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ABSTRACT

The purpose of this study was to create a database of information on fabric factors(i.e., fabric
insulation, fabric weight, clothing weight, fabric thickness, air permeability, and water vapor
resistance) of clothing used for insulations, to compare them according to clothing types, and to
estimate thermal resistance of clothing using these factors. A total of 25 kinds of clothing were
selected(9 types for suits, 6 types of jacket, 5 types for shirts, and 5 types for trousers). The
results of this study were as follows;

Thermal insulation of clothing showed the highest positive correlation(0.85, p>0.01) with
thermal insulation of fabric and very high positive correlation with water vapor resistance, fabric
thickness, fabric weight, and clothing weight, respectively, 0.77, 0.77, 0.73, 0.71(p>0.01). Fabric
weight of jacket was higher than that of shirts and trousers. Air permeability of shirts was the
highest of clothing types. Clothing insulation of jacket was higher than that of shirts and trousers
and its fabric insulation was also the highest of clothing types. Regression analysis showed that
fabric thickness, water vapor resistance, and fabric weight would be useful factors for estimating
the thermal resistance of clothing.

Key words: thermal manikin(® ¥ vhd]7]), thermal resistance(&4 A ¥}), clothing insulation(2] &
B2, clothing factors(2] & <l=}), water vapor resistance(%£5% A3}, wind
velocity(71 )

orresponding author: Myoungsook Kwon, e-mail: msk0100@hanmail.net



Agg AR wey %ol 2dgge) # A7
I. M2 7k Agse} g’
T AEvpZE o] &% A ¥ 87
252 LEEANS A AR HE R 95 A 21 Aold F de ATVFLAMT Feo] 7}
9] &, Z7), $FEAYEAD s P BA7 2 Fobet =3 WEehiZle] SL7bedA o] &817] of
om I AR wel EE5A0 AHH % o2 O AF3dde A4 48] S&dE
2 JEE 871Esk #8449 4§ A7 oM EEHE 43 X @2 45 3

A
g & gE g3 Yol ¥ A7t B

Hztell & g |3 WF, AE E R ¢ g

270, FEAG B0 4L nAE AAES A4, dgoitt. 53l Suieln 24 a4 Ads dst

Ab HE, R Q7 ¥ @700z Eo g uj$ o) of WEekdizlE o] &3 87 2 AeH 279 B

s olH g AANEL MEZY FHAL 7HAH B &3 g AARE Q7] wrlE 2E7E g F

gHoz afste] oo LAEHL AAL7 b A= FEF Y BE2Y 471 AASsL B

Bo o1& AAFHLE FH37Ie A oY 24 AR F4E 959 #HEZY FF FA,
A2 AYRA S20] FolNT ATE W YAL A& FA, A& g 5o AAE 0§ F THE 9

929 7t NEHOE o]foj Qo] e}l oBo S5 ool @ AFol dasit

AR har ;o] A ol T Yom oi gepx & ds Sieda dE 2y oF

AEe] o 7% 2 LYERL JHI}A F € FREI 059 2EEALE EMsE Y Be

AL AW A A D gAY FHAL Hrla 3 &R TEEAY U HelHE &3, HE

T 1EEA FRT Qaolth EE HHPAEANA # o E GA A

o) WeA 2o AENELe] FHHHT U7 3% Rzl d¥e T8 E2¥ae] AE 2Ase 2

7}7ER 2pEEk A E) e Bl £ FQAHUA 28 Z47eg Aassa, 258 ZAENRE vt

elRAEe B4 Wyl AE ZoEA 5 G dF 7HeAdel B2 AXE AAEY ol HF

ek, H2A & e 7z 82 452 d9d
SlHe 2HENL Mg 29g QAo W

& F48AY AR dEse Wyl F2 A} M. oA e

%&1%11%. Agdree HEGAY %%%*5‘0%1 #

& st geen"M! Huohyzie o448 AF L A%jo] MA 2 EM

o) A A3 AAY AV Fae #ae] w

2 oo dAgrxe] Wit wis @47} ZF2 3 ABHL e AL 98 FAXN HF EePe

st A" Havenith 57 46}‘3 o AdE A TALE BT 7184 2 749 95S 9%

Qe o Boh 12-36% z%}w] QA&7 7+ aeH L2 HAsgen, *’%!01] AMEE 98- (Table 1)

