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Breathability of Breathable Fabrics for Sportswear according to Measuring Method

Hyun-Ah Kim' and Seung-Jin Kim"

Korea Research Institute for Fashion Industry; Daegu, Korea
“Dept. of Fiber System Engineering, Yeungnam University, Gyeongsan, Korea

Abstract : This study investigated water vapor permeability of the 73 breathable fabrics for sports-wear according to the
materials, finishing methods and fabric structural parameters. The water vapor permeability by KS K 0594 method of PET
breathable fabric was superior than that of nylon one, in addition, water vapor permeability of coated or laminated breath-
able fabrics were higher than those of hot melt or dot laminated fabrics. The water vapor permeability of breathable fabric
was dependent on the thickness, weight and density, which was consistent with measuring method. However, water vapor
permeability according to materials and finishing method showed different results according to measuring method. The
correlation coefficient of WVP of PET breathable fabrics between ISO and KS K measuring methods was -0.83 and the
correlation coefficient of WVP of coated breathable fabrics was -0.72 and -0.71 for KS K and ASTM and -0.72 for KS K
and ISO in hot melt laminated breathable fabrics. According to regression analysis, WVP of PET breathable fabric by both
KSK and ISO measuring methods was highly dependent upon on the density and weight. In addition, WVP of hot melt
laminated breathable fabric was highly dependent upon thickness, weight and density. Therefore, relevant measuring
method for WVP of breathable fabrics has to be adopted to measure precise breathability.
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Key words : water vapor permeability (3 1=), evaporative resistance (5-#43}), breathable fabric (7524 &), hot melt
(B2 E) laminate (E}7]]°]E), inverted cup method (Q1HEI=7] HH)
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P_QQOJO]: g 71l WE-S Asidith gk 21l tE
f-(Huang & Qian, 2008)°l14 Z=2] 4571 o|55EA9 &
xo‘c'”ﬂqoﬂ ek o] A 71eH 54S Aesiih
SbA, A& o] Congalton(1999)y At Ze]-9-dgt &
=9 F5A19-S Hohenstein 712 HS AME-31] 1SO 11902
W3 BS 7209 WMROE FA3l T 7R W Alole] A
o] u¢- =rh= 21 RIS Gibson(1993) &4 %1
g4 AEgQl o)y 2 &S AMS-SI] sweating guarded
hot plate] 3} upright cup W Alo]e] E5EE B3 A3}
S S BRlte A7 ASE YESAUT Grettlon et al.
(1996)2 Gore modified desiccant method®l] 23+ T4}
BS7209%H oA =% % water vapor permeability index 7}
MNPl AFAAS Holo) 7re FakAel 2L 71 Zq

3

e

HE Fg 32 grdle|gE HEAATE 7isslithe Ardt
2 st

Gibson et al.(1995y> F55% SHEXZ DMPCE 7314
1SO11902 &7 Hwete] w2 A4S "RKivke 4345

ST B3 o] WPH inverted cup WHI H|aLEte] o

Table 1. Specimens according to materials and finishing method

Al F RS BYS Rl
Dolhan(1987) ASTM E 96 upright cup ¥} Canadian
control dish 7] JAAS ZAIEE, Lomax(1990)=

ISO 119029k BS 7209 " Ateldll= &dae] #AS welth
AT T AB7HAE] Aelx] B niel 3ho] 2
Adk= Sl weh g ik ohE} 249

Ev/]‘l‘—l—

2 grle|gE EEH T/ 2 Uk 28|32 FES &)
EAe weA = ditE A9E 2dS & F Atk

s SfdME & T AU AniRlele] FAES
SHA AREE 22 WS KS K 05949 ASTM Hiio]
AREES] gkou) HZ 39| 1SO 11092 o] 53] fHe

= SR 22Aolg T MelolEe) 471 )
ARA SN AFEElol0W Zguale] AR BAo] 2
asjm 53] Aol =8 % ehulilo]d 7kl mebd of

=Z

H 4GS 7R gidE de] Fede] aFE T Qi
A B Ao Fu 2XEx 0] oFel| Bol AMEEE
5545 1VKE AF%}E! olBe BEHEE £5U| B =
A 5 79k F5AE W IS0 11092 ez =4

