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Abstract

In the field of fashion business, importance is attached to the fashionability of
clothing as a means for expressing aesthetic sense and assertion. In recent years,
environmental problems such as global warming and resource saving have
emerged, and people are starting to pay attention to fashion that emphasizes
functional aspects such as sustainable fashion and safety, security and comfort.
The Ministry of the Environment promotes "Cool Biz" in summer and "Warm Biz"
in winter in an effort to reduce the greenhouse gas COg2, which is considered to be
an influential factor of global warming. It is a campaign to actively wear clothing
that can be comfortable in an environment of 28°C in summer and 20°C in winter.

The purpose of this research is to investigate Japanese businessmen’s awareness
of Cool Biz now, with a view of promoting the Cool Biz movement more
aggressively in the future. It will examine its effect from 2001 before the start of
the Cool Biz movement to 2011, 10 years later. In addition, it predicts the climate
adaptation zone of the Cool Biz suit marketed in 2010, using SET *, which is an
evaluation method of a comfortable environment, and the expression of Mecheels
and Unbach, which is a prediction method for determining a comfortable climate
zone. The study also aims to explore issues that need to be addressed in order to

ensure the continuation of the Cool Biz movement in the future.



This paper consists of 6 chapters as outlined below

Chapter 1 Introduction and Literature Background of the Research

Chapter 2 Consciousness Survey on Men's Summer Business Wear

A questionnaire was carried out during a two-month period, from September 2009
to November 2009, on businessmen in their 20’s to 60’s living in Japan.

As a result of the questionnaire, it was learned that many businessmen commute
to work wearing a jacket or necktie. They feel compelled to commute wearing
formal wear because they care about their colleagues and the people around him.
The climate adaptation limit of formal wear was 24.4°C, and the cooling set
temperature of 28°C was suggested to be a hot environment for businessmen.

While consciously welcoming Cool Biz, depending on the office environment, it is
difficult to dress down any further, and the suit proved to be an indispensable item

to bring out a "neat feeling."

Chapter 3 Change in Wearing Rate of Clothes in Men by Season by fixed-point
observation

Using the fixed point observation method by photography, changes in the
wearing rate of men's clothes were investigated and analyzed for one year from
June 2011 to May 2012. By comparing it with a similar survey in 2001/2 before the
start of the Cool Biz and Warm Biz movement, the authors tried to verify the
reproducibility and validity of the fixed point observation method and grasp the
effect of Cool Biz and Warm Biz.

The relationship between the wearing rate of each set of clothes and its seasonal
change was clarified based on the seasonal changes in clothing type, and the
change of wearing rate according to the temperature.

As a result of using the ASHRAE recommended temperature index SET * comfort
zone, it was found that a climate zone above 25°C is out of the comfort zone. It was
confirmed that clothes which exceeded the temperature index SET * comfort zone

were tolerated due to social norms
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Chapter 4 Dry heat / Evaporative Heat Resistance of Commercially Available Cool
Biz fabrics -Using a skin model -

Cool Biz suits (purchased in 2010) and traditional suits (purchased in 2007) were
used to evaluate fabric composition, thickness, and dry and moisture properties. As
for the composition of the fabric, company C uses hemp, but other companies use
mixed wool and polyester blends, although the mixing ratio is different. As a result
of the evaluation using a skin model, the dry heat resistance of each fabric ranged
from 0.014 to 0.017(°C-m - W) and the evaporative heat resistance ranged from
0.626 to 0.892 (kPa‘ni - W1). Looking at the results from only the outer material
of the suit, it was suggested that traditional suits are cooler than suits developed
for Cool Biz because the dry heat resistance and evaporative heat resistance are

small.

Chapter 5 Dry heat / Evaporative Heat Resistance of Commercially Available Cool

Biz - Using a sweating thermal manikin -

The dry heat resistance of the garments ranged from 0.19 to 0.33 clo, the jacket
having the largest clo value, followed by the short-sleeve shirt and the trousers in
that order. The results of the evaporative heat resistance of garments ranged from
0.0035 to 0.0063 Re. The value of the trousers was larger than the jacket, so the
humidity of the lower body was estimated.

The dry heat resistance of the ensemble ranged from 0.76 to 0.84 clo and the
evaporative heat resistance ranged from 0.0095 to 0.0118 Re. In terms of the dry
heat/evaporative heat resistance result of clothes, the effect of Cool Biz was

recognized because the value was low.

Chapter 6 Summary

The chapters are summarized and further areas for investigation are suggested.

As mentioned above, many businessmen have accepted Cool Biz and the current
transition to wearing no jacket or necktie was confirmed.
However, in the business scene, a reality exists that it is difficult to dress down

beyond a certain level, despite textile and apparel companies having produced new
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types of Cool Biz shirts, suits and so on. In this paper, as a result of investigating
the thermal and moisture characteristics of these products and confirming that
Cool Biz wear has improved, the fact remains that the climate adaptation limit
cannot reach 28°C if a comfortable wearing environment is to be achieved. It may be
concluded, therefore, that further improvement is necessary in the future. In
addition, Super Cool Biz etc. were also proposed, and further loosening clothing
norms of businessmen may be considered in the future as well.

The authors will continue to investigate newly developed Cool Biz products that
will be sold in the future, with the aim of determining the optimal clothing

environment for businessmen in Japan.
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Table.1.2 Examples of Cool Biz apparel from the Ministry of Environment
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1.2.3  PUBEBREL O

KMII AR A ERNC B, KA & JEORIZHAE (KIRGE) 2T 52 &1
Lo CT—HOREHRMEZIT> (A, 1997), NOEBEE AT HIMT & LT,
KA. K, K. BB OBREREKR 1. AMERIOSRME L L TOERE LIFHED
KFRn2F oD, MEZINOLDORFZEAIE L 50 TIE RS, BELz 1 50
WREL LT LD (HAN, 2004) 729, SR T 2/ AG O T kk ~ 70 iR 2R S 2 45
ENERINTWD, IRBGRGEEICBIT 2 ERKEL T EOMELX 1.1 [ZRT

(HEEN 225380 - #4152, 1997),
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Fig.1.1 Relationship of various quantities in thermal environment evaluation
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Table.1.3 Thermal index and characteristics
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2) AEROBHEGT (clo i)

1941 4, Gagge . Burton & Bazett |21V, #&HMiE b WEEE & AMSE G
HBIIHND O TELEMEM E LTRESINZ DO T, “AR 21.1°C, WE
50% (RH) LLF. &t 10cm - s DN TREFFEN OPERFE A PR TV Hi D
EOKROURIEI % 1o L35, "EERINTND, TLEL, ZOFRMFICHET LR
W OFENEEIL 50keal » m=2 - h™! (1met) THh b, Zilx 917 T Winslow, Gagge &
Herrington %7 v —HBAIOFEMEL ATV, KAROBIRGTIT AR 1 D225 D BT &
KIRZE DL DOOBIBLOFTHH Z & 1clo DAROEIESUIL, 0.18C - m2- WL £
721% 0.155°C » m2 - W OBRHUTHHYE § 5 Z L 2R L7z, BIE 1809920 : 2007 i
BREL D N LB KOG & A IBHIOHEE—TIL, BHAKREB L OHAE D
KROBIBTOHNAL E LTelo Em2 - K+ WINGEIINTWD,

ZOHMIT, KIRTELDA TR SO EENTEY , EXK LI ADOFEERLFEIR
ITBENRREH 7 OEERICOEEE T 5720 T, HRKLTWRUWEDES D
JEIRIZ K > THHELZITTWNDHZ &5, clo BERATIX, AREZEHEE fl
FEIRIZ % BAALRR A S 72 V) OZ2KWEVE la OZEBIBE S TVRY, D7D

BETCIIBEROBIG 2 LT RHELNN L OFEEL TV D (1IS09920, 1995),
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O SET* (FE#egrA7hEE : Standard new Effective Temperature)

Zef OB 2 S 2 & LT Gagge HIC X VIR SN -EE T, E8IT TR
B 5 X OV E N EAEBR IS B b 0 LRSI/ 5 K 9 AR 50% O TE
BEORKIE] THY ., MRERAERET VICE2BUCKGERICE W EH SRS, AR
REAERET VIE, AMEZ 2BORICEHEE L2 ) — FETAEZERE T 203, o
MNEETNVEFHE T 0 7T MIAIAT Z EHAHETH S, FHICKEZ2REE B IX,
SR, FEXHEEE, G, PHRERE (MRT) THh525, SET*OHHICIE AMOH
KELRBMEOANOMLETH D, kB, FERGHRE L iX, RO 6% T
D EVE SEEUE L7250, JABREOFERERREZ S 5, SETHIE PR
B, FIA AN, WERE & OBRBRIERN R o2 Z EREM I TWD (RESE -
2013), ASHRAE E¥ERNR(SET*) DM 2 X 1.2 L FEHEAZEE SET*OR 7 =

Fr—bzK13ICLHT, GEEREAN  ZXEM - fE TS 0 1997)

Fig.1.2 Standard effective temperature (SET*) diagram by ASHRAE
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AEBE DR E
tps = tas « Thy =50%
[vs =v. M=M, I, =1y ]
as X
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Ve ASHRAED R v
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[MSZM\ Ly, = AR ]

IBURERSE (x=ty, DL FARLETS)

ta il (C) DRY F T SRE AR (W/m?)
rh FAXHREE (%) Eg. B EAER A (W/m?)
P, AKZESUE (kPa) Hg, AR (Wim®)

t, Ju—FRE () F. FREIGE (ND)

t, SEE IR (°C) Fpa HREE (ND)

v JEHE (m/s) £ HATRBENZE (ND)

M L (met) w He L% (ND)

h, SHEBMEESR (W (m2C)) te AR (C)

h, B EMEER (W/ (m2°C)) tas EERBS AR (=x, C)
h BABMEER (W (m2C)) Py tad 21T AR AKIE  (kPa)
Ia FEHLA (clo) P, St S B BMRKESUE (kPa)
i1 AR B W (ND) T s FEEBREE O

Fig.1.3 Calculation chart of the Standard effective temperature (SET*)
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@ PMV (FHEE G 45 Predicted Mean Vote) &

PPD(F IR R4 2 Predicted Percentage of Dissatisfied) f54&

1967 EI2F v ~—27 TRRZ 0 P.O.Fanger #E 2V e e RE L, s
FERUTER, FRRSHRE . AR, PR, AR, FERED 6 SOHEHENEH
RAEFMT 28w Th D, PMV FEBUTAREIRE Tl3e <. BAEE T2 B % R
S TWD, 1994 4 ISOT730 B2 72 o 7=, PPD fa¥UF N3 E DERELITRE L TV
FNPOFREERT BT L, P HRE 7 BRI R IC X 2B TF 1412

77, PMV & PPD HHAUTILLFITRT,

PMV=0.303exp(-0.036M)+0.028

PPD=100-95exp[-(0.3353PMV*+0.2179PMV?)]