QA AeEc Ao Y& } of F&ae] 9 A Jehddwk AAFEAN FE DAV G2 B4

el(£% 4lm/sec ©l8h PE A% 36km/mp)  ° SREAED 3"5‘** HIE 1T R BEE 2%

72-829%9) AR Bry HdEon o £ MASET gt FE UMEFE gy,

AYAE FEERu 4 9 o gastany ¢ V9P 2AE FE AN Axge Fus

o E# McCulough & Tzos 2%d ga  H5F THY TR oudRE F2 44

W7l A8e AN H 37km/hre) £5E o, sALE YA 48 siAZA g 24

AL W R IAFAE Wz A o} 24-51% Adatdcr MR YZoE9 ANE FY4T T7)

& Aegle] Abgstel H2Y §F A 9Es 4

AL gagioy RaEdch SulelME Aol )
G 98 opgBo Bed diS 9§ A Aol o] gr)eke] whE gakg wiAl sl A st

i} [+) T

- 25 -



RREM 28584 6%%
{Table 1> Characteristics of Samples
| e Fabric count
Sample No. = duct's o bie Composition Warpr§ft
; ] {Number/in)
J-1 JGA1172CQ F 105 &4, MAlele] 100% 47x40
J-2 JGA1189HN F 105 4], AA] 10% 50x41
ANE 3-3 JGAIIWO03] F 105 =u), 43/2(50/50) 72x64
(FRAA) | -4 JRA339JEL F 105 3 E, AAH50% 62x43
J-5 JRA34KBRI F 105 FIZE, /AI1110% 57x41
J-6 KDA35X01K F 105 BHIRE, A 10% 63x37
P-1 5180 917(XL) A4, 28 € 156x104
P-2 6409 52 ANY, #Hex 184x170
P-3 5105 581(52) ae], SHWAEH 179x103
L P-4 E29EARA XL Ao, AsgolE 141x99
(H;g:ar) P-5 | 8154 999(52) ool E A 162x76
P-6 7567 52 A=Az EL -
P-7 8112 52 T2 ZE 167x141
P-8 KGA3292T3 F 105 ANd HH 249x91
P-9 KGA33K77C F 105 234 ¥4 252x90
S-1 5344 105 Y= AXMPM -
S-2 5450 105 Z g g ~E R -
AEF S-3 5446 105 EGESs -
5-4 5508 52 Harud -
S-5 600 105 HAZEHAE -
T-1 5385 34 HEAHAETEAL 94x95
T-2 4422 34 o2 AE 118x118
up2) & T-3 5336 34 ACF 138x50
T-4 4426 34 48, ZgZgs 91x124
T-5 5436 36 Zatd o 2 E X) -

2. Ms "ot (Table 2> Standard Test Method of Physical Properties
D A8 A2 B4 23 Ly Zipdard.Jost. meshod
g9l 9, $o, A, 31T 59l /12 £ e T

3& (Table 2) Wt SRk F71FAEE A F71%#4% | KS K 0570. Frazier_method

22 238 379 Hem/min/em) 22 EAEH

KS K 05709 £3}e] Frazier £371% |83ty &

Faac. oW AF WHL 20cm’, A4 4P 9) AWEo) wed =3

100pa 55 S5t} BLUS AR, A8y Bede 10 11000 Fakel 243

Red, 2FVATAL 20202T, 65% RH 47X,
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e plate Aol F715F2 Im/secHrh old
Test plate®] €E+& 3B5TCE #A4L, BE &7
2 AgzAe] <hFE F 08T HolEHE ol H
FUROE AEY HLEE AUk I A
ofef gt At

(Ts — Ta)

Vi oy

R =

R: = Resistance to heat transfer provided by
the fabric system and air layer, m*- C
/W

