<R &>

XYM £F S8
&2 - 2oy’

LM B

82Ldle HHYolgle LolE &I HA
Aot 2 201 Ao AiALS] oA A8
a1 840 d& AAn Ytk x e} £
o] AL 4] Aol 3= o] FtAA TheFt A
9 FFof gt Al Fo &37F FUistz QL
31 o]E 3 ] 71A] Aol A AlghEo] Bt
A3 8 E= JAHT Y AFES vkt 9

= Aol AALHA ¥gd Aolgtar Ho
Ak, FRU 7149 A E ZAde] kA
Z9l 22 EX AL HHP4L Fa3F o]
#71 € yehx Jotns s

HA el ZlE EHFo] e dHHL B
d3le AL 43 AR AAHAA Bzl
7ol EFo] 919l dele] F23 FHQ
Z Jehllei ASHRAEIME |8 F99 873
o tigle] A= AL gL FHAHY =
< FE vk eSO 7730)2ka T3ta gl
t}. o] A& AF (BE)olehe SoldlA 71 EAHA
23l e ulsie #(comfort)'s] 9
ul & 712l 3 glen, ol i) § A ol A
ZAojn A2]AQ ‘Bi(pleasure) 2] SHol 8=
L& Izt A3 AFAA F83A dF
=3 st

BadAe 2474 AgNASTE HY
olnjoxe] €7 327 (thermal comfort) & &
A& djo] Ay AH-E A E 3, o] & TR
HES 53l g NF2 AANE & Ue W
toz ZAAQ IS0 REEL A/ Hell=2
ESB S So] Agsiaxt jir) olgy 8=2S

d dFHR e AFA gujdX e hE £
&= 71T 1 88 ol E AW d.

2. 93 = (Thermal Comfort)

Rohles[1]& AolglE #7100 g 8739]
Gl thste] AT of WEA] melF ool
e WUES FHsle 3349 Al modelS
dAAHAEY ©]E Ecosystem Complex 23t
SH( Figure 1). o1& A Al 712 2§52 8
Hol gled AAZR, B3 I4E FHsie
g3 89E, EAE 37 Yo SAldke 4o}
de RTIAES BAREH 8% 8918, 1
x upR|ge g {rlAe 87 AloldA HE
Zaste) F71A7F B HeE ¢ I=E 3}

0‘0‘0"‘

Figure 1. The Ecosystem Complex.
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Figure 3. Comfort zone in summer and winter
(ASHRAE 55-1992).
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Figure 4. A five-level system for the analysis of the physiological properties of textiles and garments
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Table 1. Moisture permeability data for clothing ensembles measured with a sweating thermal manikin*

Ensemble Total dry resis- Total evaporative resis- Moisture permea-
tance R, (m-C/W) tance R.. (m-kPa/W)  bility index i.
1. Men's business suit 0.262 0.044 0.32
2. Women's business suit 0.248 0.039 0.35
3. Men's summer casual 0.186 0.027 0.36
4. Jeans & shirt 0.197 0.031 0.32
5. Summer shorts & shirt 0.158 0.023 0.34
6. Women's casual 0.188 0.026 0.41
7. Women's shorts & tank top 0.144 0.022 0.27
8. Athletic sweat suit 0.209 0.029 041
9. Sleepwear & robe 0.233 0.035 0.37
10. Overalls & shirt 0.226 0.035 0.35
11. Insulated coverall & long underwear 0.302 0.048 0.35
12. Work suit & trousers 0.236 0.037 0.34
13. Cleanroom coverall 0.240 0.039 0.32
14. Wool coverall 0.260 0.042 0.33
15. Firestop cotton coverall 0.248 0.038 0.35
16. Modacrylic coverall 0.251 0.038 0.36
17. Tyvek coverall 0.237 0.045 0.26
18. Goretex 2-piece suit 0.268 0.044 0.33
19. Nomex coverall 0.251 0.039 0.35
20. PVC polyester knit acid suit 0.253 0.105 0.11
21. PVC/vinyl acid suit 0.262 0.126 0.09
22. Neoprene/nylon suit 0.264 0.120 0.10