Table.1.4 PMV/PPD method

+3 +2 +1 0 -1 -2 -3

PMV | hot warm | slightly warm | neutral | slightly cool cool cold

F| BB | RORERDD Hsz LY | LY | N

PPD | 99% 5% 25% 5% 25% 75% 99%
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@ WBGT (k7 m—7RETEE Wet Bulb Globe Temperature Index)

BRI O HETH S WBGT [ZEE ik 12 35 1F 2 BRI ORI SM:4 it
TOHMTRESINZODTH D, WE, WHE RO 3 DD K D BIR 2 REh
5HDTh2, BIETITEIATBEREOL, AR—> 7 & OBHET B ORI

WHi s, WBGTEZE 1.5 & HHAIZLUFITRT (AR, 2004),

- WBGT % Hi=

B TKRBERNOH 5 HBE1T KESTE S O 72 WA X
WBGT=0.7Xt,+0.2Xt40. 1Xt,  WBGT=0.7Xt,+0.3 X tg
=771

t, @ MERIEE tg L IRERIRE

Table.1.5 WBGT value

[UR(Z%E) |WBGTRE BhE T D=0 EENE &t

on s X . WBGTRENINELU LTI, RERIYSKBEDANELLD, 15 D5
35°ClE | S1EMLE |[EEIEFREAIFIE 2L BB TS,
BHEDBRABEVDOTHELVES LEFEAELERBIBOKRELES
B |38 D, BE T AEEICEEBMICIREELY KA BIRETS. A HIE
WED, BETEBATOVEVLOIFES I,
# BPEDRBENETOT. BENITIKERZEY ., KD EMHRT S, HLLY
EHTE. 30255 VIKEEES,
= BEICKDRTEERNRETHAEEMELH D BPEDKIRITEE
- FTHELLITEBDERICREBRIIKERD KSIZT S,

ot ] . BEFBREORBREIT/NENA, EEKDS OHBRBREBETHD, T
cET | 21BET | BERZ 5o nicHlOEM TLRBENSET FDO TR,

BAFERR(1994) RPEFHOL-OOESELH LY

31~35°C | 28~31F &

e
T

28~31°C | 25~28f

[

24~28°C | 21~25%

W
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1.2.4 Vr—=< /b~ 3xF% 0 & KRG~ H

P—~ 2 X DRI OV THFQOI) DR 2T DL TDO LY TH D,

[ —~ L~ XX VBROERITERICHE o7, F 2 KA KEBIMAEZ O 1942
. T AV A OERKIT, E TOREFHOIR TOEGKEOMBIZER L T\, £
ZTCITEEI L D bEEBRREISIC L A REOEY - BEEOIF ) BNHEEE b Th D,
L7edo T, A== NEFHRITK ERAE AT O F — L2 & - TiE, &Eim T TR
HZEDTELEHMORENRRKOBEALETCH -T2, SFEIEREBENBPILINTN,
DIFE THRERBRICB T HRE RIS OX LERBEOAMBMEE 220 . KAO
I~ %% > Lumpy 23BA% S 7, Lumpy (3% 4 XDiE > HExF 2 —7 THOREIR
KEPFERSED LWV HHlR b DT, RERNLUHOAIEZ FIZERT 5 2 LI
TERD o7, L LINERREIC, FRF IR0 ELHF e LT, 1943 Hi)
W ICE—Z L 77 v ARBELY—F24 v M TIREFE L -0 BLIE
(P—~n~xXxF ) Pl LEZ, 0%, KETOV—v /L2 F U/ HEILEHIC
K& BIF. 1946 4E12iX, 3000 A0 Itto NAFHANEIZ IS & FEAIF A EE L 72
BTV, SmMEIOHH-> XA L (5 CIITEN L) . WEZEXKBITINET 5
5D Copperman 2378k L7z, FHIRGRAFME T2 2 LT, ik MEEH
DOFEHHE 0.98 I[TIEWVEREAIZEE L0 FXO~32F % 1 5% Belding (2L - T
Chauncy &4 BNERDIEN, BHORMR - HEiF, SHEGHEROBEK, 70—l
DT EIZBNTEL DR E H T2, P —~ /b~ 31F v ORRFITEROKR AR
OEGERFLZ TN T D72 0121%, AK & [FARROIME & IR BVERVE 2 £ D DNE AR 73 24
BEARARIESTZIPBTH D,

AARIZRIT D —< b~ % OB S ORIROMREEFHEZ RO E LD TH
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o7z, 1958 4, 7 HITFHED R (T8 D AR 2 A T2 ) OSSR AR ZRIfE L, i
HEE L BIOEHELLOEREKRD 7 o —lA2RIE, KIRO ERE ORI 7R
ROFHEZAT o7, ZAUSHEE 1977 Fl2id, RSB FFEFTO=FbIck>T, H
ARNOERETEEZFF OB LA 1 KOV —~v <X X URRfEsie, JEE 5 md 7 v
IRTRE N 1T HB S, RKEREOFIE & —ERHFREE OB & b IZ ke
Tholo, 1981 4F, HARLMEDIRMERSE - (K2 FF O F7#ENL N LY Lz,
DT NVRRZEROT VI~ onffEs g, BUESUL - KRB FAIFEITICILE
ENTWVD AYA ThHD, ZO~VFF 0T 18 MBI S MRS~ A 7 1
b—& 77 rawE L, REWERR U X0 KRS E /AN HET 50T
b5, AL 30 406 28C « 50% - MR - 2RI T OB IR A % 3T
PHNCHEI L, £33 Th a2l 3 25 a BB oMz E AR E L TREL,
LABE D FBR T DA T,

Z 9 LT, WEHEICKIRORBIFHEEE L TN LT — < b~ X F 03, HENR
—2AELEOHREET, FR - TAIR - TAIAEEH BT T ATy o R
ESEIERFEM T, FLSEIERNE - BLG LA, S OICHEESTEIROL DL
HIESNSRIZE-S TS, Ihbid, AMEREDBABERTICHIT TOoEFB LT
JRFTR BBE), AU KIETRAROFE - S - EIRE ORI, WARE £z,
ZE - BE - KR - BRI AN DR 8 BRI EHN T 5 T DI AR I E
ELTHWLNTWND, P—vb~vR X b, KIROBIKHZ 7Lk 2 AL L
LTiE, Cm?- WIDIFDT clo & W) BAIAHW BN,

—J. BT —~/~3xF 03, AMEERE BINTREEIC T CTEABE), FrcE
BABREE T OZFBRPIZ I3 2 FB & L TRZ Sz, 1970 45, Fonseca [X3A70

Y —< L~ 232X OREE, BEIEEZ T oy VH=y MiTEIZ &IE- T
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MNEDFEITIRREIZ L, 10 FROFMAEDEN - SR OBBENVREZ AL L7z, TP,
RS E TR - HHS 2T LD DR D EFEREIT I —~< /L~ K% DR3P ST,
RENL2T e EF 5 RO LD THD, FRFEITI—~L~xF 2K 1.4 1TFT,
(1)7 > &2 — ZHlEFE KR o 7 K 2K &AL (202 7L —3, (3K UHE -
i, (@)AMAAR, BERBEKERR e E3d 0 . AREFFE TR L7z AARARA
BADOFA X% bORF—~~xx JUNJ F1)0oHECLZRTHD (B,

2010),

(1)=& = — Z il

P . \
X T (2) A~ = (37K &5l - Mot

a2 ¥ o —H KRR

(4) A HF = (5325 1 B A A =X i 1 B B L UUN)

Fig.1.4 Types of thermal manikins
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1.25 EVRAT =T O

AARANDBEREZEHD TG 140 F£HEVRETWDLR, £ OFEELIZTHMERD B I
E0 . EHRCHR, HIR, S HICHER TOERRE EDFEEM L (FR5E. 2013),
BRHSTESELLTNDETRRA « A=Y DFHL L 72572 D% 19 A 53 L
T Y s A=Y ThDH, BARTIE 1920 F1%, StEBECHMO BESEFEFIC
TOUY A=Y EEDLLIITR ST, TNHEDOIERAR L DODKRE, FXy FOE
HIRE [ ZDORgx DFATOEAZITD AR, BETHEYRA « A=Y & LT
IR FER STV, 1950 FRICAD ERFPIERITRD, NN T Ty FAZ A
VDSBS L. 1960 FRIE 50 AR BEREIZ /A © TV T of B — R X A LS RHITIA
Folz, 1960 FETAMNDL, BHETIIA—Y EX I XA LW RENEE LT (~L
Voo LA VR 2014), 1960 ENEB IR o TCI—E T s YTy hDI—n
BT UVETART LT A FRUZANTATo T2, 1970 FRIT/2 5 &M%
iR < Bk LB LS E e 2N 19734, BB 1 IRFA VT a v Z7ICKDBHY, BAR~D
Bl & X—=2 oy 7R b ORWATY . RER ML RO R EHER AL A VRMEL T2
RFRIZ 72 5, 1980 4RO A RIINT VR CR&E T o7 7 v v a v R LD LD
2720, EVRRAT =7 bEMALE ERHEAEA TS, 1990 FRIT AT VI LD
80 FRDOIRFR T 7 v a v nbELEVWLFHKO7 7 v aTholz (EVX
Z o« yx7 1989), 2000 FELRRTERERMBEICET 2 E#RAmEY, 7—EX - v