A = Area of the plate test section, m

Ts

Ta

H = Power input, W

Plate surface temperature, C

Air temperature, C

3) 9% B4y

ASTM F 1201-90¢) o}sted WHepfZ1E o)&-3t
5Z 87489 8o EAR(ELH)E
2359k 4949 #gA2AL £ 20C, AUF
% 50% RH., 42 FF22 02m/secol stE A
stk AEell S 5 P EFEAIRR A
% 170cmel 17804m’e] A EWHE 7bAv] HWo)
15779 €4 zone @ head, @ upper torso, @ lower
torso, @ right upper arm, ® right front arm, ®
right hand, @ left upper arm, ® left front arm, @
left hand, @ right thigh, @ right calf, @ right
foot, @ left thigh, @ left calf, ® left foot &2 Y
ol 7} zoned A YA Ao} FHo] s
oln] AAE 7 B9 HARIE FAHEE HYo
FFEY B Q7N Ee APV om s
20, 40 2 600 249 A A mEL] 7t Fopd
P gPLs 2EE st FFaREs 2L
o B AYPA AN HEEE2E 3364Telth
((Table 3> &),

AHupdzlie] A¥staia e &S 43z
F/FAY &x9 2t dFEA HY NEeh
7

9] JFEe A fARES IFHEE HE

£

Fol AFEA HY, ¥ FHLE 3087 APk
9] AR, 712, 28E JEF 5ol 7F

ZHE AFAE of9] el dgstd 59 A
&g s Feiyh

2( T,'XA,')

Twa= —"54, )

Twie = Weighted averaged temperature, C
T: = Zone temperature, C

2
Ai = Zone surface area, m

Q/Awtd = E(Q/Ziléf?(Ai) (5)

Q/A; = Zone heat flux, W/m"

R — ( thd— Tamb) 6)
wid Q / A witd
Rwa = Weighted averaged thermal resistance,
m’ + T/W

Tamv = Ambient temperature, C

71 45T HEH(Ree)2 T B2 (Rww
AA 719 B2H(R)E AMIF B Lo}

) AEY REAY 24

B8 1SO 110929} &3} Sweating guard-
ed hot plated o] 43td FQa 4t 53 A 484
o #§AZAL 35:05C, 40% RH. 2 590
Plated 22 8732k FU3hy F=9} Plater}
olg) 2719 &L Im/sE FAHAL FFATE

Agste 4L olEs 2t

Ret = Jl)‘g_f[——ﬂ (2)

- 27 -



MR 2E58%

6%

{Table 3) Characteristics of thermal Manikin
. , - ‘ Surface Surface
Thermal manikin 1Partsl ; Name of parts area(m?) temperature(C)
1 Head(™ 2]) 0.1484 35.3
@ 2 Upper Torso(7+$) 0.3341 33.91
w 3 Lower Torso(H}) 0.2740 33.7
4 Right Upper arm(2 &% 98) 0.0867 33.7
5 Right Forearm (2. &% olgl#) 0.0631 33.9
6 Right Hand(2 €% &) 0.0367 345
7 Left Upper arm(¥% $18) 0.0895 33.71
8 Left Forearm (9% otel &) 0.0631 33.9
9 Left Hand($1%& &) 0.0367 34.51
10 Right Thigh( &% Y ddg) 0.1324 33.7
11 Right Calf(2E% Folal) 0.1143 319
12 | Right Foot(2. &% ) 0.0710 331
13 Left 'l“hlgh(-?lzs—z.5 WA ) 0.1346 33.71
14 Left Calf(9%F Zola)) 0.1184 31.9
15 Left Foot(¢% 0.0774 33.1
Total, 1.7804 Mean, 33.64
Ret = Resistance to evaporative heat transfer AHEsle] BAEG T 989 B thd HE9]
provided by the fabric system and air B2y AEFH AEFTH AEFA, AEY FF
layer, m’kPa/W 4, FNFH4 %94 AAEY dkg E487) 3t
A = area of the plate test section, m® o] Pearson® HEAFAAZE JEEIYE 89 B
Ps = Water vapor pressure at the plate surface, 23 1 7g} QJAAENAY Fo)E BEAE7] Ysly
kPa AYPR4RA o] HAFH O B9 EREZE {9
Pa = Water vapor pressure in the air, kPa g EAF Aoyt de AE gotrRr] HldH
H = Power input, W Fisher's least square difference(LSD) post hoc
comparison test7t AAIEIRTh 9E9 HLHE FF
e E5ATE 2y A o Eeta 371 {8ty 989 By 7zte] JAAERY @
FIH ARG FI AR ] AAHAT
Ref = Ret— Rea (3)
I 23 o =2
Ref = Averaged evaporative resistance for fab-
ric alone 1. 9|52 ER¥y QXIS At
Ret = Averaged evaporative resistance for fab- .
. ) A1 S o] &t FFHAS A AAF
ric and air layer o - L
. . . £ dIE 9= x=2 52 PR 2 T 9nE
Rea = Averaged evaporative resistance for bare 6 i * }T: 9%. A W;’° :JW 0% T T T
Al A B0 = L= 27 EHT
plate covered with liquid barrier '4 * 4 _'] e B2, 3 A, 37155
HA8g 2A8 AF}E (Table 49, g8 HE
z =719 AraA
O AERA :: 2t QAE7Me) A#ASE (Table 50 veR

