643  0.906%* 0.329  0.982%x 0.853%*k —0.549 0.910%* 0.965%k  0.889%1.000
CS 0.616 0.745%  0.970%k 0.580 0.888%% 0.786% —0.342 0.935%x 0.862%k  0.948%%0.896%* 1.000
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T2 KD ME LT, BB REREAL O R RIS Table 4.1 (TRTHY TH D,

Table 4.1 Subjective rating scale of comfort, thermal, humid and sweat sensation.

Comfort Thermal Humid Sweat
0 Comfortable 3 Very hot 3 Very wet 0 No sweating
1 Slightly 2 Hot 2 Wet 1 Sweating
uncomfortable 1 Slightly hot 1 Slightly wet 2 Break out in
sweat
2  Uncomfortable 0 Neutral 0 Neutral 3 Sticky with
sweat
3 Very -1 Slightly cold -1 Slightly dry 4 Sweat flowing
uncomfortable -2 Cold -2 Dry
-3 Very cold -3 Very dry
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Table 4.2 Result of physical properties of materials.

Omm 3mm 6mm 7.5mm
Porosity (%) 0 2.0 8.0 12.0
Air permeability(cm3m?2sec) 0 17.7 65.1 108.7
Thermal insulation(%) 10.0 9.8 8.5 8.6
Moisture permeability(%) 0 10.0 23.3 25.2
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Fig. 4-4 Changes of humidity and heat flux between hot plate and film during

experiment in the case of Omm air layer.

M
- \
f \

o oy \

-

1200 1800

Time(sec)

2400 3000 3600

2500

w2000

Wem 2
=
[¥y]
(=]
(=]

Heat ﬂux(
8
(=]

8

0 600 1200 1800 2400 3000 3600
Time(sec)
—0mm —3mm
—6mm 7.5mm

kaa“

0 600

1200 1800

Time(sec)

2400 3000 3600

Fig. 4-5 Changes of humidity and heat flux between hot plate and film during

experiment in the case of 7mm air layer.

Table 4.3 Result of skin model test.

Omm 3mm 6mm 7.5mm
RA(CC m2-w)
air layer Omm 0.014 0.015 0.013 0.011
air layer 7mm 0.025 0.024 0.016 0.014
Re(kPa*m2-w)
air layer Omm 1.484 0.717 0.399 0.214
air layer 7Tmm 1.223 0.514 0.153 0.108
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DEEZEZ  BITEICOWTITER AN 1%OFEAEEZ TR L, LI OWTIAE
EDRRO LRI,

Table 4.4 Result of analysis of variance in temperature and humidity clothing
climate and physiology responses.

F -value
Factor D.F. Temperature Humidity Ts SR HR
A 3 5.22%* 15.97%* 2.39 17.54%* 2.19
B 2 23.16** 9.66%* 6.46** 0.51 0.04
AxB 6 0.38 0.38 0.09 0.16 0.13
Error 72
Total 83

Factor A: pore diameter, Factor B: experimental stage
**p<l% *ip<6% significant difference

(2)  KIRPHRIEE

B ORER & A ERO KRNI E ORERF AL & Fig. 4-6 (2, Fig. 4-TITRT,

b5 A AR PRI BE DR FEZE(LIT Fig. 46 D X 5 TH D, KIRWIBE L, fLEROE NI
KDERB LR o T, KIRWEIX, 7 AD D HIZ 5 AT, FLAIZ XD KIRMIEE O
EWRRO ST, L2 LOKIRMIBES &S & <. 7. 5mm (35 bRV MEF 25R S 41,
3mm & 6mm [IHEBRE T L o TEDENRER S TND, 7o, BEUTHE D KRN IR E
DX T AT R TORERE ORERDN D H BT,

Fig. 4-T |2 EOKIRMIRIEE ORRE(b A~ $, M & Rkl im s Sz, 4L
RRIZ K 2 ARRINIELE OB Cld e —JF . KIRWIBEIZS 2 28N L0 HfETH
o, L LAnn, WE 2% & EEUTME ) KRARIBIEE DK T IZ oW TIE, #ir
FHC, B GDO3IADAHRHLMIRENTE, ZOZ i, MERIXEEEIC B mE A
W, RIOEEERELZTEEBEZHND,
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of each subject during experiment.
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Fig. 4-7 Changes of temperature and humidity 1 inside clothing n the back
of each subject during experiment.
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Fig. 4-8 Changes of temperature and humidity inside clothing in the chest during

experiment (n=7).
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Fig.4-12 Changes of skin temperature in the chest of each subject and

mean(lower right) during experiment.
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Omm Max Min Mean 3mm Max Min Mean
chest 35.91 304 34.13 chest 36.69 30.07 34.25
back 35.14 32.66 34.16 back 349 29.64 328

6mm Max Min Mean 7.5mm Max Min Mean
chest 36.64 3241 35.34 chest 35.92 33.05 34.39
back 36.47 33.94 35.36 back 35.69 3345 34.49

Fig.4-13 Changes and distribution of temperature beneath film cloths

by thermography.
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4-15 Changes of sweat rate on the forehead of each subject.