4 — L E X HIGSATRERBEREIEICEN T E R AT = 7 A ER ST g,
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1.26 HADOxZT =y (7—7—) DR

HARTIZMER 80 A% (1955 45~) (T8 Lo BAUEEM,. WE, 71 ek 13
Fofmgs ] CMIN, —RIEROD ZPNOMANEM TH-7-, Z0#% [3C) L\
PN —Lb7—=F— BT7—7 L, FHEN, M40 FHRICHBE L7 FEEEA
AARFBFS 1998), AROZT 2 (/—7—) OFEFKEF 1.6 12, AARO L
DU O KR 2 1.5 (4 (R, 1935 4, HARIED 225K O AL pED
WME Tz, 1973 FDOA ANy a v 7 UIEEABITT 3 3B STz, 1990 X
T arpnar Ry MeL, 1997 FREREREFH LR, HERBREL 4% 2 72 pa b 25N
L7z, 2011 4 3 A HALHT K EPEmp B LI, A=k X — 2 HRT 5 Z &
ol AAROFEMANEE M O JR2 [ 5 L—hxT 203 1960 FRIZFHETE

ST BIR#ITHE A 2000 F121T 90% A A D ICE > TV D,

Table.1.6 Chronology of air conditioners in Japan

R W o

BB REAR B ) CRVA L Z 3 R BV 23 7% B

1930  |WHZEFIC L DT a 0B (7 AU 7))

1933 |7 v R ROEOHRICEF (T AU D)

1935 |[EFER) 0 22 5K AR A= P BA s

1958 |T/b—A7 — T — [ ICAFRfE—

1965 |[NW—Ab0 —F— MBI —bxTT a2 ] IZHEHE
1974 |EEHMTT a3 358

RKERETT 2R —o7 3 U358, EiiA v N—H —
BREESE~/ILTF =T a3 5e

REtE e Ao 2R BR L2 H LWZERREERE A T A 35T
(A F 1)

(B8 A4 FT¥E, —BAEFEAN FEEXES

1982

2001
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Fig.1.5 Penetration rate of major durable consumer goods in Japan
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Fig.2.1 Questionnaire survey target
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Fig.2.2 Number of times the suit is worn during working hours
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Fig.2.3 Reasons for wearing a suit in the summer
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Fig.2.4 Discomfort and reason for wearing a suit
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Fig.2.5 Comfortable wearing of suit for the situation
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2.3.6 EXRAT =T DOFEM
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Table.2.2 Classification of clothing

S S,om AVAY/ vy
A A (T —91F) | (FoF—517)

#£100% 25% 44% 58% 69%
8- RYITRTIVE 26% 36% 30% 25%

(o] 0 0 0 0
£100% 6% 3% 6% 1%
FR-RUIRTIVE 7% 8% 2% 3%
H—JL100% 17% — — —
—IL-RJIRTFIVE 13% — — —
RYITZATIL100% 4% 6% — —
Z0ith 1% 2% 4% 3%
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Fig.2.6 Clothing shape



2.3.8 77— EXICET L EH - oK (R 11~12)
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Fig.2.7 Presence or absence of Cool Biz at work
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Fig.2.8 Measures for Cool Biz
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Fig.2.9 Acceptable style as business wear
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Fig.2.10 Age gap from 1st to 5th styles as acceptable business wear
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Table.2.3 Insulation values of garments (IS09920)

ensemble clo surface fibre content garment mass | tickness
area (g) (mm)

boxer briefs 0.04 16%|cotton 100% 91.98 0.23

underwear |T—shirt 0.08 40%|cotton 26%. polyester 74% 147.35 0.45

sleeveless 0.05 30%[cotton 100% 80.30 0.43

long sleeves,shirt collar 0.21 51%|cotton 100% 303.48 0.20

short sleeves,shirt collar 0.19 43%|cotton 45%. polyester 55% 14458 0.24

shirts tank top 0.13 30%|cotton 100% 137.99 0.51

polo shirt 0.17 40%[cotton 100% 261.21 0.66

lieans shirt 0.25 51%|cotton 100% 428.20 0.55

pants(s) 0.17 45%|wool 50%. polyester 50% 306.92 0.26

pants(s/s) 0.21 45%|wool 100% 378.16 0.29

trousers |chinos 0.21 45%|cotton 100% 547.45 0.52

half pants 0.08 25%|cotton 78%. polyester 22% 257.48 0.33

lieans 0.19 45%|cotton 100% 769.34 3.62

liacket(s) 0.32 50%|wool 509%. polyester 50% 551.94 0.28

jacket liacket(s/s) 0.36 50%|wool 100% 591.04 0.28

ljlumper 0.35 49%|cotton 100% 384.11 0.19

vest(s/s) 0.10 21%|wool 100% 174.67 0.21

oxford shoes 0.03 9%|cow leather 737.12 2.51

shoes |sneakers 0.02 9%[cotton, ERKIE 754.50 217
sandals 0.01 4%|EVA 380.54 -

necktie 0.01 - silk 100% 42.60 1.49

butterfly tie 0.01 - sik 100% 11.24 0.73

acc belt 0.01 - cow leather 1.42 4.11

suspenders 0.01 - - 212 1.83

socks 0.03 14%|cotton 100% 48.68 0.82
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» SET*PLii#ifi% 1 {7 0.53clo T 21.4~24.5°C, 2 if 0.86clo T 19.5~22.7°C. 3 {ir
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2312 EFOBEMALFEIRrAv =7 L LT, fFSLD E-S 2Z A LD clo fHIZ

Fe DU T PR S T E

TR AL A IV AL 5 (O PR % Mecheels & Umbach O FHWCFHI LT,
fERA X 218 17T, BENRKOWREEN G, FAHEE 50%RH ORFOREER & &5 & |
Ptk > FRRIZ, 4077T 20.1°C, 247 21.4°C, 1{% 23.9°C, 3507 24.0CTH D, —
J7 . PuEko EIRIZ 4 72T 20.9°C, 2 fif 22.9°C. 1 fif 26.7°C. 5 fif 26.9°C. 3 fir
271 CL 7> TND, 5 DDAZANLDOHTIINAT v XY D 3 kb m< .,
PRBEIA AN EWZ D, LL, WTnd 28CE WO MERERE 7 U7 T 5I121EE

SN oT,

S TN 7315 2= W s ol T NP
ta - min = 32-Rd[H—0.06(35.7—Pa)/Re] (@)
ta * max = 36-Rd’[H—0.3(44.6 — Pa)/Re’]  (ZZ##i)

51



70 r

6.0 r
55 r
50 r

40
35 r
30 r
> 25
20 ¢
15 &
10 [

aper pressure (kP

05 ¢ afir \21z 1fif
0.0

16 18 20 22 24 26 28 30 32 34 36
Air temperature (°C)

Fig.2.13 Comfortable Climate Zone Prediction of Mecheels and Umbach

52



2.4 E%2

2005 4, Bithshiz [/ —n e X EBE S SRBEBIICHEET 5 2 L 2RI A
. BITE, BAOYF U —< o RN7 — L ERXEED L HITZITF LD TN B NITDNT
DEMMEEIT T2, EVFRAT 2T L LTHAESND AL A L L, RERsE
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3.1 #%
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Ty yia Y EVRADOEBICE W T, KIROT 7 v g o TRODBEAD
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WFRIZZ D 10 Fafé 2011/12 4F, [FRROBIREE 1 FMFEM L, Z OB
DEEJERFET 5 & &b, TRIC 2005 EO 7 —/VE XA W) Ry 7 A A
X o 7R 2 Bk 10 SR OZALN D 7 — N EXNROBGEEZAA T D TH 5,
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v b el o T BIEOAREICE S AR Y 2001/2 FEO WA &I L DBE#HT — % LDl
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3.2 WHEIA
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FOEBN T E BUEL DR 7R BRI DY g v 7 2 BT, RERNZE DL BITAORH N
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Z < OBEFEIIFAIND T2, T RFAIE—EDEEE 12/ 5 RV K O IZHIY D@
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#2830 KL LTe, TREREOKGT — X IXKRETOBNT — & % Hniz,
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Ttk & FEE RO AT E Lz, EROGITICE 2> TE, H50CoikfEZ X
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ZNERFERIE AR E Lz, K 3.1 IR LIEAIRFED clo EIZAMRDIRIR ) Z 7~ il
T, 1809920 OHIEASHBIZHELTL LD THDH, ZNEANTEBETADERKDY
PG FHZ AL & AR OFBEICESWTHEE L, M4 HREORGTBIIRIR & 0Bk
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WZDOWTIESCHME 2 A= (L. 2006),
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No| TAT L clo | No TAT L clo | No TAT L clo |No TAT L clo |No TAT L clo
1 |[a—NEH) 067 | 5 [Crr/—(EH) |053| 18 [Y—SvU(R#M) 027 | 1 |RXRY 023 | 3 |FvvS 0.01
6 |/ \—h(EHh) 0.36
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8 [RATvy(R#M) |027
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— 15 | 2—5—(75 Hh) 032 | 21 [T—Sv V(R 027 | 2 |19 XKy 0.10
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23 |T—v Y (H4) 022 | 4 |[A—"—F—)L 026 | 7 |/IN—2-T—Y 0.06
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4 |[DviryNISaH) | 031 10 [R=—H— 0.04
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Fig.3.1 Classification of clothing (clo value)
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3.3 AR