2
=

g HeolHE SPSS WIN 150 SAIZ2I4-&
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{Table 4> Physical Properties of Samples

Fabric Clothing Clothing

No.of : b . [E

erle insulation | insulation weight
tclo} (elp) (kg) r ;
J-1 0.55 1.05 0.73 273.73 0.43 617.76 12.91
J-2 0.57 1.03 0.79 297.11 0.60 607.08 14.10
J-3 0.56 0.99 0.70 240.47 0.39 424,92 12.58
J-4 0.66 1.43 1.15 426.77 0.89 362.88 16,04
J-5 0.73 1.44 1.09 350.21 0.88 717.60 15,70
J-6 0.64 1.36 0.96 377.99 0.86 587.16 13.31
P-1 1.65 3.36 1.50 666.67 42.00 14.50 139.00
P-2 2.03 2.06 0.69 255.55 67.00 18.82 26.66
P-3 1.32 1.67 1.67 490.85 1.57 33.66 33.78
P-4 1.89 117 0.89 275.67 0.83 16.30 28.24
P-5 1.15 1.13 1.00 428.39 0.89 9.35 41.76
P-6 0.64 0.92 0.78 286.55 0.88 19.13 17.52
P-7 2.16 1.50 0.42 197.21 15.00 19.84 117.03
P-8 1.89 2.01 1.05 377.78 20.00 24.00 42.63
P-9 2.18 2.05 1.19 622.22 32.00 20.87 59.21
S-1 0.56 0.79 0.26 185.90 0.66 5454.00 10,75
S-2 0.72 0.89 0.36 234.14 0.71 2658.00 14.88
5-3 0.68 0.81 0.39 304.84 0.82 1741.20 13.93
S-4 0.76 0.91 0.25 146.38 0.56 9768.00 13.73
S-5 0.69 0.75 0.38 300.42 0.94 400.68 18.33
T-1 0.58 0.88 0.68 290.23 0.80 23.12 14,01
T-2 0.58 0.36 0.50 276.92 0.64 178.80 15.05
T-3 0.67 0.99 0.69 360.88 0.82 285.00 14.29
T-4 0.51 0.36 0.45 242.34 0.57 836.40 12.62
T-5 0.77 0.89 0.43 299.54 0.88 873.60 15.44
Mean 1.01 1.27 0.76 328.35 7.67 1028.51 29.34
S.D. 0.59 0.59 0.38 123.83 16.39 2164 .81 32.15

{Table 5) Correlation Coefficient of Clothing Insulation and Clothing Factors

Clothing Fabric. Clothing
factors insulation Peight
Correlation 0.85* 0.71%*
coefficient
*pd 05 *#pd01

1) FEe naHy 2B ey
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EFEEA 05%kloRes FEaigslolre] ojEe B

=

2.2 (.75~3.36cloAOl 2, HeF 127clo, EEHAE
059clo Ath Clow & AHY 228 #Hidgol
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(Fig. 1> Correlation of Clothing Insulation and Fabric Insulation(p<.01)
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{Fig. 2> Correlation of Clothing Insulation and Clothing Weight(p<.01)
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{Fig. 3) Correlation of Clothing Insulation and Fabric Weight(p<.01)
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{Fig. 4> Correlation of Clothing Insulation and Fabric Thickness(p<.01)
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(Fig 5> Correlation of Ciothing Insulation and Fabric Water Vapor
resistance(p<.01)

BiA) 3= Ao FAdrh((Table 5).