* from McCullough et al. (1989)
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6711 WQIES o83l 4tEsin, 1 Wi
o 2
PMV =(0.303¢-0036M +0.028) {(M —~W)—3.05
X 103X [5733 — 6.99(M — W) -p, ]
~0.42X[(M —W)—58.15]-1.7
X 1075M (5867 —pa ) —0.0014M (34 — 1, )
~3.96x10°8f,, x[(t,, +273)"
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= (tr +273)"1= forhe (tg —ta)}
olmjel,

t,=357-0.028(M - W)-1,{3.96x10°¢f,,
X[ty +273) = (& +273) 1+ fyhe(t,y —1a)}
he =2.38(t,; —1,)*%
for 2.38(t; —.)°% > 12.1\V,,
121NV, for 2.38(t,; —1. ) < 12.1NV,,
f2=100+1.290I, for I, <0.078 m2-°C/W
1.05+0.645I, for I, >0.078 m2-°C/W

@, M: metabolic rate, W/m®

W: external work, W/m”

I thermal resistance of clothing, m?-°C/W

f+ ratio of man's surface area while clothed,
to man's surface area while nude

t,: air temperature, °C

¢, mean radiant temperature, °C

V.. relative air velocity, m/s

b, partial water vapour pressure, Pa

h. ‘convective heat transfer coefficient,
W/m®-°C

ta* surface temperature of clothing, °C

h: convective heat transfer coefficient,
W/m?-°C

T3+ PPD(Predicted Percentage of Dissa-
tisfied)= Q@AY AEdt 4oz JALS
7R B3k, F, PMV A$7F +3(hot), +2
(warm), -2(cool), -3(cold) 522 Y& A s
o] & 33| sl MLE AFEA, o
PPD A& ISO 77309 Wt PMV X Ak
Zof th3-3} o] A&t

PPD =100 — 95 X ¢-(0.03353xPMV4+0.2179xPMV2)

ISO 7730414 €4 87l tidt] #AA3
92 7tgde g2 -0.5<PMV<0.5°]t}. o]
g ¥ 9] 2tillA] PPDE 10%E 2381A] Yt
PMV € PPD AFEL "% GAY &3 A
drAe ALE & g AAR -2<PMV<2 A}
ole] e, F Fo] A YA e 33
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Figure 5= PMVE &3] 13t AAIg
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= HYE A 89 42 1SO 773001
Al BAFa glE Holth o]& o] &3ld ta
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%, 989 clogto] S71gtd] uhe) A S5
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F7bete RHe) AT HA BFLEE o}
7t} dlE& EW 28 2571 26 °Cola golsl
= AN F4E5 HE J(#E 5 1 met=
58 W/m®)oll €4 A& FA87] Y3t <
Ae 7ML A E2 N3 1,=0.5 clogl 2
& Fgsloof g}, 2Hg 257} 21°CE @
olAH QA= @3 HALE KA Yol
I=15clo}] 9E-E FL3jcof & HALE
w714 "t

T 5 o] 2 met2 715 21 Col &
0.5 clo®] 91 8-& #4831 12°CAME 1.5 clo
o] o] B-& araslo]of HAS =7 Holr} of
= A7 €4 AR 4437 fEke] 0.5
cloolA 1.5 cloZ29] o8 Bd8 F7F= 1 met
o] B LA g 2571 26 °ColA 21 °CE

0 0,1 0,2

15 clo

0
Clothing
Figure 5. The optimal operative temperature.

ol o} 313 2 metd] BFHFZE 21 °Col
Al 12 °CE YolAof gt AL 9jv|git}t. 1
Hu vt GoldFE 4 7ted HY
£ HolAT &, 28°CAAME +1°C HHolA
T 14 °CAME £4°Co 8 7Hs HAZ &
2R A=