3.3.1 H EHWEIROFEMIZA4L

RITT — IS EEOREYRIROLE I E . B35 L LT 1981 4£~2010 FF

2

TO 30 H MO H P AIEA b BER T 3.2 18T (AT : www.jma.go.jp)s

Zhi XA, 2011712 AEHIFIFEFEECITWVA 7 Hix 1~2CHE < &1 1~2°CIRVWA %
Lo TS, ZHUTK L 2001/2 H1E 7 AN 34 CE ALY 4CRESS, 40 1
AMn6 4 BiZhiFTh 2~3CamvMmZxR L, BEAIRITEN . R E LT 2011712

FORNEIT 1~2C, KT 4ACHIMENZ LR TN D,

40
------- 2001/2% KR

—2011/25% &8
— - 1981~2010FE D EH KB
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0
68 7H 8HA 98 10RA 118 128 1A 2H 3H 4B 58

Fig.3.2 Annual average temperature change in 2001/2years and 2011/12years

And 30 years from 1981 to 2010
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3.3.2 AR, PHASRAE . AR AR

% 3.112 2001/2 4EF ONT 2011/12 FEOFHAE B L AE SR E S, WO YiZ B O
IR N O ZEOBIERGE AR Z~d, WA EIL, 2001/2 4R~ 10831 4 (N, %
M 7132 4. Pk 3699 44). 2011/12 4E, 9644 4 (N, B 7203 4. otk 2411 4)T

1B HT-0 1374006 251 4 ThHh o712, AETIIMABMEEZ S OISR E L,

Table.3.1 Fixed point observation date and temperature and number of objects

ki) 5 5 AR
2001/2 EHEERCC) RNEEHAN) AEBR WEE  HAREHN) EHEERCC) 2011/12
20120608 251 26.3
20.9 137 20010612
20120615 227 239
30.2 207 20010626 | 20120627 242 24.1
355 204 20010701
20110707 209 283
31.6 172 20010711
320 197 20010720
20110725 172 30.3
334 224 20010731
20110805 166 29.6
29.7 214 20010815 | 20110816 187 322
32.3 147 20010823
20110826 170 31.2
283 247 20010901
20110906 179 274
252 202 20010913
20110915 182 313
191 17 20010921
20110927 162 235
279 244 20011002
20111007 207 253
254 234 20011013
20111018 153 202
182 207 20011019
20111028 225 19.1
15.2 179 20011105
20111108 213 171
20111118 249 133
1.7 228 20011112
17.8 246 20011123
20111129 240 17.0
143 206 20011201
10.7 234 20011208 | 20111209 217 6.2
20111220 201 10.5
115 199 20011222
20111229 227 9.4
144 216 20020111 f 20120111 225 10.5
10.0 248 20020125 | 20120125 195 8.3
86 198 20020201
20120203 210 59
8.2 206 20020212
20120213 201 86
15.0 228 20020221
20120224 210 144
143 212 20020302
20120307 212 15.0
146 177 20020311
20120316 215 9.9
186 203 20020322
20120326 225 132
184 182 20020401
20120406 234 141
15.0 214 20020412
20120418 236 19.2
19.3 153 20020423
20120425 250 212
215 191 20020501
20120509 243 21.6
155 212 20020513
20120517 247 26.4
21.9 208 20020521
20120528 221 240
235 185 20020531
Eh 132N 35 34[H 7203 A at
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T BRI 2 R R R IR & W 2. 5
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Fig.3.3 Change in wearing rate of clothes in 2001 and 2011
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TW5,
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2011/12 4E121 31.5°C L 2.3 COIK TR AL NS,

T, REOEBMEEREDE DL O TR, BBO 7 — A ERIEIEEY Y
7y FERBORTRKBRENTERLEBZBNLD,
VL EDESBIENEC L0 SN FAROEMABIL, 10 FORZVICHS TIEE
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Fig.3.4 Correlation between wearing rate and temperature in 2001 and 2011
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3.3.5 BMTHEDENRKE L SET*IZ L D HEE K & R & A& & DRIk

2011/12 FEEORE X GH O A B 7203 2B ICOVWTREABNC, THEEZE
RAENKEIE & BROFEZFCCHEE L L, 2005), K 8.1 1278 L7 B AR
DY afEEME L CTEREEO 7 afizRE Lz, ZO@ARERO 7 vl & KR &
DR D Z B SOV THERET A 2hiE)E  (New Standard Effective Temperature, LA
T SET* L5 3) 12 & 224 MDRGEE AT,

SET*I%. 1972 4 Gagge LI L > TIRESNTRERBEE CH O . BIfEKEDZE
SR E T ¥ (ASHRAE) OZEfifiEL LTRSS TS, SET X, AMED
IREA PR (TR A AT 6 H5E, T720b b, &R, WBE, K. BB BLO
fE¥E (FEE), EREZ G AE - BEMOBHMIERRAT I Z LItk T,
ZOREE L EBOEER M TH D L O . TR LEEIR - MR - BEREEAN
HELL D LR EN D, BE 50%., Kitid 0.1m, “EXHMGHREN IR &% L <,
REHE 1 Ay b (NEDES TOLREOREEGE) T, FROBHRE 0.6clo &9 5
HFTFOKEEZ TRIT 2O TH D, TOIREN 22.2°C~25.6COFPHIZAD & AMIE
PRI LD Z EndEIN TS, FTEAHGITEARE COHSEREL SET*=
27~28CE CTILIF T\ 5

Z OPEEN B R DRI L 7 nEOBR, TR D BN YRG5 D
KR & KR vl L ORIk & A B R BHRIE 2 O T 2 721877 A O35 K 03 e L
TWRNWZ & 2R TEIUL, WROZEMEAMGET D5 Z LN TE D,

SRIOFRERI G L e o e BTHEII A EZHNTND 2 D, RS LT,
HEE R 2met, FHXHEE 50%. R 2.0 s, AZNBAHEE 0°C & L. ASHRAE HE5E0D

Ptk SET*=22~26°C & 135 OHES i SET*=27~28C DR AKX 3.5 (T~
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D EXFORBEDOL D TH D, O LICA B OB THE SN HIE B HOFH SR
BL B FHRIBOGRE 7oy 452, 1FEALOMMN SET*H LG5 - Ptk
O EIZAT L, BTE OBIRD, SET*IZ L A REARO FHIZ—H L T\ 5d Z LR
Ihiz, 7272 LAKUR 25°CEL Tl & Teffid 2 AOFIE ML T\ 5,
RIRFET &V O ABRYER B IE, EOFET Tl 0.5¢clo AT D& 572 5483k
HHND T EITR DN, HRREN I I NBTFA ST, B ETOBEMFEEN K
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Fig.3.5 Relationship between comfort zone and observation clothing volume (SET*)
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3.3.6 7 —/VERXFEROMIE (D)EBMHEZxSRE LT

2005 4ED Y —LE X U d—AEXERITL ST, AFEEOERRBRNBED L S
AL LToh, TOEERFET 5 BT, 2005 FF21X X A7 2001/2 4, 2011/12 4
FAE R IR 2BIT AOEREOEME N ZHKR LT, X 3.6 DB T 7134
HEHOWHEKREL, vl 7 7 71349 B O BEHKIRZ R L TWD, £KFIC
FED 6~8, 9~11, 12~2, 3~b Hp & V¥ L= FHBIFREKEE R Lz, FHiBNIC
MDD EDOREEITo72& ZAH, AERETROLNT, 7 —LE X, Ux
— LA RICLDEOREL, XAOBEEEZMRT DI LITTE o7,

ZORERIT, FEORBELRGEN—ETIERNI & &, ZOMBRFAEZTLRAD
BUERETCHSTZ LI L s bDEEZOND, £ TRIC, REEHENL 7 —LE
ADERMELEZONDEVR A LHIESND BMEE RS L U CHERG AN

277,
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Fig.3.6 Annual variation of average clothing volume and average temperature on
observation day
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3.3.7 7 —/VERXFEORIE Q) EVRAT U DEKREN

2001, 2006, 2011 4D 7 H 8 HITBIT D E VR AT DRERD 7 vffi (clo) K&
O ZAEMR (%) 2T 25 LK 3.TIRTEY Th D,

MR TE Y HFRO T affild, 7 —/LEX[iD 2001 40 0.88 clo (2, &y
— VPR D 2006 I 0.85clo &R L, 2011 i/ D & 0.75 clo &
2001 FEZH~T 0.1 clo Jfi> T 5, 0.1 clo ®ZEI Al T— > v 1 KRR 12
YN, PROXRVCEHRIZITZE AL EBD o7, TR K,
2y 7y NERBEORDICEbDEBEZbND, ZOFRERITHNROK 3.4 TR
L7z@ oy 7y MEMFRZ RS L 2001 #1213 30CULOKIRFMNET O v 7 v k
D 20%AH HILDHOIZK L, 2011 4EITITFIE 0% TH 5,

EDICRIRE Uy PERREOBRIRD EIRA 2001 41% 33.8CTH D DITxIL
2011 FTIE BLLCIE F LTV D, WIFNBEFICBIT LYY 7y FOFHARRED L
Tl R TRRTHD,

—J, R BADEMFEERLDL L 2001 4 7 HIZIE 82.5% T o 7=DIZkf L, 2006
ITIE 47.1%, S HIZ 2011 FIIE 1%ICETREAD LTV, 8 H bREROMm AR L,
7=V BRI AR T ZAMEDRBEITH AN TN D,

AFEZBL T =NV EXDRY ¥ 7ry b xR 7 2 A RITHRICKREET 5 2 &R
T&7, LML, BEEE EWHISMBIBIEIEORR L H D, FHICNEOER, FHO
HEALFEIIARETIRA D ZENTERY, EOMREIZOWTIT L Y G722 R S

