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Abstract

The purpose of this study was to examine the correlation between the combination of women’s clothing by
season and thermal insulation using a thermal manikin. A total of 34 kinds of clothing ensembles were
selected based on previous studies(8 types for spring/fall, 7 types for summer, and 19 types for winter). The
results were as follows: The thermal insulation of clothing ensembles(Lic o) ranged from 0.34~0.60clo for
spring/fall, 0.16~0.37clo for summer, and 0.89~1.35clo for winter. The correlation coefficient between the
thermal insulation of clothing ensembles and thermal insulation accumulated by the individual garments
composing of the clothing ensembles(lcic_summed) Was 0.982(p <0.001). The correlation coefficient between the
thermal insulation of clothing ensembles and total clothing layers for the upper body part was 0.750
(p<0.001), for the total clothing weight was 0.978(p <0.001), and for the covering area was 0.776(p <0.001).
In conclusion, lee o sShowed higher relationships to the Icie summed and total clothing weight than to the total
clothing layers or surface area covered by clothing.

Key words: Clothing combination, Thermal insulation, Clothing weight, Covering area, Clothing layers;
S22y, ned, BT, 920, Feluj5

1. Introduction

Clothing is the closest environment to the human
body. Since we wear clothing almost all hours of the
day, it is not questionable that clothing has effects on
environmental adaptation, such as body temperature
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regulation and subjective perceptions. Also, clothing
can have a considerable influence on health, perfor-
mance, and work efficiency in sports activities and spe-
cial work areas as well as in our daily lives. Hence the
exact prediction of clothing insulation and the appro-
priate selection of daily clothing according to daily
weather reports would enhance the quality of life.

In a modem life, requirements for the various kinds
of clothing are increasing due to the particular situa-
tions/extreme environments. Thermal insulation is in-
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fluenced by both outer and inner garments, wearing
the same clothing, and wearing habits(Morris, 1953;
Tamura & Twasaki, 1985). Furthermore, clothing insu-
lation complexly is influenced by a number of factors,
such as air content, heat/moisture transfer of materials,
total clothing weight, total clothing layers, density/air
permeability of fabric, opening of garments, and cloth-
ing allowances.

While the changes in fashion(new wearing habits/
materials/designs, etc.) is fast, studies on clothing insu-
lation has relatively been retarded. Moreover, studies
using thermal manikins have been somewhat sporadic
because of the restriction of the access to the thermal
manikins. Until now, there has been reported about
studies dealt with thermal insulation of textile materi-
als, particular experimental garments, or the effect of
layering on clothing insulation(Choi, 1989; Lee et al.,
2007; McCullough et al., 1983; Son & Baek, 1999; Son
& Char, 1998; Son & Choi, 1999; Sung, 1997). Com-
prehensive studies that try to quantify the thermal
insulation of seasonal clothing ensembles are rare in
Korea. Few studies have tried to investigate the rela-
tionship between total clothing insulation and various
clothing factors with currently worn clothing. It is nec-
essary that we examine the clothing insulation of gar-
ments recently worn clothing by season and we have
an intention of getting the best prediction index of
clothing insulation using a thermal manikin.

As a preliminary step for the present study, we sur-
veyed 825 women about seasonal women's clothing
ensembles using questionnaires(Choi et al., 2006) and
from that survey, we selected a total of 34 types of rep-
resentative clothing ensembles for this study. The aims
of this study were 1) to quantify the clothing insulation
of women's seasonal clothing ensembles; 2) to examine
the change of clothing insulation according to addition/
removal of the individual garments for upper/lower
parts; 3) to etucidate relationships between total cloth-
ing insulation and various clothing factors.

II. Methods
1. Experimental Clothing

As mentioned above, we surveyed 825 women
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about the layering of clothing and actual wear states of
adult women using one-on-one interviews and ques-
tionnaires(Choi et al., 2006). The respondents were
restricted to adult women who lived in Seoul and
Gyeonggi province(January 2005~ August 2005). We
examined Korean women’s wearing conditions(mate-
rials, designs, etc.) and the clothing layers in their
daily lives by season, to select the clothing combina-
tion. Based on that survey, a total of 34 types of cloth-
ing ensembles were selected(8 types for spring/fall, 7
types for summer, and 19 types for winter). These
ensembles were composed of a total of 43 individual
garments(Table 1).

Physical properties of every garment were mea-
sured by the following methods: 1) surface area cov-
ered by clothing(covering area) was estimated using
the photographic method(Lee, 2005), 2) for clothing
weight, every garment was weighed three times with
an electronic balance(Sartorius Company, Germany,
Sensitivity 1g) and averaged, 3) clothing thickness
was measured using a dial-gauge(No 2046S, Mitu-
toyo Company, Japan, Sensitivity 0.01 mm) accord-
ing to KS K 0506, and 4) the air permeability of
clothing was measured by an air permeability tester
(FX 3300, Textest Instruments Company, Switzer-
land) based on the instruction of KS K 0570.

