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Abstract

The purpose of this study was to investigate the effects of garment design, fabric type and
the presence of lining on the thermal insulation value (I, and I;,) and clothing area factor (f.,)
of skirts. A standing, electrically heated thermal maninkin was used to measure the insultation
value of eighty skirts-five skirt styles with eight different fabrics, with and without lining. The
air temperature of the chamber was set at 22.22+0.5C, air velocity was limited to less than 0.
1 m/s, and relative humidity was approximately 50%.

The results are as follows:

1) The I, values of gathered skirt and flared skirt, which had high f., values, were signifi-
cantly higher than those of other skirts, though the highest I.,. value among five styles wer
pegged skirt.

2) Insulation values of various skirts were more relevant with physical properties such as
thickness, air permeability, and thermal transmission of the materials rather than fiber content.

3) The addition of lining made significant difference in the insulation values of skirts and the
differences of gathered and flared skirt were significantly higher than those of othere types of
skirts.
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Fig. 1. Skirt Desings: (1) Straight skirt (2) Gathered skirt (3) Flared skirt (4) Pegged skirt (5) Culotte.
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Table 1. The characteristics of the skirts

Straight Gathered Flared Pegged Culotte
skirt skirt skirt skirt
Circumference of 63.5 63.5 63.5 63.5 63.5
waist belt (cm)
Skirt Length  {cm) 60.0 60.0 60.0 60.0 60.0
Waist ** 65.0 168.0 65.0 151.0 65.0
Circumference {cm)
Hip * 97.0 168.0 127.0 124.0 103.0
Circumference {cm)
Hem *%x 97.0 168.0 263.0 98.0 71.5
Circumference {cm)
Area of ** 5778.0 10022.0 9930.0 8138.0 7400.4
Pattern (cm?)
** measurements from the skirt pattern
Table 2. Fabric characteristics
N Fiber Thickness  Thermal Weight Air Thread count
Code Construction content transmittance | permeability (no./inch)
(mm)  (kcal/m h°C) (g/m2) (ft®/ft2 min)  Warp  Weft
1 plain weave 100% cotton 0.323 3.0809 141.0 129.00 66 48
2 basket veave 100% cotton 0.724 7.4300 380.4 15.20 73 48
3 plain weave 100% wool 0.381 5.0508 113.7 599.00 48 40
4 twill weave 60% wool 0.723 3.0960 254.3 < 1.05 33 31
40% PET
5 plain weave 50% cotton 0.651 2.3627 257.8 170.00 24 23
50% linen
6 plain weave 80% rayon 0.384 4.9122 132.9 548.00 50 41
20% PET
plain weave 100% nyion 0.113 7.7894 77.9 < 1.05 153 89
8 plain weave 100% PET 0.354 3.0872 178.3 84.00 63 52
g* plain weave 100% rayon 0.114 6.9607 66.0 54.00 110 110
Test Method KSK KS K KS K KS K KS K KS K 0511
0210 0506 0466 0901 0507 0512,0513

* fining material
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. 2. Thermistor locations (- -front side,®-back side)
and Body Segmentation of the Manikin: (1)
Head (2) Breast (3) Upperarm (4) Hand (5)
Back (6) Belly (7) Forearm (8) Foot (9) Shank
(10) Loin (11) Thigh.
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Table 3. Surface area and its percentage represented
by each segment

Code Body segmnet Su rf(accrz 2 )rea Pe'(f,/i)" tage
1 Heas 1098 8.763
2 Breast 1157 9.234
3 Upperarm 1119 8.931
4 Hand 584 4.661
5 Back 1037 8.276
6 Belly 788 6.368
7 Forearm 782 6.241
8 Foot 919 7.334
9 Shank 1654 13,200

10 Loin 723 5.770

11 Thigh 2659 21227

{Total) " 12530 99.999
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Table 4. Characteristics of the skirt