Specimen group Materials No. of specimens Specimen group Finishing method No. of specimens
1 Nylon/spandex woven fabric 24 1 Laminating 39
2 Nylon/spandex mixed woven Fabric 6 2 Coating 14
3 PET/spandex woven fabric 13 3 Dot-laminate 11
4 Nylon densely woven fabric 8 4 Hot-melt 6
5 Others 22 5 Others 3
Total 73
Table 2. Structural parameters and finishing method of specimens
Fabric structural parameters o Fabric structural parameters
Finishing - - - - Finishing - - - -
method Thickness Weight  Warp density Weft density method Thickness ~ Weight = Warp density Weft density
(mm) (g/cmz) (ends/inch)  (picks/inch) (mm) (g/cmz) (ends/inch) (picks/inch)
1 0.125 55 290 150 38 0.759 21.64 92 67
2 0.439 248 88 130 39 0.427 22935 128 84
3 0.276 117 125 80 40 0.391 15.67 160 56
4 0.317 149 120 30 41 0.276 14.18 125 80
5 0.305 165 120 80 42 0.544 20.435 150 73
6 0.31 16.9 120 80 43 0.366 15.74 125 72
7 0.327 16.465 120 80 44 0.32 15.095 125 71
8 L 0.344 16.1 165 65 45 0.349 20.675 120 79
9 0.305 15.02 100 75 46 c 0.398 19.755 110 85
10 0.19 9.695 220 120 47 0.337 16.6 150 96
11 0.178 9.475 180 130 48 0.212 10.94 135 97
12 0.413 19.16 80 56 49 0.154 10.51 133 125
13 0.305 14.18 130 80 50 0.251 13.375 140 85
14 0.313 14.45 130 30 51 0.359 17.285 163 67
15 0.3 14.505 170 90 52 0.486 23.81 132 75
16 0.298 13.24 155 75 53 0.359 19.445 156 90
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Table 2. Structural parameters and finishing method of specimens (continued)

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

0.144

0.12
0.137
0.125
0.139
0.129

0.12
0.149
0.251
0.122
0.137
0.222
0.198
0.298
0.378
0.552
0.525
0.461
0.305
0.327
0.442

8.255
6.01
6.455
5.985
5.03
5.15
5915
7.395
8.79
5.335
5.67
10.38
11.505
13.64
16.87
17.56
23.105
18.44
10.455
13.79
18.375

210
210
136
205
165
220
320
208
88
240
225
190
165
151
112
152
170
155
285
180
152

140
130
144
136
210
170
200
205
88
175
190
128
120
80
88
88
140
112
220
150
115

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

0.166 8.275 140 105
0.173 9.33 105 84
0.178 9.38 103 76
0.193 9.335 105 82
0.181 9.235 170 92
D 0.413 16.35 154 57
0.254 12.445 150 110
0.327 15.36 155 93
0.41 14.845 150 95
0.376 15.34 130 93
0.405 16.565 100 60
0.349 13.43 210 72
0.381 16.35 122 57
0.281 13.095 156 125
H 0.291 14.77 87 72
0.386 14.49 120 76
0.183 9.33 173 89
0.186 8.875 108 78
N 0.176 8.035 127 96
0.227 9.175 103 85

Note : L: laminate, C: coating, D: dot laminating, H: hot melt, N: non-coating

g HaiiA 73719
3 Fejdll2E AE 283 7[E AR e
I3} 2oy Telx
0]k Table 19 °o]&

Fig. 1. Water method (KS K 0594).
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P 1

\ Fabric

Fig. 2. Inverted cup test(McCullough et al., 2003).

1ol 27878AE Wit 27 8eme] AJFH 3ujE Fv]
¥ Fig. 149 A8E FF70 Algdnt. A" el 40°C=
AP F57 Holl &8 42mm E0|2 H3L AlE ofww}

AL B AR AYS 10mmE ST APHE] ¥HS F
HA e w Agrt dmmrt HEE 3 F EEHS 2k
4012°C, AFE 50+5%2] F23F7d ¥ ¥ AN F
AR FAmM)E 4 T i &% 20£1°C, F% 65+5% &

=35I AlEFAlm)E 54 F A1)l <8 FEEE,

g/m’24h)Z AAslch.