- 108 -

3000



14

—O0mm —3mm
12 | ——6mm 7.5mm
— 1r
o
Q
L 08 -
£
~— 06 r
o
wv
04 r
'I, ir.' 'hﬂ‘# '.l I P r1'
O +_ UM l"uri".‘.’.‘* ';I-'*I-n.l' -' | b *i 'uL = _‘.&.‘\_,- J.‘l il st bl l’l "”'
0 600 1200 1800 2400 3000
Time(sec)
400
— . %%
=
= 300 s
b ki
= N |
— 200 |
- =
1] ™ w
T . -
z * |
100 . |
R ®
0 |

Omm 3mm 6mm 7.5mm

Fig. 4-16 Changes(upper) and Comparison(lower) of sweat rate on the forehead.

(n=4) *:p<0.05 **:p<0.01 significant difference
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Fig.4-17 Comparison of Heart rate (n=7).

* 1 p<0.05 **:p<0.01 significant difference
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Fig. 4-18 Changes of thermal, humid, sweat and comfort sensation (n=7).
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R: resting W: winding  Re: recovery Ud: undress
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Table 4.5 Result of analysis of variance in sensory evaluation.

F - value
Factor D.F. Thermal Humid Sweat Comfort
A 3 0.93 10.30%* 8.11%* 6.94%*
B 3 35.01%* 11.28%* 4.07** 36.03**
AxB 9 3.10%** 1.05 2.14* 1.81
Error 96
Total 111

Factor A: pore diameter; Factor B: the experimental stage

**:1p<0.01
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4.4 & B

KROPFEEZELATL2ERE L THERMBOZRENEETH L Z LIZEH D
BCThD, Lo LERMEOGEEE, MEHERE O 2260 2 08 U T O IEs & ik o & o
WHBIZ L DD LDORETHLILD, WMMEEMZH NN TEIR OB O
RERET D LIIRETH -7z, AT, REEBEICEL LT 4 0 SRR
ERVWDHZ LI, WHRREEY & SR VWKROBBICRE L, [ILEOLE(ILE
DB, BREDPKRNCEICRIETZEZRFLLO &ER T, 22 TE, AF
VETNMIE DY I ab—va UEROMR L NMEEMERICE A - LU
DFERZGDLE T, 7 4V ARROB R - KD BB O KRN TR RIE TR
DWTELEEZMRZDHZ LT 5,

Table 4.6 1 4 ORI T 4 NV LAFEMOKILE, @RE, RIER, ZlEE, AF
ET MLV RO LN ZBLGE - ARG, BRI, BLO7 4V 2K
MR ORARMNILE . KARNIRE, T &, OMEBMHEOMETIITH S,

RALFE LR - SRIR R - B R M I3RS TR O FEBIER SR, 0.998, —0. 954, 0. 963
DRI, BROZ LM T 4 )V AFMOBEKME « RIBME « F WML EE K
FTHZEBTN5,

Table 4.6 Correlation coefficient among porosity(P), air permeability(A), thermal
insulation(T), moisture permeability(M) of the perforated films, and the results
obtained by the skin model test(Rd. Re) and physiological experiment(temperature
and humidity inside clothing, SR and HR).

P A T M Rd Rd Re Re Temperature  Humidity SR HR
(Omm) (7mm) (Omm) (7mm)
p 1. 000
A 0. 998 1. 000
T - 0.954% -0.932 1.000
M 0.963% 0.944 - 0.972% 1. 000
Rd (Omm) - 0. 840 0. 859 0. 752 0.674 1.000
Rd (7mm) -0.990%% -0.977% 0.987% -0.983% 0.796 1.000
Re (Omm) - 0.895 - 0.884 0. 855 -0.953% 0.521 0.896 1.000
Re (7mm) -0.874 - 0.857 0.863 -0.956% 0.473  0.890 0.995%x 1.000
Temperature - 0. 368 -0.361 0.304 -0.513 -0.137 0.363 0.738 0.743 1.000
Humiditr -0.797 - 0.786 0. 754 - 0. 886 0.363 0.800 0.983%  0.982%  0.8b0 1.000
SR - 0.885 - 0. 866 0. 883 -0.966% 0.491 0.904 0.992%% 0.999%x 0.716 0.973% 1. 000
HR - 0.680 -0.691 0. 543 -0.722 0.301 0.637 0.893 0. 865 0.893 0.936 0.842 1.000
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W=7,