WBGT %|4~& o] 83 Heat Stress 37}l off
& YISO 7243) : ISO 7243 T2 834X
24 Rpol| thEt @F ~EHAE FH 81| st
Dukes-Dobos®} Henschel®] d-+{241o 713}
o} WBGT(wet bulb globe temperature) X%
AAVBId £}, 7} A heat stressol] ThdF <t
A= 23HA= Table 29+ 2ol Ve Qi)

Table 200X AABR B2 #7309l WBGT
3 g2 o 38 JHLEE 38°CE Y.
ol & o] &3] Htd AEWRY 253 HUE
oAM= AFuiAtE Frket Tl B33
205 a3y, 1 o] ALl st At
ol i3t Yr1& A3l A7k A 8
deol o "o "o odrleA ALE"
WBGT A& 1t&she L o33 Zoh

AEWE9 254 UE R

WBGT = 0.7t + 0.3t

aEln A e A E YR

WBGT =0.Ttmw + 0.2ty + 0.1,

4, £ natural wet bulb temperature
I, temperature of a 0.15 m diameter black
globe
[, air temperature

WBGT A5t 22139 Eolo] tate] the
3} o) H5A & Fol A2 A,
WBGT =
WBGT,, 0y +(2 X WBGT jy40n )+ WBGT .
4

Freee 48 7l 1] g 7]
75 UxE 23T "o+ Qlvt. @, ISO 7243
o] Agol= Aol ded, ole d LA
et ol Eo FIrl BAS = § Fr|o) S8
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273 - 344

Table 2. Safe exposure limits based on WBGT heat stress index used in the ISO 7243

. Metabolic rate, M
Metabolic

Reference value of WBGT

Related to a unit skin Total (skin surface Person acclimatized to

rate class Person not ac-
surface area, W/m® area, 1.8 m*), W heat, °C climatized to heat, °C
0 (resting) M<65 M<117 33 32
1 (low) 65<M<130 117<M<234 30 29
2 (moderate) 130<M<200 234<M<360 28 26
3 (high) 200<M<260 360<M<468 25° 23 22! 26°
4 (very high) M>260 M>468 23 25 18 20

* no sensible air movement, ™ sensible air movement.

B30 gleAA 0.6 clog] SEEH-E Ad A
ol FAE-S F8-3 Feol Mgt o] B9
go] &9t gy vd FE FAo] gl
o5& ALIATH ¥ B E AEHAE of
718 Aolng F3ghe o Yolxlof 3}, wha
o BAlg =& e B A e o
£ JohA Fuge o golA ok g, ol&
ojF-g] w|Fo|gtx FugE FolMHA Qo A=
A =&E ¥l o] ol FastA ed
Rol7] wWieltt, azjug APt HEHg
2839 AY d &) Fugs 239 E& 4
SollE 2GRk Fo] AR MY < =
AE @ W B} o] 9] 22 B4o] W83}
A At} 2214 IS0 7243904 AAE vy e 3
o AEe AAE 84S ST At

Aol AFE ule} 2L A SR
o 7lolA AAIBHE heat stress index?! WBGT
AHEo] shgeitE Aot} wd WBGT x|
7t FHEAE Bud oSl A7 IS0
7933% ol &3t T vl ALY B S & 2ot
A71A At

4 2EdZe Wit £43 W3 7]1&(01S0
7933) : @ 2EHAE WA He AlEe B2

< ZEA 9o metA o Ee] S8 Fga
FHZ7Y FE 4 T8 HA & RIS
A o T ojobgt g}, Vogt F[25]°l
ojstd HAE SW,(the index of required
sweat) A|TE B WAEMFH & T2
AG(R)E TFAL = ISO £F 22 /i
At

SW,(W/m*)& A2tsl7] 95l 2ol &

fr O oft

Ag7leat 4, A28 A 435 19984

FF0E W), 989 ddF ()T LAY
(R), ¥l 7FX] &3 A A, &, po V), T BF
A< 23} £571%(P)S Sk gt o
Z1elA Bed M, W, L2 ISO 72433 1SO
79339 AAE E2HE FE 4 Qivh a8z
R= o2 A o) ALdE £ ot

e =1/16.7hcF,y

Foy = 1/(1+0.921,)

o, F,.: moisture permeation efficiency factor

A 8734 Hee AQA7F 4 F3ee
Eol|A Ao g}, AYRI} B 270]

£ 2 Ul Fa2 o]FFchd Alzte) e
N1EAE F S &3k & Aot} Pt
2 Hd HRE(Wd B2t g2 138y 4,9
23 A2 HPolxu EWY 7|FE 87
o}, o]3 g 2L H3l7] A ISOM = bl
& B4 =28 YA £=36 CE 713t
i, o] & P,=5.9 kPadl] 2234 Er}.