P=10x(m; — m,)/S (N
P : water vapor transmission rate(g/m2-24h)
m; — m,: change of specimen weight(mg)

S : specimen area(cmz)

222, AHEIE H F7EHE =YY
A7 74cm 98 AP GHS FH|5k] 155ml 3] 4T

E AYaH Fig. 20 #9149 AR

THE AlsE AWl 7] 2571 23405°C, olEHeE
12+1°C JUHFE 50%2] 274 37145 2.8+0.25m/secs}ol
A RJIMEI=ER L] FAE 3AIZF 7HE o= gH 23] 2](2)el
o]sf AAakstdrt.

WVTR =G/(t-A) )

WVTR : rate of water vapor transmission(g-mz/h)

G/t : slope of the straight line(weight loss per unit time, g/h)

A :test area(mz)

2@l <8l Axke Az o] gk g24hm’e] THIE
gHksiaict.

Water
Reservoir

/
/N

Guard Heater Bucking Heater

Air Flow
Hood

Fabric

Guard Heater

Fig. 3. Sweating hot plate(McCullough et al., 2003).
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s ZEEHS} o8] 7KX] AIMAR] Fo| sweating guarded

hot plate W el= Hx Aujulle] Ax|=o] k. AW e

¥
Z
T2 19°C2 A5kt 50.8cmx50.8cm A7)9] AEAZE
= SZolE ¥ 7ZWES o FREHE &

o] A5 FAlsks AL =] flel skEH|elE o] PTFE

5L FAtsia 2 9l #HlE AEASE 9 KW BE
o] HYPFE Ealr] gt ] AE) AR Ad § A
A dlolEe 458 % Al A F 717]9) F2E H5rEol
oJsl] Aot

& EYolEY THRE(Ty), 3712%(Ty) L8]aL 37] °l&
A EE(Ty,) 28I AGAGE ARFRo] 23k power(W) #kol

AZ71 710 AOVHIL o)5 3 Al Ay Al o

_ (Ps—Pa)4
Re,t - . Ha (3)

R.; : total resistance to evaporative heat transfer provided
by the fabric system and air layer(mzPaWI)

A : area of the plate test section(mz)

P, : water vapor pressure at the plate surface(Pa)

P, : water vapor pressure in the air(Pa)

H : power input(W)

Rer = Ree = Ry (C)

R.f : resistance to evaporative heat transfer provided by
the fabric

R.. : resistance value measured for the air layer and

liquid barrier
3. &zt & =9

3.1. 84 7| R (KSK 0594) SHUHH0]| olst £&
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1. nylon+PU

2. nylon+PU+NTR
nylon+SP
nylon+SP/PUNTR

3. PET+PU
PET+PU+NTR

1 4. Nylon/DTY

[ | ' Nylon/Filament

5. etc

4000

3000

2000

Water vapor permeability (l/(m‘ 24h))

3 i 20
Weight/thickness(g/cmmm)

1. Laminating
2. Coating

3. Dot laminating

4. Hot melt laminating

5. Non swelling laminating

2000

1000 60

Water vapor permeability (g/(m24h))
8

Weight/thickness(g/cm*mm)

(a) WVP VS materials

(b) WVP VS finishing method

Fig. 4. Water vapor permeability according to materials and finishing method.
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‘Water vapor pemmsabiliy{g (mE24h))

(a) WVP VS density and thickness

Fig. 5. Water vapor permeability according to fabric structural parameters.
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L. Laminsting

1. Conting

3. Dt huminuting

A, ot el huamie iy

A N wwreling Dusmin stineg

Het{m TFaW)y

i
4 Weight/thicknesa/cmmm)

(a) Re,t VS materials

(b) Ret VS finishing method

Fig. 6. Water vapor resistance according to materials and finishing method.