T D,
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* P<0.05, ** P<0.01, *** P<0.001
Fig.3.7 Comparison of the rate of wearing outer wear and the rate of wearing a tie
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4.1 =

HIERDIRBEALAHEIT T D BIAE, AP ZIEL TnDI—m vy /DO RLAa— R
ZREL, HREHOKEIZHE LR RV Aa— R0 7y voa VAR L
£9LT27 =N EXDORBITESZT AN TN,

92 BTILZ — /L ERBE 5 AFEHD 2009 4 9 A, EVRAY L 120 A ERRICT
Y= bEFERL, 7V ERXOERL ZNICKT HE VR A U OERAEEIT o
oo ZOFER, 72— NV EXZEALRDBO G, 7 4 AOBFEIC L > LI Eo
RUAZ TR LIZK W, A=E TEBALE] 2T 74758 LTRMERD
ZENbhrol,

WA, TNV AERHIFA—Y, %Y, ARy, TEREEEA R 7 —LEXPELD
D DFHFEM - FT VA OB LOETEHI | WiTHE, WS E, FHARTE
R EEMSIE A AR O TIXOEMAEEAH L TND, LLIDXE ) REERSEZ S
MEHEICZTANONEEIT D-01I2F, 7— L EZXRROTETFT 2, ThbbER
JRAS DRI % E BRI BAT T 25l T L OIS EE L& 2 D,

AREETIX, 2007 FITHEALIZEHA—Y L 2010 4FEIZY — L EXHEA—Y &
L TR - e Savie A thoo TR ikiE 2 F Vi dtdiiz 2 —> )0 B o T
F X TNDYT—VRFM A= C o TTHEDO ) R FEMOT v ry b &
BEM DRV AW, HilRZ — A ERRA—Y 2R T S A0 @K - R
PE « WOoKIRGZE, DR FEEE 722 & & Bt 3 5 & TR IR ~ D BT b b EHER

Pr AR A AT &/ NE (2003) OB LTZAF =T A EHWTEHMET 5,
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4.2 FEBRITIE

4.2.1 RELOERL

HIRDOZ — NV ERXZ—YESR LK 41 OLHIC, ¥y NEH, Pxy sy FE

H, KARHL, RAh - S v VY HIOARE 2SI L £ ORBHREIEEZHIE LT,

Xy bR Ty MR (HEERAEH)

AR

Fig.4.1 Preparation of each sample
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4.2.2 FEBRIEAE K OJE

NEEB T, EI(ESHIER. @b, #imE (Q max) ., FHEtE GR3D v
TVE) . WAGRE (A Ly 71E), REME EEE - BEKHD) C©h D (F 4.1), HIER
BilX., RIE 20+£0.5°C., FAXHEE 65%+1.0%RH. &t 0.5m/s OfEREE =, ko

I RIBREEIC 24 BpfiER% ., WEICH L7z, M0 IR LEEIIWINY 3 BITHD,

Table.4.1 Measurement Items

No XERIEH e HE DY A X (i x 1)
@ R FAXNIIV YRR =T 2525 ¢m
@ BRI BRI RER (KES-F8-AP1) 12>X12 ¢m
@ | AR (g-max) KES-F7(h—ESHR I &) 2525 ¢m
@ BiR EEHVT & 1515 ¢m
® IR 7K IR FE ALk 20<2.5 ¢cm
® | FEER-EBRIEHR RAXUETIL 2222 ¢m
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MOESHEITHE, BOBBANELRLRWAZ 5 7T (T L) FHIIL, &K - &

IMBEZEAUTZ 3 # TDE 2 RDT- (K 4.2),

Fig.4.2 Dial Thickness Gauge
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MR (KES-F8-APL) Z vz, HIESIET iz EE L, 194270
10 BPHBAEST 22, PER 3R, IR 3D 6 A MMEE LCTHEMT S, ZD0Hy
N ESHEST R(kPa - S/m) & 72 %, BXIEHUES/ NSV EBAMPRRWEF 25, R
B O A T 12X12em& L, FREHID 5 4 Fr & HIE Ui KIE & o/ MEZ RN 7257

OFHEET S (1M 4.3),

TRz LvsRdi=,
R=aPV
AP : JEh7%E  (Pa)

Vo BIEEY 7Y omcksE (m3m? - s)

Fig.4.3 Air Permeability Tester (KES-F8-AP1)
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3) ®Wi& (=Q-max)

W& E I KESFI( U —E AN ) 2wk, Zo%@E T T
BOX(Temperature detecting Box= i & & | & OV T #A ) & BT-BOX(Bottom
Temperature Box=2JRHB)IZ L VR ST\ 5, % BOX NEREIREICEL-#%, T
BOX # BT-BOX Dl D Lo, MiREFHI(Q max)EA G Hivd, KalkiE D
5 izl L RIE & i/ MEZBRE EEZ KD 5, Q-max fHAN K S VWIE EHEftn

R (X 4.4),

- v e

21k o1,

H

2o

2ife, \*)2 *

Fig.4.4 Precise and Fast Thermal Property Measuring Instrument (KES-F7)
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4) Fm

BIRMEDFHANC TR » AEE AWz, E—0— EiEnd 1 an N ETEBKEND
., 20 Ea2REHTEY, Bz ATk 5, KR 2020.5°C, FXHEE 65%
+1.0%RH, &ifi 0.5m/s OMEIRIER=FICHEHMIR LOE—h—& & bITHET 5, —
TE DR E % O & (W) ZRIE L., BB LoEd & (Wo) LIl <, &

WRZRD S (X 4.5),

Bl =W "Wy X100

Fig.4.5 Water Vapor Transfer by Cup Method
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5) WK

WA EE DFHINZ A Ly 7 ik AW Te, SUBMTIEZRBEK O I T 2 en MR &
TOEIICEEICSDT, TOEE 10 FHKET D, KER 10 53R ORERZE(LZ28B

BrL. #iEREZRD D, FHAMEEOHIZ X 4.6 (2777,

Fig.4.6 Byreck Method
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6) WHEL - RS

B - KO IAE RIS 2 BHAMEST - IAMEHIOBIE ICIXEAT S (2003) 23EH%E L7
AR ETT VLB MM U, ALEET, SIS, BEE., RREHNSR0 0 HIEE
1% 20x20cm D7 /L I BRFEOWREN 4 SO UL F = F A2 L > T 34°C—EREITH
b L& L biz, 40CITHIE SN TR KPR > 7 %8 LT 20 HOFL)
BT VIRBREICHESNDL K HIZR>TWD, 7 /v X HEIEHEHEER S CEpi, i
IKPFE R R ENARIVAD O FEITHRED F G 25T D MEIC e > T\ D,

FNEE LTEET, BHRICEREEZ > b, 20 EIZ 25x25cm WA X OFUEHAG
ZiEE, BWIEEN 34+0.1°C, RB/K%E 40°CIC BIF, BESHE D, FMFICELED
& T HERE . Z20E 10 43—k 157 30 B JiiE 48 73 30 W DNEIC T v 7T A S iz Sk
P CRIE Z B ah, AR SR B R, SVRHERHREE | WA S R i LR, B
BAREE ., AAKUREE, FRRGRZ 5 HMRT 1 REEAETT 5, M0 LEHIT 3 [E),

OO 8% EBA DL EITFIREIBIMLT,

BREN - PEEMEHUILL T D% 4 (DRI L kD72,

Ry = (ts'ta)/Qd ............ (1)
R = (PS'Pa)/QG ............ (2)
=77 L.

Ra#EIOEIEST [(Cmi/W]

to fE R R R iR [C

ta iR [C]

qa HZIEERE O HEAG B R [W/ i)

Re: BB DO ZEREEPT [kPa + m/W]

P AR R R 261l DO KA [kPal
P.AVRUKZAKE [kPal

Qet A ¥ BT IUASOMFEER R [W/ni]
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4.3 FER

MO, JES, B - KDFHEDREI R K 4.2 157,
Uy POfE AR OAiHE C HARRE . F-FMMER S, IRAERITR

ROVFBERY AT NADORBPHNENTND, C HITT v 7y MR, AR

7

IR - RV = AT VORI BER SN TS, B - P> v > #x 25 0085
100% THLHDITH L, 3fE HITHE - WY = 2T VIR 25 L T\ 5,

Ty FOBEMFIBLEE L TH D, ZEHTOPRS A £ TORE N, Vv
Ty FORAKMEITIZE AL 0 T, BEINTHRWDIZH L C 40 X738 dmW ok
PEER LTS, £, Efl - s v OWKEIZSE ST O I 25 E

CIRESh TV,
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Table.4.2 Material characteristics of the garments