2. Measurement of Thermal Insulation using a
Thermal Manikin

Thermal insulation values of clothing ensembles
were determined using a thermal manikin with 20
parts controlled respectively(Newton, Measurement
Technology NORTHWEST, USA, 1.7 of BSA). This
experiment was tested in FTC(Fashion Textile Cen-
ter) of the Seoul National University(March 2005
~August 2005). The measurements were conducted
two times for every clothing combination and the
average was used. Mean skin temperature of the ther-
mal manikin was maintained at 33.3+0.5°C. The air
temperature of the chamber was set at 21.5+0.5°C,
the relative humidity was 50+ 5%RH, and air velocity
was limited to less than 0.1 m/s. Effective clothing
insulation(l¢e) designated at the value subtracted the
insulation of surface air layer(l,) from total clothing



132 Journal of the Korean Society of Clothing and Textiles Vol. 31 No. 6, 2007

Table 1. The characteristics of the individual garments composing of seasonal clothing ensembles

o Covering Clothing Thickness Air‘ .
Season | No Description Lee Area weight permeability
%) @ mm) | m¥em?sec)
1 | Underwear-Bra 0.02 4 47 4.15 61.0
2 | Underwear-Sleeveless shirts 0.07 26 71 0.63 124.0
3 | T-Shirts(Long sleeves, Round N.) 0.11 42 229 0.97 51.6
] 4 | Jacket(Long sleeves) 0.15 43 406 0.49 2.7
S;;r;xlg/ 5 | Underwear-Panty 0.01 13 2 0.36 195.7
(SF) 6 | Skirt-Knee length, lined 0.12 32 195 0.49 6.6
7 | Trousers(Straight, Ankle L.) 0.22 44 407 0.58 6.2
8 | Pantyhose(Semi-transparent) 0.03 53 24 0.27 3493
9 | Socks(Ankle L.) 0.01 7 21 2.14 167.0
10 | Shoes(Hard sole, Leather) 0.04 7 51 - -
11 { Underwear-Bra 0.02 4 36 0.87 305.0
12 | Underwear(sleeveless, string top) 0.03 23 58 0.60 125.7
13 | T-Shirts(Sleeveless) 0.06 26 120 0.95 67.1
14 | T-Shirts(Half sleeves) 0.09 34 141 0.70 84.7
Summer| 15 | Underwear-Panty 0.01 13 22 0.36 195.7
(S) 16 | Trousers(Semi-bell bottoms, Ankle L.) 0.19 44 251 0.47 48
17 | Skirt(Mini-length) 0.09 21 227 0.64 9.1
18 | Skirt(Knee L.) 0.13 32 146 0.47 2.5
19 |Dress(Sleeveless, Knee L.) 0.19 51 287 0.47 4.8
20 | Sandal 0.02 3 552 - -
21 | Underwear-Bra 0.02 4 47 4.15 61.0
22 | Underwear-Sieeveless shirts 0.07 26 71 0.63 124.0
23 | Sweaters(Long sleeves, Turtle N.) 0.14 37 214 1.31 135.7
24 | T-Shirts(Long sleeves, Turtle N.) 0.15 44 227 0.74 324
25 | Sweater(Half sleeves, turtle N.) 0.14 36 211 1.47 437
26 | Sweater(Long sleeves, round N.) 0.12 42 283 2.03 117.0 B
27 | Underwear-Long johns(Upper) 0.11 42 151 0.74 86.8
28 | Cardigan(Round N.) 0.16 42 259 1.32 87.8
29 | Coat(Mid-calf L.) 0.54 72 1310 2.54 8.5
30 | Underwear-Panty 0.02 15 28 0.55 57.4
) 31 | Underwear-Long johns(Pants) 0.10 43 139 1.50 86.8
“(’f;;)er 32 | Trousers(Straight, Wool, lined) 025 44 527 1.51 9.9
33 | Trousers(Straight, jean) 0.16 44 657 1.08 2.5
34 } Trousers(Straight, corduroy) 0.20 43 402 1.20 7.7
} 35 | Underwear(Tights, Ankle L.) 0.07 46 140 0.68 179
36 | Skirt(Knee L., Wool) 0.17 34 357 1.64 10.5
37 | Panty hose(Opacity) 0.07 53 49 1.06 297.0
38 | Socks(Ankle L.) 0.01 7 i 21 2.14 - 167.0
39 | Shoes(Hard sole, Leather) 0.04 7 511 - - B
40 | Gloves(Leather) 0.02 5 42 0.84 -
41 | Muffler(Wool) 0.03 5 121 2.05 54.9
42 | Hat(Knit) 0.02 5 91 3.27 89.0
43 | Boots(Knee L., Leather) 0.11 23 - - -
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insulation (Ir). Formulas to calculate L are as follow:

Lae=Ir-1,

To: T
IT=6.45(—Sk5 )

=R+ 6.45

I=Total clothing insulation(clo)

Tuw=20 Zone average temperature(°C)
T.r~=Ambient average temperature("C)

A=Body surface area(m?), Q=Area weighted heat

flux(W)
3. Statistical Analysis

For the total clothing weight, clothing layers, cov-
ering area, and thermal insulation accumulated by the
individual garments of each clothing combination
(Le_summed), descriptive statistics were calculated using
SPSS v. 12.0. Pearson’s correlation coefficients were
analyzed to investigate the relationship between
clothing ensembles and various clothing factors, such
as total clothing weight, clothing layers, covering
area, and lee_summed. TO estimate total clothing insula-
tion with various clothing factors as explanatory vari-
ables, regression analysis was conducted. Significant
differences were set at p<0.05.