W, A5 T Aoz 33

SWreq = Ereq /n

&, E,.; evaporation required for the main-
tenance of the body's thermal equili-
brium

Ereq =M —WiC i'R

@, C: heat exchanges by convection
R: heat exchanges by radiation

N=1-0.51"560-Vrep)
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t, W, required skin wettedness=E,,/E,p.
E pax = Ps,s = Pa)/Re

@, E..: maximum vapor uptake capacity
of the ambient air

R '_'h’Fcl(tsk —tr)
C =hFylty —1a)

©, F,: reduction factor for sensible heat
exchange due to the wearing of
clothing

Fcl = 1/[(hc +h’)1cl +1/fcl]

9,

h: convective heat exchange coeffi-
cient, W/m®*-°C

h,: radiant heat exchange coefficient,
W/m?*°C

I; thermal insulation of clothing, m*:
°C/W

fa ratio of the subjects clothed to un-
clothed surface area

h. 3& O F @4 240 w2t o 48 43}
o 7 4 9t}
$A, A7 $HANME h=2.38|f - 1%
2o 2, AT A=
Vo<l m/s°|d h=3.54+5.2 V,,
V.,>1 m/s°ld h=8.7 V3¢ o]t}
T b, G2 O Ad) 98 & 4 3l

b =46 £y -Ar/Apy [t +14)/2+273

461

o, o: universal radiation constant
(5.67x10° WmK™)
€4 skin emissivity (0.97)
A/Ap: fraction of skin surface involved
in radiant heat exchange

W2 T3e A& o] &3ty thF A%
T, s, A4 25, a2a 7§ dEeA
Zt7] e ol &e] "ddE ) disld 87HE
&3 D REFEE S YR 4 Y o 2gE
U2 & 87300 48 o & Fol dg ¢
B9l d&g votd 4 A Bt IS0 793304
= A 43S, YR F548, E 53 T ¥
AL FARE Table 39149} o] AAstL QL
t}, 716 vehte JAXNES 4 £3 33
AN A5 A S A GAZ AAH T 3l

IREQE o] 2% Cold Stress 7} H(ISO
TR 11079) : & #73A = ISO TR 11029,
evaluation of cold environments-determina-
tion of required clothing insulation(IREQ)<
o83t QA7 d HA L FAshe o B8 9
o ddy e A& 4 3lv). °]+ Holmer
o] A7 272612 FE 24T o= g7
A AAIBHE cold stresse A AA| < A2
54 FA0H, AU €2) Z56d A48 5+
et o] IREQ A ¥Ee g HEE fA sk ¥
83 HA% 9B dAH(IREQ..)H €4
HAHAE ATE & e Fx &) gddy
(IREQueura) F 72 0] B 4= glom o]l &
TEE 5 e AEF 7IEL Table 491 AR
o] 9t} 7)o A cold stresst= QA AA ==
AA Y EF HALE, AR B) 254 348

Table 3. Reference values for the different criteria of thermal stress used in the ISO 7933 for the analy-

tical assessment of hot environments

Non-acclimatized subjects

Acclimatized subjects

Criteria Warning Danger Warning Danger
Maximum sweat rate, SWo., (W/m?)
Rest (M<65 W/m?) 100 150 200 300
Work (M>65 W/m®) 200 250 300 400
Maximum skin wettedness, W 0.85 0.85 1.0 1.0
Maximum heat storage, Qu. (W - h/m®) 50 60 50 60
Maximum water loss, Doy (W - h/m?) 1000 1250 1500 2000
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Table 4. Suggested physiological criteria for de-
termination of IREQ, DLE and local cooling