— . X BRIER Q-max
TATA R (mm) (RkPa*S/m)) (gmax X 10°J/K-m?)
Swiryk £ 50%. RUYITXTIL 50% 0.28 0.122 0.076
=i RYIRATIL 100% 0.10 0.103 0.136
BEER AR £ 50%. RJIXTIL 50% 0.26 0.122 0.076
FHY-2 vy 45 45% . R ITRXT)L 55% 0.24 0.042 0.052
EHiY-2 vy # 100% 0.20 0.400 0.079
vk £ 90%. RUTRTIL 10% 0.35 0.253 0.078
Eih RUTZFIL 100% 0.10 0.330 0.138
At ARy £ 90%.RUTRTI 10% 0.35 0.253 0.078
FHY-T vy ## 100% 0.24 0.141 0.066
FHY-2 vy #8 50%. /RUYTRTIL 50% 0.24 0.074 0.060
vk £ 50%. RUITATIL 50% 0.32 0.063 0.073
=i RYTRTIL 100% 0.09 0.453 0.139
Bt XKy E 50%. RYITRXTIL 50% 0.32 0.063 0.073
FHY-T vy #% 50%., /RUTRTIL 50% 0.23 0.080 0.054
RHY- vy #% 50%., RYITRTIL 50% 0.28 0.269 0.057
Sxlruk FF 100% 0.26 0.022 0.061
ot ARy % 81%. . /RUTRTIL 19% 0.35 1.197 0.071
FHY-2 vy % 77%. RYITRTFIL 23% 0.27 0.333 0.064
FEHiy-2 vy B 77%. RUTRTIL 23% 0.28 0.333 0.068
AoF T-Ux%Y  RUYIRATIL 90%, RUILAL 10% 0.35 0.353 0.065
Ryo R RUTRTIL 88%, RUILAL 12% 0.41 - 0.064
Z0fh X)Lk oy 411 - -
#HTF ## 100% 0.82 - -
&t a2} - - -
- BiEH K skin—model
TATA (%) (cm/sec) RdA(°C-mi-W-1) Re (kPa-m-W-1)
DAl 378 0.331 0.014 0.657
ZEHh 37.2 0.270 0.015 0.756
EEkm XKy 378 0.331 0.014 0.657
FHY-2 Y 38.6 0.229 0.017 0.636
EHiY-2vY 48.3 0.178 0.014 0.694
vk 42.4 0.229 0.015 0.721
Eih 495 0.160 0.015 0.752
At ARy 42.4 0.229 0.015 0.721
Y-Sy 44.7 0.356 0.015 0.654
E#Y- vy 46.0 0.984 0.017 0.797
DAl 39.4 0.127 0.014 0.820
=i 38.7 0.180 0.015 0.626
B#f XKy 39.4 0.127 0.014 0.820
Y-y 46.5 0.432 0.015 0.659
EHiY-2vY 42.8 0.712 0.016 0.800
vk 384 0.458 0.016 0.768
cit ARy 41.9 0.789 0.015 0.892
Y-Sy 421 0.814 0.017 0.742
E#Y-2vy 42.1 0.814 0.017 0.742
Ao+ T-2xY 47.0 1.094 0.014 0.707
Ryy2 - - - -
Z0M Nk - - - -
9T - - - -

# - - - -
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Fig.4.7 Thickness
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Fig.4.8 Air Permeability
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Fig.4.9 Q-max
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Fig.4.10 Water Vapor Transfer
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Fig.4.11 Water absorption rate
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Fig.4.12 Dry heat resistance value of fabric (Ra)
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5.1 k&=

FFE, TRV A=Y Uy Y AR TEREKL R —/VE XD
2D DFHFEM - HT A ORI LOETEHIY | WITHEE, WS E, MR
I EHMNIE A AR S TOMEMEAELH LTS, LOLIDOX S RAENESHR LY
BEHEIIZTANLNETD7-012F, 72—V EXZROT T A, ThbbERIA
DR SUR) % TE BN AT 2T EOMNLNEE LB X D,

H 4 ETEHRY — B R A=Y A OBE - EEERGIA A% ' T 02 UV CEE
L7z, RETIL, 7=V EXE ) otfiliA—Y & RIZ, FREOI —LEX
RF b LBIREAT 2 E5KIREZE L COBE X OUKYFEIRFE 2 & EAICHEN L.
FDA=YEFERLIZEEPETOBND AT ¢ ADRFERR % EBAICHEE T D )7
HEOME ER AT, HEROBEE  BEIRHL ORI IIBTF Y —~v o~ X U VG
N5, BIP—~A~2X I ANEOERBREOV I 2 b —a VEETHY | 2K
(72 i b G & T B I EE CTh D T O KROE - Ky FetE % E&EICTEMT 2 2
EMTED, KETIEHARNEL R FH A R RKICHBE LIZBTF—~v v xF v
(JUN) ZHWTHiil 7 — /L B X A—Y QBRI S R ZHE L, TD 7 —v

ENRZ REET D,
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5.2 FEBRITIE

521 FFH—~<L<vxFxr (JUN) Ok

BIFY—~v~vxF > (JUN) (HA O, 2005) OEHT FRP 85, FARITLAL
(GEATWHE) T, AT A RN S FAEEERI TRl 17 pE STV D, Kl
ERENE2 7 RT 4 Lz VART 4 @ 2 JEEET, Omet~bmet DO THREIE S
TENTE D, £, BITHIENIEE 141 BT S 20g/m2h~900 g/m2h O T
HHISEDLZENARRTH D, o, v 3 F NIBERERE, FEHAEBAEON
T E —EICHIE A EER S AT AL o TS, FENREIRE, KA REEE,
BRBEIRE . EAREIRE, BFiR, BREMXHEED 6 HEIC W THIEShZT —4
X PC TRELEND, BITH—~/~vxF L (JUN) O5E| KON i 2 X4

5.1 12”7,

il miE(m) EEE%)
1 Head 0.156 9.4
2 Chest 0.172 104
3 Back 0.176 10.6
4 Abdomen 0.094 5.7
5 Buttock 0.116 7.0
2(3) 6 Upperarm(R) 0.082 49
7 Fore arm(R) 0.060 3.6
8 Hand(R) 0.042 2.5
9 Upperarm(L) 0.086 52
45 10 Fore arm(L) 0.060 3.6
11 Hand(L) 0.042 25
12 Thigh(R) 0.146 8.8
13 Leg(R) 0.080 48
14 Foot(R) 0.062 3.7
13 16 15 Thigh(L) 0.142 8.6
16 Leg(L) 0.080 48
17 Foot(L) 0.062 3.7
14 17
Total 1.658 100.0

Fig.5.1 Part and area of sweating thermal manikin (JUN)
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5.2.2 High M OMAE HEXKAROBEEEGT O E

B O S O RARO BB HT ORI E X, BREEIE 20+0.5°C, fEXHEE 50+£1.0%
RH. &t 0.1 LL FO AN LTERMEENTIThIZ, ~ X F B RREEHSE, <

A2F U OREIRNBNDOEEJLFR TH D 33+0.5CIZEL-Z & 2R LIk, v F

6=

AL ORIANR K OIS &, BREGRA 10 MR T 30 2llEL T2, #oikL
[T 3 [E, (EH2E0 8%zl A 5 HaIEFERE BN LT,

R —~ L % L OEEBMER O ERTFIER R 5.2 17T,

on Off
A | | | |
1 0 30 (min)

- steady state
measured

T,
T,
W
Fig.5.2 Experiment protocol (Dry heat resistance)
AFARRE O E T RIIU T O L 5 Th 5,

Rtotar = (i LTS —t)/qa

;S = Zl‘; Tsi

qQd—= Zde/Aj
Racie = Ratotal — Rdair

Ieie = Racle/0. 166
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=72 L.
Ratotal : RBAEMEHT(nd - "C/W)
Al w32 AL O R ()
qa : HEFREAEDTE AR (W/n)
Hai © ~ % 2 EAL 1 ~D R EEW) (=1~17)
ta : BREEIR(C)
& v R F R EmIRCC)
Rade : A ZWBHEEH(nf + “C/W)
Raair : #RO~ 3% o QARSI (nd + C/W)

0.155 : BMKHI B WrET) Tae ~DHLRAREL
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5.2.3 High M OMAE DEXKIROEEIEHT O E

LG R K O B D KR OB EIRFLO R E 1X, BREERE 33+0.5°C. FHxHE
50+1.0%RH, Xift 0.1 MsLL F O N TRBEEN TIT b7,
TAF OB EIRNTREB@ENEREER w=1.0I12 L, v*F ORHEIRD 33+0.5C
IZE L%, IERREENSE D, ZOBRERmIED 33+0.5CICLE LD LR L.
10 FY[HIRE T 30 43 FHIHE 24TV IR & 0 KAIROEEIRIL 2 KD 5,

T —~ b~ 2% o OB O EBRFIEZ M 5.3 12777,

on Off

0 30 (min)

pumping 7.}
1

state measured

steady

Fig.5.3 Experiment protocol (Evaporative heat resistance)

Retotar = W(})s *_Pzi)/qe
Recte = Retotal — Reair

qd =} Hei/AI
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7272 L.
Retotal * EEEHI(kPa » mi/W)
w  IRALERE R (RFEBRCIE 1.0)
Al ~ X% 2O EER() G=1~17)
Hei : = 3 8L 1 ~ DG B E(W)
Pa : BRETIR (ta) I B 1) 5 KZESUE (kPa)
Po* 1~ 3% PR MR ()12 B 1 B ffik A& E (kPa)

Recle . ﬁiﬁ@%&?ﬁﬁ(kPa ° HlZ/W)
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5.2.4 XHRKMR

Hidh ARG DEOKIRO B FeEEZE 5.1 12, HEHEEZM 541277,

BRI 2010 4EFHIC7 =V EXRIEA—Y L LTIRY - REshizT7 o3 r 7
MMPxry b ARy - U Y)3 FlE, BB LE LT, 7—/LEXLHID 2007
A LEZERA—Y T 7 Lm
PRI A — |, B 4T T4 v v 70y —/ViREM A —Y |, C it [T
WOV R BMOV Xy NEMBM O ) ZREE L TR-TWD, Yy 7
Y ROT YA ATERM DI 3 RZ T, 77— )V EXFNEDRE ML 2 K2 UA Y
¥ L AR ANKIZEFRROT A o Th D, Fxtgeinit 2 £y MEAL, 1 &y M
Hin M O EEEROFmIC, o 1 &y MISMEL, AROFHIIZ AW, E72fl