Code Design Discription and Fabric Type (cllI)) (Lc;e) (cII(;) fe WGe?grr:Tle(ngt)
S1N Straight, 100% Cotton (thin), w/o lining 0.682 0.133 0.178 1.073 124.96
S2N Straight, 100% Cotton (thick), w/o lining 0.706 0.157 0.181 0.068 308.62
S3N Straight, 100% Wool, w/o lining 0.651 0.102 0.140 1.068 100.25
S4N Straingth, 60% Wool/40% PET, w/o lining 0.721 0.172 0.204 1.088 200.19
S5N Straight, 50% Cotton[50% Linen, w/o lining 0.702 0.153 0.199 1.085 210.22
S6N Straight, 80% Rayon/20% PET, w/o lining 0.672 01.23 0.150 1.047 113.65
SN Straight, 100% Nylon, w/o lining 0.679 0.130 0.159 1.057 71.24
S8N Straight, 100% PET, w/o lining 0.668 0.119 0.143 1.047 151.89
SON Mean 0.685 0.136 0.169 1.067 160.13
(S.D.) 0.021 0.021 0.023 0.015 71.90
S1Y Straight, 100% Cotton (thin), w/lining 0.702 0.153 0.193 1.073 169.82
S2Y Straight, 100% Cotton (thick), w/lining 0.723 0.174 0.212 1.072 353.48
S3Y Straingt, 100% Cool, w/lining 0.728 0.178 0.194 1.073 145.11
S4Y Straight, 60% Wool/40% PET, w/lining 0.725 0.176 0.215 1.083 245.05
S5Y Straight, 50% Cotton/50% Linen, w/lining 0.740 0.191 0.210 1.078 255.08
S7Y Straight, 80% Cayon/20% PET, w/lining 0.695 0.146 0.179 1.057 158.51
S7Y Straight, 100% Nylon, w/lining 0.696 0.147 0.193 1.073 116.10
S8Y Straingt, 100% PET, w/lining 0.705 0.156 0.176 1.047 196.75
SoY Mean 0.714 0.165 0.197 1.070 204.99
(S.D.) 0.016 0.016 0.014 0.011 071.69
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sle 4. Continued.