493 dEE AGLR #5718
& AZE YelE AR 1 el
B Rg4o)l ZastE Ao 20m’Pa/W olst
= dngog BHAol £8& 7l(Breathable) 0.2,
6m’Pa/W~13m’Pa/W Aol wj$ E44o] 22
(Very breathable), 3] 6m’Pa/W o)dt= 23] =
&Aool B&(Very breathable) o2 AzHY
(Table Ol B2 FEAFL 10.7~39.00m’Pa/W
Atol2 W@ 2934m°Pa/W, %&WA 3215m’Pa/W
Ha o glow I7FEFHLe opAvIARE HAt
g 2 ASE JEiETh S9RE A9 ARF,

M2F, BAFE $EAT] AmPa/W olstz &
F R4l U FEAYLE 89 e )
¥ B ANAWAE RolT o F REAo)
REEE 8o B2l FY REAY wd
A% BEHA FFE vIAE F28 ARA AL
2 2UH(Fig. 5).

BEegd g¥e A dAEE g8t 9%
9 Begs SASA g dFaaske 7 A
2o HE IAHE FaAh ARl ETAEA &
© A% FHEE NI A8 E2H(A)
AEFHB), I9EFFO0), HAEFAD), T4
(F)%8 dAE3 o4& Bg(Y)d g Ay

{Table 6> Regression Eguation Estimating Clothing Insulation using Factors

Regression equation F value R2

dE B2 (A) 0.7020A + 0.5669 21.22** 0.48
JE FZFB) 0.0035B + 0.1180 26.62%* 0.54

o5 FH(C) 1.1180C + 0.4230 22.65%* 0.50

21E E7A(D) 0.0281D + 1.0569 34.29** 0.60

FH5A () 0.0142F + 0.8556 33.08%* 0.59

*p{ 05 **pd01
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gtk AN HEFAZ P 2 AR Uehon Bzsw Aols RAason Deoz Xz B
(pC05) Tl ) 1% ehd Aol #RPIE A oo o guzo mee eruaa 4
017}' b]-E]—L]—Z] 9%5&‘3} %7]—?—3}}_9‘ 761'?_ }'qi'l’a‘r% %91 i%a %94 9]_5]1_ 1;14 Z]%?J_Z]-Q}_O/] ),o]._;ﬂ,,\g =i
'_TL*g'a}lL‘T Z]?E’_;O] 7]'201' 'li'%% Zi—g-i L}EP)&E-B% 5'4-7%]»‘3- v}:’i)ﬁé}_ﬁ‘:}, _lgL)_q ;},_‘_—_ ];]..9437,}. 7]'%):‘:}'
(p<.01) 7}, vkA, AZAF Aleldls FYn|g 2o 1 & 95%9) Qgg AR A9 E.g:;:;_q
= woln QAT AN B&Ae] AF BE A ST T E T T

{Table 7> Clothing Factors according to Clothing Type

1 { P S
M{SD) M(SD} MI{SD) M(SD)
o] 3. 0.90(0.36) 1.02(0.27) 0.33(0.07) 0.55(0.16) -
o BCa c N B 0.76(0.38) 8.85
A& 327.71 400.10 234,34 293.98
F o (137.15) (150.09) (69.68) (4324) 328.35(123.83) 249
— 0.60(1419) | 20.02(12.99) 0.74(0.15) 0.74(0.13) R
SRR N i, A A 7.67(16.39) 349
2] 552.90 19.61 4004.38 439.38
. e (285.30) (5.02) (3716.25) (390.89) 1028(2164.81) 7.07%
! A A B A
o 14.10(4094) | 5543(3528) | 14.32(2.72) 14.28(1.09)
PR . . .
5473 B A A N 29.34(32.15) 467
B 1.22(0.74) 1.76(0.48) 0.83(0.07) 1.00(0.05) e
wew B B A A 1.27(0.59) 5.93
A gl 0.62((0.56) 1.66(0.62) 0.68(0.07) 0.62(0.10) e
P A B N N 1.01(0.59) 18.43

.05 **p<.01
a JLES Zel7t &S 9v
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