AEEREEOFAMITIX,

JY =7V =7 T, ¥ v hEHEHLL,

Table.5.1 Classification of clothing

R4 THD, A LT TEABWmEKHE 2 Hv

ZoEsndEsn s LT, RIS -T2 v Y, R

= WE - Ex  FiHI(ISO0)
TATL DR ) () clo
TriryNEE) £ 50%., RUIRTIL 50% 50 551.94 0.28 0.23
Eih RUYTZXTFIL 100% 30 - - 0.21
kR XRU(EE) £ 50%.RJTATIL 50% 45 30692 0.26 0.20
y-2ry #8 45%., RUTRTIL 55% 43 14458 024 0.23
EHY-2 vy ## 100% 51 30348  0.20 0.24
TxirybE) £ 90%.RJTATIL 10% 50 537.12 0.35 0.22
it RUYIRTIL 100% 30 - - 0.20
Att ARU(E) £ 90%.RJTZXTIL 10% 45 33164 0.35 0.24
Y-Sy # 100% 43 197.28 024 0.24
FEHy-2 vy #8 50%. RUTRTIL 50% 51 251.26  0.24 0.21
SxiryhE) £ 50%.RJTZXTIL 50% 50 49304 032 0.20
Eih RYIRTIL 100% 30 - - 0.24
Btt ARU(E) £ 50%.RJIRTIL 50% 45 31661 0.32 0.23
Y-y # 50%., RYTRTIL 50% 43 15275 0.23 0.22
EHiy- vy #8 50%. RYTRXTIL 50% 51 282.90  0.28 0.20
PALAIED! F% 100% 50 28781 026 0.24
cit ARU(E) 18 81%. RYTRTIL 19% 45 33678 0.35 0.14
-2y #877%. RUTZRTFIL 23% 43 20649 0.27 0.08
EHy-2 vy #77%.  RYTRTIL 23% 51 264.11  0.28 -
AoF T-2vY RYIXTFTIL 90%, RYrHL42 10% 30 13037 0.35 -
RyH X RUTRTIL 88%. ARUILAL 12% 16 60.99  0.41 -
z0f Nk L) - 14165  4.11
T # 100% 14 4868  0.82
#t 48 9 737.12 -
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Fig.5.4 Photograph of garments and ensembles used in this study
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5.3 BRI R

5.3.1 HAAAROBAFEST

B R AROBEBEHIE A2 5.2 X 5.5 (T, FRARE LMVIEL 3 BEFT,
XHOE N 8% EEA DL EITFERZBIML, £0 3EIOYEfHE LT,

BHEMEHT Icle(clo)iX 0.19~0.42clo DHIPATH Y | IRFEEL LTET ¥ 7y MR DBK
T Y RUYDIEE RS TWD, Fiz, Vr oy MIOWTE, kA
bE<, WNT, BH>C 4>A tolE, R i2onTid, C AE> ek >A +h
>B thE 20 | BRIV T S BEMETINME T, T7Rb b L <325 LRSI N
25 P vV IL A BAEAMEL . BAIY v VT A RS> HERE > C #:>B #LoliET
HoT,

H AR IROFNLBOBEBIES U A K 5.2 LK 5.6 17T, EFEEI X Ty b
%

WTNHEHOBBMEIIA b o L bm<, F=X M . B AIBOIETH 5,
WTIDAR L AP ER ST = X NS OBBRIIA b > & bm<. KR, T
BRONETH D, D55 C LD XN AIKEROBEEHE M L VIRV, R & s

YET Y Ty b ERTCHBRTH 208 DEITERLS . REREITABIR,
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Table.5.2 Regional dry heat resistance value of garments

BEREG Att B#t ctt &
nude

DAL L RAVREE = DEAVAE -2 DESIIDZ LS SR EWAVAIE = i DASAE 2 DRI DAL SN EVAVAEE™  DESIE-X: DA DAL ST N IVAVRRE = DEPAE =2 : D2 IR eOZ S I S V2
Head 059 0.57 0.58 0.56 0.54 0.57 0.57 0.57 057 0.56 0.56 0.56 057 057 057 055 0.55 0.57 0.56
Chest 0.75 1.56 0.80 1.1 113 1.47 0.77 1.02 1.1 1.52 0.79 1.10 112 1.37 081 1.08 1.1 0.97 0.80
Back 0.64 1.34 0.71 1.31 1.22 1.12 0.67 117 1.46 1.20 067 1.23 1.36 1.29 0.69 1.29 1.16 0.92 0.69
Abdomen 1.20 214 1.93 1.65 184 187 1.97 1.69 1.81 1.96 207 1.80 1.78 1.90 187 187 1.83 1.75 144
Buttock 0.88 1.42 1.30 124 1.39 1.37 117 1.30 1.4 1.40 1.29 1.34 1.30 1.24 1.15 1.27 1.29 1.25 0.97
Upperarm(R) | 0.70 1.40 0.65 1.10 0.94 0.94 0.56 0.85 0.82 119 0.58 0.88 0.76 1.07 0.65 1.07 0.99 0.91 0.47
Upperarm(L) | 0.67 0.95 0.56 0.55 0.70 0.90 0.55 0.62 0.71 112 057 0.60 0.89 0.82 058 0.64 0.77 0.57 0.57
Fore arm(R) | 0.75 0.84 0.17 0.06 0.11 0.29 0.25 0.53 043 0.83 0.26 0.30 0.86 073 0.90 027 0.27 081 0.78
Fore arm(L) | 0.68 1.41 0.83 1.28 1.19 1.22 0.74 113 112 141 0.76 1.29 1.21 1.27 0.76 1.23 1.19 1.04 0.75
Hand (R) 072 117 0.78 0.80 1.10 1.07 0.71 0.72 0.92 1.16 0.78 0.70 1 117 077 0.76 0.90 0.76 0.76
Hand (L) 062 0.65 0.64 0.64 0.67 0.64 0.63 0.62 0.73 0.64 063 063 0.66 0.70 0.62 0.60 0.67 0.60 0.62
Thigh (R) 0.63 0.66 1.28 0.66 0.64 0.66 1.25 0.62 0.64 0.63 1.34 0.63 0.62 0.65 1.09 0.62 0.63 0.63 0.59
Thigh (L) 0.48 0.58 114 0.63 0.62 0.56 1.09 0.58 0.58 0.58 1.01 061 061 059 1 0.60 0.61 0.60 0.61
Leg(R) 0.60 0.54 0.88 0.66 0.65 0.53 0.78 0.54 0.54 0.54 0.78 0.54 061 057 0.93 053 0.53 0.58 0.59
Leg(L) 0.48 0.67 0.32 0.38 0.68 0.66 1.28 0.63 0.64 0.65 1.33 067 0.66 0.65 1.06 0.65 0.65 0.64 0.66
Foot (R) 059 0.47 0.98 0.51 0.48 0.47 0.98 0.46 0.46 047 0.82 0.49 0.49 0.49 1.00 047 0.47 0.49 0.48
0.60 0.60 0.88 0.60 0.55 0.56 0.73 0.55 0.55 0.56 0.68 0.58 053 0.54 0.86 055 0.55 0.53 0.55
total 0.68 1.02 0.83 0.85 0.88 0.92 0.88 0.83 0.89 0.98 0.89 0.86 0.91 0.94 0.88 0.87 0.86 0.80 0.69
clo 0.34 0.15 0.17 0.20 0.24 0.20 0.15 0.21 0.30 0.21 0.18 0.18 0.26 0.20 0.18 0.18 0.12 0.01
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5.3.2 HAAKARDEHIEST

HRROBEIRITZ £ 5.3 LK 5.7 1R T, SKIRE VKL 3 HZITV, I
HOXN 8N EMZ HLGEILEREZ BN LT, 0 3RIOEHEOT —4 ThH 5,

TEEEH T 0.0035~0.0063 Re(kPa + nf/W)D#IFATH Y, RFETIET v v b kY
XK OEWBIPIN K E K TEHGORNAHER S NS, REINCASL E P 7> M
PEFRELMMBEEIC S <, T L T D, 2R iZon L, fekih>A #>B >
C th. et v V1L CAE>TERML>A A >B AEDIEE 70> TV 5, BEUEHTICHOWT
H B A TR B ORI R STV D,

L RAR DT OB FE 2 X 5.8 IR T, $HE2EH> Vv 7 v MIvnThnd
B OB, ZORZ L ORERMITT = A M B EFIAE N, AR T
Thb, AHAERLS TOWDEHOMEMR > & bREhoTo, By v &y v
EBITIEHDEDR @212y, CAED T ¥ VIR Y CONMENRELS F= A MBTHm

VME2VR STV D,
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Table.5.3 Regional evaporative heat resistance value of garments