X2 HolX Ut} Fig. 6(bye 7l ©E E5A8S B
Itk Fig. 6(b)elA & F Uxo] gpuvlo|d) Iy o g
7FeE AEr(1H 24 Al8)0] B3] EE gpvo]
HEGH AlE) EE ghrvlo|’dE(di AlER) B o
s 7, 540 e ZA3E B3t o] 3= KS K
0594 =AM = e A Holn o)E Aol et A
4 Aol Hgidol &%LEIE} Fig. 7& 1SO 11092 =Pyl
ogt BE5A gy AETE QAR dxet A 123 A9}
o] FAE = Aot} Fig. 5914 HSl KS K 0594 ©]
g BE5E Aot agze] Jert vige] A4S B Oﬂ\:‘r =
A, 2=, 22 §A Srtet A FEAge A

] S71she @74E B3ler, ole KS K 0594 lfr% =
AP 1SO 11092 B4 24 zke] A7 I3
< BHoFE A=A ﬁﬁi o1zt W 1S09+ KSK F<5
T Z2UZele dAshe A9 B

N

T

3.3. ¢IHE|IE &H BI|FZT(ASTM) =X dHoj| ofst &

AL
&5 54

Fig. 8 ASTM®el 9|3t F<5 ‘:(Water Vapor Transmission,
WVDE EAg Zlolt}. Fig. 8@elr & ARl UdE F
AEw(l, 2wy EOlaE R Aew(w)e] FEkl
ztelg HolA| Al 9lom, Fig. 8(b)elre evulol’

8 7R, 2l o3 FsAlee] FEErt BB a2|)

A o] EG, 470 FF AED HE B =2 55
TE Holx gtk F, ASTME 23t F5% Ao|A] 2A)

w}% %éﬁ = UdE ir‘ﬂOﬂéEi A Atelell & ztelE

Z| gkomzA ASTMHEH-S KS K 05944H 3} 1SO 11092
I ofugt s P_O]Xl G2 tE 2HAE BT
= l w2 E5% AFE KS K 05949 F(+H)el A
a&— EOE] 3 ISO 110928 FE A ()] AHe HoE 4

Fig. 9(a)9} (b)°1 H % - 21%01 7
A BTt STV BAdhe @48 BATh ol KS

L0

l“w
Dannit
10 4

05
Thicknsss (mm)

18 14

Deanity

(a) Ret VS density and thickness

Fig. 7. Water vapor resistance according to fabric structural parameters.

(b) Ret VS weight and density
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(a) WVT vs materials (b) WVT vs finishing method
Fig. 8. Water vapor transmission according to materials and finishing method.
3 1800 -
i H
H 3
: 0% :
i H
i 20 ]
i i
: i
(a) Water vapor transmission vs (b) Water vapor transmission vs
fabric density and thickness fabric density and weight
Fig. 9. Water vapor transmission according to fabric structural parameters.
K 0594 A9} fAlsH 272 Holw 1SO 11092 HHel & S At
A% Anels 2 Fee W) 2A3E R} S
E4E fAE 298 Ro Feltka ARET. A7) £ 34. SET SHWH Alolo] AT B4
&5 ZRu 7k AREAD s = ZAEZEZ QA Huang and Qian(2008)2] A-7-ollXe 27kx Ut 2&E=} 4
0 AAA ABHL BASGOL oS T TAHA s o]y FEAES Aol FEE AR Aol
HEGE Lolrr] Slsf SAIA WS ol&ato] A % 3 FEEAe & A3 150 1109283 upright cup H(ASTM
' ) e 43 . e hans
04
=
= W £
£
.§ E 24
20 i
ol 12
04 a4
So0 1000 1500 200 2500 o) 500 AO00 500 000 4000 2000 12000 14000 16000

Woskes wagent pepmsbitily (g 34k}

(a) R, VS KSK

000 50000
Wk et o sy 0w 4000

(b) R, VS ASTM

Fig. 10. Diagram on correlation between water vapor permeability and resistance according to measuring method.
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E 96-B)2ke] 317} -0.867, Z#] 2 1SO 110928 inverted
cup H(ASTM E96-BW)eF] 2 -0.661-2 YERN o] F
FA % inverted cup ®H7E] o] upright cup HH I
o] AR ¥ B 3e Heltha stk

&8, McCullough et al.(2003y2 100% L2} Za]oAE]
7] 267k WWB(waterproof, windproof, and breathable) <l
(shel A ES 218310 5w g Alole] AJFEA A 1SO
110924¢] F54133} upright cup "WHT] ABAFE 059,
inverted cup W] AAAGFE 0.19) W JPAFE BT
= 275 $usi) o= 2] Huang and Qian(2008)2] -+
Ao}l vwgthH FFHES] 2AEAH A8 Sl wEt
AFWHE Afolo] Adabdo] tiEathe Ag & & rh %3
Gorjanc et al.2012)2 WA & AAEH X k& 7HAE
AH2-3te] water cup™H (Jaksic, 1988)3} Permetest™dH (Hes,
2005)f o3t FsA kel A4S BAg A3 09 o] de
2 e Bt B