—J . AXUETNVICEIT DAERBBIEG Re ERAEOBBKRIIZEREOFRIZED
5 FAHBIRE—0.89, —0.87, BIMELORERTITI HIT—0.95, —0.96 &R T
<, BRENT A VLEKRDO Re ZIREL TWNDH I ENRBINTZ, Fig 4-19 104
TANLDBERE, BRELZERER - BT TRD Re DBRE R T, WTALDOEKM
FTTHBEBBEOWN & LT Re ITHEIMBEIBAITIR T L, ZO%FHFI130.94, 0.99 &5
WEZ /R LTz, L LESEOREIT RD & KRS, KR FZEREA O F 2372 LICHA~
TRe W/NERY . 7 4 VI &R &R D22 K& DAELEIT L > THLH - kPRIl Lk Bk
DEBMMEEIND Z ERREI T,

— T HRAE L IC B W TUI BB B) & KB EITAHBLAIA K Y 2o L b T 5,
AT RS O Z < BFREFR 0.5 LUTF, 20 baKE 0.5 U LLBO THVER
WEICH D LICHRT D AMERICEBT D2HBIIRERDO T 4 VARETH D720,
KB HBT ZHEEILEA TE RN ERRENT, BHRIE TV BB #E RS A
FAY— RIS R 72 Sl W CERGT & A BRI OB A ME L TWDH R, 2
AU Z AV IE B O Mk R T A OMBEMERRBO 5N b DD £ ISR EIEED
METDHAITIT R HBEERRD STV, KEFFEO M X #ER 2 & Of%s
WHEIT2b0EE2615,

FRHERIZCB T H2KIRNIBEIZOWTA DS &, AE, BRE, RIEE, SlED
WTALE OB 0.30 205 0.51 FREEIC & EF V| KL 23 AR PR EE D TR AR
FERE TR TRy, FELAFUETILTRD L7 Re & OFBIIT 0. 74 & LBk
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HE, TUHARBREOBEIZOBR R sTmbD EEBEZ LD,

Flo, FOABERIE L WO FET, IR ECHEMAE L —LUHETE R o
g FRm & KRB OIREZELE, Y—FE7 T 740 2H0D T LIC XV EKRFEOEK

AL LTBERTHZENTE R, Y=/ 774 DBEICLY., IRICEDRLTY
LB, LY EFICRDIFERENLVENVIENR RSN, ZOZ EF, AK
RO DOZEREIZ K 0 3234 UL 225N B LT < kol B HND,
HIEDAEL D2GE RIS TFIEIEMICH E Y 09 <. 2O, MEH OIRE o
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Fig. 4-19 Relationship between Rd and air permeability (upper),Re and

moisture permeability (lower).
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5.1 #

PR 7R KR &2 BT D 72 iE, NMEEBREEDRI O, Ky JOZELRDOBEN A T =X
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2 b= g VEEBE A AW R R STV 5D, JRE S 10710 3 KRN 2 2 L—
a3 VIEEZ BRI U, KIRFM DKy & BURrE 25 8 L 728 Dl O & M 2 3k 72, |
& 2T FPRAR DB « ZKRBERPLA TN D720, —~ /b~ 1% & HV BRI
L7z, BEARD BEY—~ /b~ 3% & AW CTYERAANE A 5 ALE ORI, K
ARG~ DR & It LTz,

AHFFEDH 4 FTIE, BIRMEIOBMES Z PR 272012 RBRBICZRIL L2 7 4

il

WV LKIROAEHFEREAT - T, B L KRPIBEDBRLE, A% 7 /M E > TRD
BT BREL & ZRFEPRPLO KRR E TR~ DFEIMEFE LA S NICT L ENTE
2o T ORERZE — R OMHERLL O EE & BREATT 2 72D I2iE, A B 0RO B IR A
—MRDOABIOENE EOREHELU L EORETRBM L2 D TH 0% R THBSLEN
%, I T, REIZBWTIL, SR SIAETH DM L. BILRBIRIE L DY BRI
AW LTz, £l AFUET T XD RREBEOAM &N A, MHE 7 & REIREE~
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5.2 EBAZE