HEERS A%t Bt ctt HiE
nude
Txiryk A FHvy | RSy | Dvsruk "oy FHvy | RSy | Ovruk A HH#ry | RSy | Ovruk A HHry | Ry | T-ev rSvH
Head 00143 00172 0.0160 00153 00144 00153 00158 00137 0.0136 00175 00162 00154 0.0141 0.0160 0.0160 00176 0.0160 00151 00162
Chest 00257 0.0780 00218 0.0408 0.0420 0.0270 0.0228 00394 0.0459 0.0208 00223 00412 0.0426 00313 0.0205 0.0609 0.0612 00314 0.0303
Back 0.0142 0.0291 0.0155 0.0277, 0.0261 0.0267, 0.0182] 0.0266, 0.0365| 0.0278] 0.0186| 0.0292| 0.0268| 0.0405| 0.0172| 0.0286| 0.0240) 0.0216] 0.0169)
Abdomen 0.0307 0.0795 0.0640 0.0628 0.0830 0.1142 0.0661 0.0662 0.0807 0.0809 0.0659 0.0853 0.0769 00743 0.0542 0.0625 0.0623 0.0430 0.0476
Buttock 00191 0.0296 00222 0.0258 0.0304 0.0282 0.0219 0.0299 0.0304 00318 00224 0.0285 00312 00277 00195 0.0363 00324 0.0263 0.0310
Upperarm(R) 0.0215 0.0385 0.0191 0.0261 0.0301 0.0234, 0.0246) 0.0202| 0.0204, 0.0316| 0.0203, 0.0323, 0.0243, 00282 00175 0.0306 0.0245 00218 00216
Upperarm (L) 0.0141 0.0295] 0.0168| 0.0154, 0.0276) 0.0246) 0.0150) 0.0228] 0.0255 0.0253, 0.0129) 0.0219) 0.0323] 0.0254 0.0150 00195 0.0280 0.0215 00169
Fore arm(R) 0.0173 0.0188] 0.0167, 0.0147, 0.0156] 0.0171 0.0166, 0.0189) 0.0189) 0.0178] 0.0167, 0.0183] 0.0198] 00164 00159 0.0220 00198 0.0200 00163
Fore arm(L) 0.0187 0.0273 0.0208] 0.0255 0.0218] 0.0314 0.0175 0.0225 0.0224, 0.0310) 0.0192| 0.0233] 0.0206] 00277 00198 00237 00213 0.0229 00232
Hand (R) 0.0153 0.0261 0.0168| 0.0179) 0.0299) 0.0275 0.0175] 0.0200, 0.0209) 0.0292| 0.0168| 0.0211 0.0316| 0.0338 0.0160 0.0226 0.0235 0.0229 0.0261
Hand (L) 0.0175 0.0190) 0.0220 0.0185) 0.0201 0.0185) 0.0161 0.0209) 0.0286, 0.0194, 0.0162, 0.0161 00233 0.0248 00165 00174 0.0208 00192 00167
Thigh (R) 00137 0.0190 0.0376 0.0169 00162 0.0189 0.0462 00168 0.0199 00167 0.0403 00169 00171 00210 00322 00214 00215 00164 00258
Thigh (L) 0.0143 0.0142| 0.0309) 0.0156) 0.0154, 0.0164, 0.0283] 0.0161 0.0159) 0.0117, 0.0311 0.0149) 00159 00141 0.0279 00168 0.0145 00123 00114
Leg(R) 00115 0.0126] 0.0184] 0.0113] 0.0121 0.0123] 0.0141 0.0098| 0.0113] 0.0118] 0.0096| 0.0118] 00121 00126 00122 00110 00110 00111 00117
Leg(L) 0.0187 0.0192, 0.0407, 0.0191 0.0173 0.0203, 0.0430) 0.0173, 0.0180) 0.0196| 0.0469) 0.0183] 0.0176] 00175 0.0297 00178 0.0200 00194 0.0259
Foot (R) 0.0194 0.0168] 0.0310) 0.0158] 0.0157, 0.0181 0.0290) 0.0158] 0.0158] 0.0165, 0.0227, 0.0160) 0.0152| 00163 0.0386 0.0166 00185 00158 00149
Foot (L) 0.0114 0.0116] 0.0188] 0.0133] 0.0117, 0.0125 0.0135 0.0110) 0.0122] 0.0121 0.0110) 0.0107, 00110 00132 00167 0.0120 00113 00121 00120
total 00167 0.0229 00222 0.0201 0.0206 00213 0.0219 00197 00213 0.0204 0.0207 0.0207 0.0208 00222 0.0205 00224 00217 00192 00198
Re 0.0063 0.0055 0.0035 0.0040 0.0046 0.0052 0.0030 0.0046 0.0038 0.0040 0.0040 0.0040 0.0055 0.0038 0.0057 0.0050 0.0025 0.0031
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5.3.3 MAEOEHEKDOBEEEGT

INHOHGEKREZHAGDE, I HITH o & b MBI T8O 2 @5 H
L7z & EDOEREROBEAEN O R EZE 5.4 LK 5.9 ([T, fEkih & &iE bic
MORL 3 MfT-72, FHEDOT —2 Th b, HAEDOEKIROBEEIRIIX 0.74~
0.84clo DHIFHTH o7z, A—> LM v Y OMAGOEOHEIE At >7EkMm=C
H>B HOIETH > 7= REDETD RN, A=Y L BT v Y OMAEhEDOHEAIT
ki >A #>B f - C #DIETH 7, A=Y LRy v Y OMAEDEOHE .
7=V ERF ¥ A URNCHEA LT 2B R e b IERPUTES S <L BRSO 7 — e

ZNRBRD BN D,

Table.5.4 Dry heat resistance value of ensemble

HAHEDHE
F AT LA wWE [Ex EX T BER FHY-Iry BHiY-OvY

EE®%) (mm) (g) clo clo clo clo
oxirybk 50 0.28 551.94 023 042
s RATRY 45 026 30692 021 025

s . 0.75 .

e FHY-S Y 43 024 14458 020 026 083
E#Y-2 vy 51 0.20 30348 023 0.24
¥k 50 035 537.12 024 034
Xy 45 035 33164 022 023

AL wal sy 43 024 19728 020 0.7 0.76 0.78
E#Y-2 vy 51 0.24 25126 024 027
vk 50 032 49304 024 024
ARy 45 032 31661 021 022

BH wamv-opw 43 023 15275 020 0.7 0.74 0.74
EHIY-2 Y 51 028 28290 024 0.19
Sk 50 026 28781 023 025
ARy 45 035 33678 0.22 027

C W . . .

I OT VRSN 43 027 20649 020 020 075 0.74
EHIY-2 v 51 0.28 264.11 024 0.20

Ao+ T-%Y 30 035 13037 0.14 0.14 - -

Ry R 16 041 60.99 0.08 006 - -

H£AH <Nk - 411 141.65 - 0.01 - -

#HT 14 0.82 4868 - 0.01 - -

# 9 - 73712 - 0.01 - -
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Fig.5.9 Comparison of dry heat resistance value of each company (ensemble)

129



5.3.4 fAEDOEERKOEERIST

SR 70 TRE O T 2 3@ICHE LT & E OE R EEROBEII O R 2K 5.5 &

5.10 12T, S HEEROEBEMTIIT 0.024~0.028 Re(kPa * nt/W)D#il/H T,

PE2k i 0.028 Re & BiFE M 0.024~0.027 Re D 71T 7200,

Table.5.5 Evaporative heat resistance value of ensemble

HAEHE
FATL wHE Ex Bz A8l BE FHyY->vy  RHy-Svy
EE®%  (mm) (g) clo  Re(kPa-m/W) Re(kPa-m/W) Re(kPa-m/W)
yryhNEE) 50 028 55194 023 0.0062
o AR (EE) 45 026 30692  0.21 0.0039
BER A Y-S 43 024 14458 020 0.0034 0028 0028
E#y->vY 51 0.20 30348  0.23 0.0054
Trryb(E) 50 035 537.12 024 0.0037
ARU(E) 45 0.35 33164 022 0.0040
At FHY-2 Y 43 024 19728 0.20 0.0039 0026 0.027
E#y-> vy 51 024 25126 0.24 0.0039
Trryb(E) 50 0.32 49304 024 0.0045
ARU(E) 45 0.32 316.61 0.21 0.0045
B Lmmv-oey 43 023 15275 020 0.0029 0026 0.026
EHY- vV 51 0.28  282.90  0.24 0.0051
Crryb(E) 50 026 28781  0.23 0.0054
ARU(E) 45 035 33678 0.22 0.0049
Cit FHy-ovy 43 027 20649  0.20 0.0056 0024 0.027
EHY-2 vy 51 0.28 26411  0.24 0.0037
AoF T-%Y 30 035 13037 0.14 0.0024 - -
Ryo R 16 0.41 60.99 0.08 0.0030 - -
#*H )Lk - 411 141.65 - - - -
T 14 0.82 48.68 - - - -
#t 9 - 737.12 - - - -
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5.3.5 HAE RO g )ik o T

MG ioEH1K% Mecheels & Umbach 7842% L7 g% W TR IS % T
L7z, Mecheels & Umbach (ZEROBBGIHT & BRI D, T OKMAEEH L
7= & & OPEREEE FT A REQQ@D X D ITIREL TS, ZOHFERIIHEITY
—VINT XX TROIZEDORE R RD & Re ZRATHZ LITL - T, FHHAGDEE
KOPHELFERE B L RER 5.11 1077, FHEMERLTWDE T —LERXA—
VIR, T VERBROEL 2o RIR 28CEZ VT LTV A NEMNITONTHREHZ
Mz 7z,

BAHEROPBEIL S . FHRHTE 60%RH ORFOBREEXIL & 25 & TRk FIRIZ,
BT 22.0°C, A 22.5C, B4t 22.8C, C tf 23.3CLRR EH LTV D, — 7,
PR FRITZE M 26.8CITk LT, A 1 27.2°C, B 1 27.8°C, C #: 27.3C & 72
. A2 04C, B4EAS 1.0C, C #:28 0.5 CHEWRIRTHRE CWHILDH Z &R L
TWo, Filo, KBEESROE RS, A tf, B 4t C 4L 720 | PRIEA RN &

WR 5, L, Wihb 28Ca 27 V73 HIIEELT. SHRIBRDKRDLND,

ta - min = 32-Rd[H—0.06(35.7—Pa)/Re] ~  «-oeoreeee (1)

ta * max =36-Rd’ [H —0.3(44.6—Pa)/Re’ ] --eee (2)
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Fig. 5.11 Climate Adaptation Area (ensemble)
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5.4 #%%

U bEORERERD & BHBRE LI ZROTHIBE L TOHRIUIRD N B DD,
Hifh 2 L OBEBGEST Tele(clo) X 0.19~0.42clo O#FFATH Y | IRFEEE L TEY ¥ 7 v b
NDEBREL, Ky vY, B vy, RUYODIEER->TND, T, Vv
MZHOWTIE, ki bm<, IRWT, B t:>C f>A tEDJE, /<> iZonT
X, C #E>fEkim>A #£>B e Z20 | BTV TR L BB AIK T, $742bb
UL THLRDI PR D, s v id A BAEAMELS, By v Vi3 A #>1¢
K >CH>BrThoT-,

AWFRICBENTIE, AMEOBERELZ Y 2 2 L—F LTI —~L~XF & H
WHZ LIZE o T, RKIREZEEIZFHIT 2 Z &R TE 72, EITP—~/r~31F %
SRH) 2R B 2t L T D MEEE TH D,

HOBEEHTIT 0.0035~0.0063 Re(kPa « ni/W)D#iFH T 5, RN TIXY v 47
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