ARG E ] BEFE S Alele] e &
A3tk Fig. 102 FFATH R upright cupd™H(WVP)
o] g BH5AFHR S inverted cup BH(WVT)Z
JA4E ©A1E Zlo|tth
Fig. 10914 2 4= 21%0] R.9F KS K 059432 AaA4
-0.54°1 R & ASTM E963}e] HAlIG+= -0.0924
AF7E wl¢- 22 #E Bk o] Z3+= McCullough et
(2003)0] AT-gE 267FA]9] UL} ETAE FEHEA
So] T = wWzke] AaAT 24 0599 0.18 =29l
d3te} fARE 435 EXith. 22y o] A3+ Huang and
Qian(2008)2] A-olx & gfadloly] F5AES] 7
$- o5 APAFT 242t -0.8677F -0.6619) W =S A
E 1ol A9} Gorjanc et al.(2012)2] ATl E HAE

o] BEHE 3 R.&F WVPZR] A7 099 e

Bl Axjehs tha ke A3E B} o] AxE
Z E5AE 2ol wet B S
Yol T2 ARE He Fo2x 2 A AMgH

730 AEFS 2AEE nylon, SE]O2H, 7]E} 24O E 3
N 252 aFsE sk el wE 2E5S Zhude]
8, 28, TE Fwlold, 22|x iy 5 4l 2FoE Y
Fo] BEHE Al wE A9l 7l wE 7|9
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Table 3= A A& 73709 2APER F5E ANy
ole] AHAIFE YERIATE Table 3004 & = g0
=B &2 A%, KS K 05949} I1SO 11092 HPH 7o
AG7E -0.8332 2 7HF = S Hol Fon o}

ZEe] AL 0616 223 o]F F HE 9 HAiA|ele]
22 5o Ao A& 03849 HlwH vke JAAAE
Atk KS K 05949+ ASTM ¥HH 8] ASTMH# 1SO
11092 B1 Alole] A= 25 0.2 ©]5ke] v a4
£ H3T KS K&} I1SO ¥ Alele] Zejoll2H 2=(-0.833)

it
i
o o>

A

Bl orjoei

i

Table 3. Correlation coefficients between measuring methods according
to the materials

KS K/ASO  KS K/ASTM ASTM/ISO

Total specimens -0.537 -0.104 0.021
PET -0.833 -0.064 -0.002
Nylon -0.616 -0.183 -0.063
Etc. -0.384 0.132 0.112
MeCullough 1 1y
et al.(2003) 0.17-059 Note

1)* for nylon breathable fabrics
Huang & 0.867 -0.6612" 1) for PET breathable fabrics

Remarks Qian (2008) 2), for regular fabrics
. 2) for laminated fabrics
Gorjanc 09 3) for cotton fabrics
et al.(2012) '

Table 4. Correlation coefficient between measuring methods according
to the finishing method.

KS K/ISO  KS K/ASTM  ASTM/ISO
Total specimens -0.537 -0.104 0.021
Laminating -0.437 0.024 0.032
Coating -0.715 -0.325 0.276
Dot-laminating -0.258 -0.268 -0.478
Hot melt -0.717 -0.71 0.138

I JdE AE(-0.616)2] ZF= Huang and Qian(2008)2] <1
TAze} HIS=E RS Bl Flom A AEe] S KS
K/ASO7Hel 4#A 4 -0.5377 ISO/ASTMZHS  0.021 24
McCluuough et al.2003)2] AFZEe} FARRE JBASLE B
t}h. 3P4 Table 4= 71 WHHEE FH5= AU
FAGFE VERIITE Table 494 & 4 Ql%o]
A% KS K/ASO 7] AaA47} 20715, e Zhm|yjo]g
A9 79 KS KIS0 A% -0.717 2L K