Minimal Neutral
Type of IREQ IREQ
cooling Parameter (high (low
strain) strain)
General IREQ
tk (C) 30  35.7-0.0285M
w 0.06 0.001M
DLE
Qi (W - h/m?) -40 -40
Local Hand)temperature 15 24
(<
WCI (Wind Chill 1600 -
Index, W/m®)
Respiratory tract -40 -
& eye

temperature (°C)

& itk ol IREQE: thee] & F4of 23t
2213
Iqg — 1
M —W —Eres —Cres —E
M-W—-Es —Cres —E=R +C

IREQ =

@, IREQ: required clothing insulation, m’-
‘C/W

t skin temperature, °C

t.: clothing surface temperature, °C

M metabolic power, W/m’

W: effective mechanical power, W/m”

E,..: respiratory evaporative heat
exchange, W/m’

C..s* respiratory convective heat
exchange, W/m®

E: evaporative heat exchange by

sweating, W/m’
R: radiation heat exchange, W/m®
C: convective heat exchange, W/m’

Fgatn Qe o] Gue] Fojn
AN 27 e vdddl plAx] Eohe
Aol 3 AHelxs 88xFAHDLE)E
theel 4oz Y 78 4 Ak

DLE=_Q_““1
S

HA7len g, A2 H A 4% 19984

- B/g el

@, DLE: duration limited exposure, h
Qi heat storage limit, W-h/m’
S: rate of change in body heat content,
W/m’®
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Table 5. European standards for protective clothing
Nos. Titles
EN 340

Protective clothing-General requirements

prEN 342 Protective clothing against cold

prEN 343 Protective clothing against foul weather

EN 381-5 Protective clothing for users of hand-held chain saws-Part 5: Requirements for leg protectors

prEN 381-6 Protective clothing for users of hand-held chain saws-Part 6: Requirements for boots

prEN 381-7 Protective clothing for users of hand-held chain saws-Requirements for chain saw pro-
tective gloves

prEN 381-9 Protective clothing for users of hand-held chain saws-Requirements for chain saw pro-
tective gaiters

EN 412 Protective aprons for use with hand knives

EN 465 Protective clothing-Protection against liquid chemicals

EN 466 Protective clothing-Protection against liquid chemicals (Type 3 Equipment)

EN 469 Protective clothing for fire fighters

EN 470-1 Protective clothing for use in welding and allied processes

EN 471 High-visibility warning clothing

EN 510 Specification for protective clothing for use where there is a risk of entanglement with
moving parts

EN 531 Protective clothing for industrial workers exposed to heat

prEN 533 Protective clothing-Protection against heat and flame

prEN 943-1 Protective clothing for use against liquid and gaseous chemicals, including liquid aerosols
and solid particles-Performance requirements for ventilated and non-ventilated ‘gas-tight’
(Type 1) and “non-gas-tight” (Type 2) protective clothing

prEN 1073  Protective clothing against radioactive contamination

prEN 1150  Protective clothing-High-visibility clothing for non-professional use

prEN 1486  Protective clothing for fire fighters-reflective clothing for specialized fire fighting

prEN 1511  Protective clothing-Protection against liquid chemicals-Performance requirements for
limited use chemical protective clothing with liquid-tight connections between different
parts of the clothing (Limited use type 3 equipment)

prEN 1512  Protective clothing-Protection against liquid chemicals-Performance requirements for
limited use chemical protective clothing with spray-tight connections between difference
parts of the clothing (Limited use type 4 Equipment)

ptEN 1513  Protective clothing-Protection against liquid chemicals-Performance requirements for

limited use garments providing chemical protection to parts of the body (Limited use
partial body protective equipment)

prEN 1621-1 Motorcyclists' protective clothing against mechanical impact

prEN 1913-1 Survival suits-Constant wear suits

prEN 1913-2 Survival suits-Abandonment suits
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Figure 6. House of quality: an example for the development of army's training wear [31].
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