75

Icle

de Design Discription and Fabric Type (Cll'(f)) (cle) (CIIC(;) fo WGe?é't?;e(r;;)
N Gathered, 100% Cotton (thin}, w/o lining 0.683 0.134 0.192 1.128 186.16
IN Gathered, 100% Cotton {thick), wfo lining 0.678 0.129 0.227 1.178 469.60
iN Gathered, 100% Wool, w/o lining 0.640 0.091 0.145 1.096 148.60
-N Gathered, 60% Wool/[40%PET, w/o lining 0.688 0.139 0.204 1.135 323.57
N Gathered, 50% Cotton/50% Linen, w/o lining 0.687 0.137 0.241 1.233 306.40
iN Gathered, 80% Rayon/20% PET, wjo lining 0.642 0.093 0.160 1.128 170.81
'N " Gathered, 100% Nylon, w/o lining 0.680 0.131 0.198 1.156 103.50
IN Gathered, 100% PET, w/o lining 0.682 0.133 0.206 1.152 229.06
IN Mean 0.673 0.123 0.197 1.151 242,22
(S.D.) 0.018 0.108 0.030 0.038 111.20
Y Gathered, 100% Cotton (thin), w/lining 0.750 0.200 0.247 1.133 257.57
)Y  Gathered, 100% Cotton (thick), w/lining 0.700 0.151 0.260 1.172 541.01
3Y Gathered, 100% Wool, w/lining 0.707 0.158 0.220 1.102 220.01
tY Gathered, 60% Wool/40% PET, w/lining 0.703 0.154 0.245 1.176 395.16
'Y Gathered, 50% Cotton{50% Linen, w/lining 0.735 0.186 0.287 1.233 377.81
3Y Gathered, 80% Rayon/20% PET, w/lining 0.705 0.156 0.226 1.149 242,22
Y Gathered, 100% Nylon, w/lining 0.709 0.159 0.259 1.176 174.81
3Y Gathered, 100% PET, w/lining 0.709 0.160 0.232 1,152 300.47
Y Maen 0.715 0.166 0.247 1.162 313.63
(s.D.) 0.017 0.017 0.020 0.036 111.20
IN Flared, 100% Cotton (thin}, w/o lining 0.683 1.134 0.203 1.156 183.19
IN Falred, 100% Cotton (thick), w/fo lining 0.670 . 0.121 0.199 1.167 479.50
3N Flared, 100% Wool, w/o lining 0.628 0.079 0.154 1.156 155.11
N Fared, 60% Wool/40% PET, w/o lining 0.683 0.134 0.198 1.140 332,27
SN Flared, 50% Cotton/50% linen, wfo lining 0.689 0.140 0.240 1.249 310.64
5N Flared, 80% Rayon[20% PET, w/o lining 0.676 0.127 0.173 1.123 170.43
7N Flared, 100% Nylon, w/fo lining 0.664 0.115 0.175 1.156 105.82
8N Flared, 100% PET, w/o lining 0.670 0.121 0.188 1.140 238.50
IN Mean 0.670 0.121 0.191 0.161 246.89
(s.D.) 0.018 0.018 0.024 0.036 113.86
1Y Flared, 100% Cotton (thin), w/lingin 0.729 0.180 0.239 1.173 259.78
2Y Flared, 100% Cotton (thick), w/lining 0.706 0.157 0.243 1.200 556.09
3Y Flared, 100% Wool, w/lining 0.683 0.134 0.214 1.161 231.70
1Y Flarde, 60% Wool/40% PET, w{lining 0.735 0.186 0.237 1.178 408.86
SY Flared, 50% Cotton/50% Linen, w/lining 0.737 0.188 0.284 1.249 387.23
5Y Flared, 80% Rayon/20% PET, w/lining 0.736 0.187 0.222 1.167 247.02
7Y Flared, 100% Nylon, w/lining 0.729 0.180 0.224 1.173 182.41
8Y Flared, 010% PET, w/lining 0.724 0.175 0.233 1.178 315.09
oY Mean 0.722 0.173 0.237 1.185 323.52
(S.D.) 0.018 0.018 0.020 0.026 113.89
1N Pegged, 100% Cotton (thin), w/o lining 0.692 0.143 0.175 1.058 145.50
2N Pegged, 100% Cotton (thick), w/o lining 0.720 0.171 0.199 1.087 372,11
3N Pegged, 100% Wool, w/o lining 0.683 0.133 0.145 1.052 129.30
N Pegged, 60% Wool/40% PET, w/o lining 0.704 0.155 0.184 1.093 259.16
SN Pegged, 50% Cotton/50% Linen, w/o lining 0.716 0.166 0.211 1.124 232.00
5N Pegged, 80% Rayon/[20% PET, w/o lining 0.656 0.107 0.136 1.058 128.50
7N Pegegd, 100% Nylon, w/o lining 0.708 0.158 0.190 1.076 82.06
BN Pegged, 100% PET, qflining 0.690 0.141 0,177 ° 1.054 185.50
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PON Mean 0.696 0.147 0.177 1.075 190.
{S.D.) 0.019 0.019 0.024 0.023 88.
P1Y Pegged, 100% Cotton 9thin), w{lining 0.733 0.184 0.210 1.058 2024
P2Y pegged, 100% Cotton (thick), wiining 0.732 0.182 0.223 1.081 429.¢
P3Y Pegged, 100% Wool, w/lining 0.716 0.167 0.197 1.052 176.¢
P4y Pegged, 60% Wool/40% PET, wflining 0.725 0.176 0.220 1.081 316.¢
P5Y Pegged, 50% Cotton/50% Linen, w/lining 0.735 0.186 0.237 1.109 289.:
PeY Pegged, 80% Rayon[20% PET, w{lining 0.720 0.171 0.192 1.046 185.¢
P7Y Pegged, 100% Nylon, w/lining 0.743 0.184 0.217 1.076 139.:
P8Y Pegged, 100% PET, w/o lining 0.726 0.177 0.235 1.099 242.¢
PON Mean 0.729 0.180 0.216 1.075 248.5
(s.D.) 0.008 0.008 0.015 0.021 94.2
CiN Cufotte, 100% Cotton {thin), w/o lining 0.687 0.138 0.198 1.103 155.8
C2N Culotte, 100% Cotton (thick), w/o lining 0.697 0.148 0.193 1.146 385.2
C3N Culotte, 100% Wool, w/o lining 0.665 0.116 0.139 1.096 126.3
CAN Culotte, 60% Wool/40% PET, wjo lining 0.694 0.145 0.201 1.108 265.0
C5N Culote, 50% Cotton/50% Linen, w/o lining 0.725 0.176 0.204 1,078 259.1
C6N Culotte, 80% Rayon/20% PET, w/o lining 0.666 0.117 0.154 1.064 138.7
CIN Culotte, 100% Nylon, w/o lining 0.673 0.124 0,184 0.191 86.3.
C8N Cutotte, 100% PET, w/o lining 0.673 0.124 0.195 1.151 194.1:
CON Mean 0.685 0.136 0.184 1.117 201.3!
(s.D.) 0.019 0.019 0,022 0.040 90.8!
a1y Culotte, 100% Cotton (thin), w/o lining 0.715 0.166 0.213 1.800 214.8¢C
c2y Culotte, 100% Cotton (thick}, w/o lining 0.704 0.155 0.201 1.097 444,20
c3y Culotte, 100% Wool, w/lining 0.722 0.173 0.196 1.090 185.37
cay Culotte, 60% Wool/40% PET, w/lining 0.721 0.172 0.230 1.114 324.0¢
CsY Culotet, 50% Cotton/50% Linen, w/lining 0.741 0.192 0.226 1.085 318,11
ceY Culotte, 80% Rayon/20% PET, w/lining 0.700 0.151 0.188 1.078 197.76
c7Y Culotte, 100% Nylon, w/lining 0.699 0.150 0.210 1.078 145.33
c8Y Cuiotte, 100% PET, w/lining 0.697 0.148 0.223 1.152 253.18
coyY Mean a.711 0.163 0,211 1.098 260.35
(5.D.} 0.015 0.074 0.014 0.023 90.89
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Table 5. T-test of I¢je, I¢y and fai for the presense of lining