AREHIIEEE 4 ECTHWZILT 4 VA 4 NS, MRk Y B OBESS, EX DR
2K PERGHE T 5 B /5 100% 0 5 30BHC1~C5) . BUKMEETH SR Y =25 /L 100%
(P) D 6 5k (P1~P6 ) ZNN&x 7z 16 B TH D, B OFEILE Table 5.1 1T~ T, H
EHEE X, 54 3 & RIS AR EER & A5 T T VERICHT TTo 72, FARME
Tho, BRE, RIEME, BEROM, 105 TIERIEME, Wk, SR 2lE LTz,

5.2.1 HEMMmDYHERER

AR LEEERIGEICEL, BRBRLERREN v FELEL-T, BREZ T 7 V—
N BRERPEIC Lo C, RIREZ ASTM ARIEMREEIC X - THIE L.

Fro, PRI OV T, BB 2 T O Pl L. 20°C, 65% DIERER = £ 72
20°C. 95% DT v —FZ —DHIT 24 KHHE L. PHRREEIC 72 o 7o 50BH O W & &
W, 105°C DHEIRE TR A MG RCIRHE £ CHME S W7ot iz E & Wo 2 MIE L7z, i)k
HEDAERT IR B3 2 WKy DB R, D F WK EEAZ RO TRD T,

K5y H= (W—"Wo) /Wo X 100%

WARPEIZ DN TIE, Fig. 5-1 128 LT 5 HAT &/ NEASBRAE L 7= WK Sl e 2 R
FERICEVIE Lz, BUTTRT L 9IS, KIEBOPFIZERDKEZ AL, AT —YCD
EFICEY | RE SN A Z AR oKD m, 5 FPRIIRIE L 72 RF Dok
BAHE LT,

AHLD G HRITATHD BT OEBENICE ENHZEZL[OFEGETH Y L FORTRD
72

P=(Va—Vf)/ Va

ZIT P EREM® . Va: MO RNT OEEE, AR TIE, AR S & HALHE
B RV RO Tz 2 em® ; VE - ARHIOHITE F 40 5 Mkl S E OIRFE 5 VE=A 1 oD 5 /il
DEE e’ TH D,
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Table 5.1 Physical characteristics of samples. (C: cotton, P:polyester)

No Material Construction Density(Number/cm) Thickness Weight
(Warp X Weft) (mm) (g/m2)
C1 Reversible Plain weave 101X 72 0.388 235
C2 Oxford Plain weave 65Xx14 0.350 167
C3 Broad Plain weave 55X 39 0.199 107
C4 Double Gauze Plain weave 43X 25 0.532 150
C5 Mesh Plain weave 42X 27 0.326 105
Pl Doeskin Twill weave 61x41 0550 244
P2 Shantung Twill weave 85X 35 0.228 113
P3 Satin Twill weave 95X 40 0.257 142
P4 Satin Twill weave 99X 46 0.257 92
P5 Georgette Plain weave 48X 39 0.251 85
P6 Smooth Plain weave No Detect 0.324 142

Fig.5-1 Construction of an absorbent system.

A: sample, B: water tank, C: stage system
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E LT, 7o ikBtof R et LT,
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Fig. 5-3 IZIRIRMEDRERZ R T, 7 4 LV AARIC K D RIBEMEOEVW /NS IZ
X 8.5~10% ThHo7DIZkt L, HDOEGEIX, 74 VA L0 KREREEZRL, &
BHif CHb R&E EN RSNz, RIBMEORBE WL OIEMHO 4 THY , KbiK
WHDIERY T AT NADP5, 8.4 ThV ., 7 4L EIRIFRRBRRREL R LT,

FMHEIL Fig. 5-4 IR T X H10, BRELFERIZT 4 LV ADORIALENKE NIZ
EHFBMENRKE L7220, Omm, 3mm, 6mm, 7.5mm T %40, 10, 23, 25% CTH -7,
MM EHEA~D LB REW 7.5mm TH, AAHOD 1/2 LM 722 0o Tz, Al TIX
MERY T AT NVTIIRERENHLNT 40~50% DHEPHANIZ /54 LT,

BRARIT 60~80% D [H] DB R STz 3B C4 23 82% Tiie b & < \P3 2% 60%
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Fig.5-2 Result of air permeability of each sample.
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Fig.5-3 Result of thermal insulation of each sample.