7kl AJBAIGTE -0.7109] HwE =& AFASE B0 1

¢

Q = A
o) ke 2 el mek Hge AR e
2asdo] itk AR

i
=
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Lee and Obendorf(2012)2] Aol oJ5lH W, JUE66,
gol2H, Fejzagdl, 283 o)A Fo AAIE ARS-g
157F4] 4 - HEo E5ES ASTM E-969] upright cup *H
S AMg3l] EAS o1 sl Al HETE QA
o] JgS 3|AEAS FaM AT AEFA, 1B3 A
HalE e} $A| 713 Alel2 Fo] BFkel sk P &
Aol Aol FFEet If AREA T & VdEE B

T AEA ol A= FFEe] AT 28
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Table 5. Multiple regression analysis with fabric structural parameters

FEe SYHH) mE AE=Golg FHIES] FHEY 501

2

Breathability(y) Structural factor(x) Regression equation R
T y=58963.6x2-53250.8x+9562.7 0.802
w y=42.6x>-1320.4x+11533.3 0.844
KS K 0594 W/T y=50.5x"+5486.7x-146199.9 0.637
PET D y=4632.7(336,771.1/x) 0.520
T y=648.4x>-220.0x+31.15 0.839
15011092 w y=0.202x"-2.63x+18.33 0.847
ASTM-E92 D y:-403x2+ 1015.8x-55872 0.929
W y=69.4x2+1769.5x-8727.5 0.640
KS K 4
S K 059 D y=0.83x>-175.8x+10927.1 0.659
Hot melt T y=1715.1x2-909.6x+127.1 0.872
laminating 1SO11092 w y=1 21x%-31.5x+196.0 0.611
D y=0.002x*+4.74x-220.4 0.734
ASTM-E92 W/T y=37,5x2-2907,9x+65027.7 0.663
1. Fabric structural parameters are more dominent factors than finishing methods to the breathability for PET, but for nylon fabrics,
finishing methods are more dominent than fabric structural parameters.
Remarks 2. Fabric thickness and weight of PET fabrics are the most important factors for breathability by KSK 0594 and ISO 11092

measuring method.

3. Fabric thickness of hot melt laminated fabrics is the most important factor for breathability by ISO 11092 measuring method.

Note : T: thickness, W: weight W/T: weight/thickness, D: density
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Eo]k—\__ ;1:].7:1])\19_ 75]1:4-3]_03

Table 5914 & 4= Sl%0] L}%l% FEAE 5| Zgoll2
H F52E9] 73" FEro tigh AEFx Q1] o]
wWesh FEE SAWY FollA upright cup WS KS K
0594 o] 1SO 110928} ASTM-E92 WKt} ZE7% ©

[e5

i

k)

>

&
o =& ﬂﬂ%ﬁl—g— i@\:} L}?J_% FFAEY A AETE

Azpete] FFolN AYATFTE e A =
7IEHbHe] U8 FE54EY] F540 o & 7198 o 4
Hog Zgoiy FFAES JE1E AL —‘.5’%*3011 1=
& QTS A= A0E oF VS B F
7IR9] bR F shdd gudlold 7 3 BHAET
o] BFEd gt AETR AAteke] FAAAE Ao
vdjold, A8, TE givjo]y EFHEEL AETE A
ofe] SFAAAE HolA| it SHEE FHAEC SJoA KS
K 0594 We A9 AE dort F5= ZH2 0.640,
0.66%] AAATE Bgem SO 11092 WS T4, A, &

Al

rlo mlm

Table 6. Multiple linear regression analysis with fabric structural parameters

Material & finishing method Measuring method Regression equation R
PET KS K y=1863.5-116.3W-4.6W/T+13.8D 0.887
ISO y=-13.4+2.5W+0.05W/T-0.02D 0.831
KS K y=60386.4-147757.2T+2855.1W-1116.4W/T-10.2D 0.947
Hot melt ASTM y=118939+307656T-6113W+2665W/T-15.8D 0.878
ISO y=-2065.7+5016.8T-91.6 W+37.6 W/T+0.77D 0.943
Dot laminating ASTM y=18767-50056T+1317.5W-349.9W/T+224D 0.712

1. Fabric density and weight per thickness of PET breathable fabrics are the most dominent factors to

Remarks

breathability by KSK 0594 and ISO 11092 methods.

2. The breathability of hot melt laminated fabrics is highly dependent on the fabric structural parameters,
differently from coated and laminated fabrics.
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