X without lining with lining
‘ariable t p
N M SD N M SD
(clo) (clo)
sle 40 0.132 0.024 40 0.169 0.017 62.131 <.001
2 40 0.184 0.029 40 0.221 0.026 36.764 <.001.
o 40 1.114 0.050 40 1.117 0.054 0.103 ns

Table 6. Analysis of variance of leie, Ici and for for eight skirt materials

ariable SS df MS F P

te
Between groups 0.0126 7 0.0018 2.6373 <.05
Within groups 0.0492 72 0.0007

11

etween groups 0.0279 7 0.0040 4.9665 <.001
Within groups 0.0577 72 0.0008

M1

Between groups 0.0262 7 0.0037 1.4533 ns
Within groups 0.1854 72 0.0026

Table 7. Results of the Duncan’s muitiple range test of Ige for eight skirt materials

faterfal = 5 6 8 7 2 1 4 s
(N=10) (N=10)  (N=10)  (N=10)  (N=10) (N=10) (N=10) (N=10)

ean 0.131 0.135 0.145 0.147 0.154 0.157 0.161 0.172

pile)
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& neidlyd o 8o 3282 Afade 248 3 A7l AR 8o HAE wedd Holv] wlfol
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Table 8. Analysis of variance of Ly, Iy and for for five skirt styles
Variable Ss df MS F P
I
Between groups 0.0037 4 0.0009 1.2018 ns
Within groups 0.0580 75 0.0008
L
Between groups 0.0156 4 0.0039 4.1868 <.01
Within groups 0.0700 75 0.0009
fer .
Between groups 0.1422 4 0.0356 38.4872 <.001
Within groups 0.0693 75 0.0009

Table 9. Results of the Duncan’s multiple range test of lo for five skirt styles

Skirt styles straight culottes pegged flared gathered
skirt skirt skirt skirt
(N=16) (N=16) (N=17) (N=16) (N=16)
Mean 0.183 0.195 0.197 0.214 0.222
(clo)
Table 10. Results of the Duncan’s multiple range test of 1o for eight skirt materials
Material
number 3 6 8 7 1 4 2 5
(N=10) (N=10) (N=10) (N=10) {N=10) {N=10) {N=10}) {N=10)
Mean 0.174 0.175 0.201 0.201 0.205 0.214 0.214 0.234
(clo)
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Table 11. Results of the Duncan’s multiple range test of fcl for skirt styles
Skirt styles straihgt pegged culottes gathered flared
skrit skirt skrit skirt
(N=16) (N=16) (N=16) (N=16) (N=16)
Mean 1.068 1.075 1,108 1.156 1.173

{clo)

Table 12. intercorrelations among lae, Iy, fa and clo-

thing weight (n=80)
Variables Lo la fa c.weight
Lo - 0.697 0.016 0.360
o - 0.648 0.623
fa - 0.470
c.weight —

AHgE Aol FHol wE fao] Aol A HA %

el

#H2A7E (248g, 190g), 2|3l AEH0E AFAE
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cm?ol i 1 theo] Feffo] A7 E (9930 cm?), A7
E (8138 cm?), #2t2 (7400 cm?)
(5778 cm?) 9] =Afelet,

Sk £ F AHEsted Lo Fakel Aol Aol
5 2ae] 2] oy wAn; Feky Aoy Fke
2efald 497} QA A Y ol o g T4H
apojoll 4} 7)Rleks Aoz Fallo] AAES N2AE
o] A%olE 719 Al wle|y A1 Y Aol §Y
sh wzle] Aol Ballo] A7 e} v Zof Rinke] A
g o] AMejar el ulal o] B wllFoln], Eatz
73S0l st 7t Hatslol £7)71 ok Al Eel A
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Re g siddd
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