60

50 r

40

30 -

20 -

10

0

N T T T, VR S N S
°¢®%@&%@iﬁ®®go@coqqqqqq

Fig.5-4 Result of moisture permeability of each sample.
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Fig.5-5 The result of water regain of fabric sample.
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Fig.5
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Fig.5-7 Result of water absorbed of polyester samples.
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5.3.2 RFXUETIEER

A F T IVERK R 2 BB SR E O O 2 X8 %2 Omm & Tmm (257
Tk 5,

(1) 2258 Omm DFEHR IOV T

HIE 60 73 IZ 31T DAL G & Rl OImE (RARPIREE) DR Iz D
T, 7 A VLB, fifi, R U = 25 LA OB % Fig. 5-8, Fig. 5-9, Fig. 5-10
IR T, RN EE RS & WER L 10 4 MR % O KBRARIZ X0 KRN
WETRBIC EA L, —ERHOEEREDOR, LR TR T LIz, 3D
FEIC K- TR D/BEP R ENT,

7 4 NV EERBHE T, AARICE D Z0EHOEEDD TRE N7z, HERE
HFVE BB 1 Omm > 3mm > 6mm > 7. 5mm DJEIC . FALF 4 32, 30, 28, 2lgm° ThH o
Too E£7-Z OMEFFRFRIT 7. 5mm THe b 7 <L 3mm X TR 261 £ 7= L 72 23 KR
IR BT, 72 omm (3EBRZE L T TIFBET IR AN o7,
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Fig.5-12 Heat flux between heat plate and cotton samples.
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Fig.5-13 Heat flux between heat plate and polyester samples.
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Fig.5-19 Heat flux between heat plate and film samples.
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Table 5.2 Correlation coefficient among physical characteristics, Rd and Re.

P : porosity A : air permeability Tm : thermal insulation
M : moisture permeability Wr :

water regain T : thickness

Film A Tm M Rd(0mm) Rd(7mm) Re(Omm) Re(7mm)
P 1.000
A 0.998 1.000
Tm -0.933 -0.905 1.000
M 0.954 0.936 -0.972 1.000
Rd(0Omm) -0.840 -0.859 0.752 -0.674 1.000
Rd(7mm) -0.990 -0.977 0.987 -0.983 0.796 1.000
Re(0mm) -0.895 -0.884 0.855 -0.953 0.521 0.896 1.000
Re(7mm) -0.874 -0.856 0.863 -0.956 0473 0.889 0.995 1.000
Cotton T Ap A Tm M Wr(65%) Wr(95%) Rd(Omm) Rd(7mm) Re(Omm) Re(7mm)
T 1.000
Ap 0.517 1.000
A 0.585 0.942 1.000
Tm 0.933 0.701 0.802 1.000
M -0.491 0.261 0.128 -0.314 1.000
Wr(65%) -0.016 0.756 0.562 0.104 0.786 1.000
Wr(95%) -0.164 0.644 0.457 -0.024 0.883 0.984 1.000
Rd(0mm) 0.955 0.713 0.752 0.932 -0.408 0.162 -0.002 1.000
Rd(7mm) 0412 —-0.256 -0.272 0.340 -0.093 -0.180 -0.174 0.153 1.000
Re(0mm) 0.628 -0.268 -0.199 0.421 -0.907 -0.688 -0.786 0.469 0479 1.000
Re(7mm)  -0.158 -0.921 -0.860 -0.323 -0.519 -0.850 -0.793 -0.398 0.489 0.606 1.000
Polyester T Ap A Tm M Wr(65%)  Wr(95%) Rd(Omm) Rd(7mm) Re(Omm) Re(7mm)
T 1.000
Ap -0.024 1.000
A -0.280 0.717 1.000
Tm 0.243 -0.712 -0.974 1.000
M -0.640 -0.366 0.079 0.017 1.000
Wr(65%) -0.958 0.219 0.374 -0.350 0.645 1.000
Wr(95%) 0.024 0.165 0.558 -0.723 -0.224 -0.102 1.000
Rd(0Omm) 0.780 -0.585 -0.727 0.753 -0.198 -0.807 -0.294 1.000
Rd(7mm) 0.267 -0.582 -0.965 0915 -0.258 -0.371 -0.553 0.618 1.000
Re(Omm) 0.428 -0.716 -0.760 0.839 0.054 -0.532 -0.576 0.800 0.694 1.000
Re(7mm) 0.299 -0.391 -0.917 0.890 -0.324 -0.335 -0.633 0.576 0.967 0.589 1.000
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