I11. Results and Discussion

1. Thermal Insulation of Clothing Ensembles
by Season

Thermal insulations of a total of 34 clothing en-
sembles were measured using a thermal manikin.
The insulation showed ranging from 0.34~0.60clo
for spring/fall wear, 0.16~0.37clo for summer, and
0.89~1.35clo for winter. For the spring/fall wear, the
thermal insulation of clothing ensembles had a mean
of 0.46¢lo, and this is the same as that of SF6. The
mean of Iy were 0.26clo and 1.08clo for summer
and winter, respectively. Among our clothing combi-
nations, S5 and W7 were corresponding to these val-
ues for summer and winter(Table 2).

Regarding the thermal insulation of clothing ensem-
bles according to the type of the individual garments,

we maintained upper wears identically but the combi-
nations of lower wears were changed(SF1, SF3, SF5,
SF2, SF4, SF7). In these cases, the increase of cloth-
ing insulation was higher in wearing pants and socks
than in skirts and pantyhose, when comparing the val-
ues predicted from the thermal insulation of the indi-
vidual garment. Conversely, when we kept the lower
wear be identical and the upper wear changed(SFS,
SF6, SF7, SF8), the increase of thermal insulation due
to adding the individual garments was a little lower
than we expected from the thermal insulation of the
individual garments.

For winter wear, when we kept the upper wear be
identical and the lower wear changed(W1, W4, W5,
W6, W7, W8, W9), the thermal insulation of clothing
ensembles showed a little higher value than values
predicted from thermal insulation of the individual
garments. When wearing long john and woolen pants,
the increase of thermal insulation was highest among
various combinations of lower wears. Interestingly,
clothing insulation for this combination was higher
than the combination of panty hose+woolen pants or
the combination of undertights +woolen pants.

In the case of wearing identical lower wear but
changing upper wears(W2, W3, W4, W10, W11),
thermal insulation was highest in wearing the combi-
nation of “bra+sleeveless underwear +sweater”. The
clothing insulation in this case represented a higher
value than the values we predicted using the thermal
insulation of the individual garment. Among all com-
binations, W11 was predicted as showing the highest
thermal insulation, but the value was not high as we
expected. This indicated that, if clothing layers are in
excess to a certain extent, total clothing insulation is
decreased due to the compression of the still-air layer
that exists between clothing layers.

2. Comparisons Between Thermal Insulation
of Clothing Ensembles(Lic-tota) and Thermal
Insulation Accumulated by the Individual
Garments Composing of the Clothing ensem-
bles(Leiesummea)

We compared thermal insulation of clothing ensem-
bles with thermal insulation accumulated by the indi-



134 Journal of the Korean Society of Clothing and Textiles Vol. 31 No. 6, 2007

Table 2. Total clothing layers, total clothing weight, covering area and thermal insulation of clothing ensembles

using a thermal manikin

. clothing layers | Total Total .
No Con.rlposmon of wooor | Tower | clothing | clothing Covering | accumulated Lue
_ clothing ensembles -vI:fzar oot | Tayers | weight(g) Area(%) Tete

SF1 | (1+3)+(5+6)+10 2 2 4 493 72 0.28 0.34
SF2 | (143+4)+(5+6)+10 3 2 5 899 72 0.43 0.41
SF3 | (1+3)+(5+6)+8+10 2 3 5 517 86 0.31 0.36
SF4 | (1+3+4)+H(5+6)+8+10 3 3 6 923 86 - 0.46 0.44
SF5 | (1+3)+(5+7)+9+10 2 2 4 726 86 0.38 0.48
SF6 | (14+2+3)+(5+7)+9+10 3 2 5 797 86 0.45 0.47
SF7 | (1+3+4)+H(5+7)+9+10 3 2 5 1132 86 0.53 0.56
SF8 | (1424+3+4)+(5+7)+9+10 4 2 6 1203 86 0.60 0.60
SI | (11+13)H(15+17)+20 2 2 4 405 45 0.20 0.16
S2 | (11+14)+(15+17)+20 2 2 4 426 51 0.23 0.22
S3 | (1)H15+19)+20 2 2 4 345 54 0.24 0.23
S4 | (11+14)+(15+18)+20 2 2 4 345 64 0.27 0.24
S5 (11+12+14)+(15+18)+20 3 2 S 403 64 0.30 0.27
S6 (11+14)+(15+16)+20 2 2 4 450 78 0.33 0.32
S7 | (11+12+14)+(15+16)+20 3 2 5 508 78 0.36 0.37
W1 | (21+23+29)+(30+33)+38+39 3 2 5 2271 88 0.89 0.89
W2 | (21+26+29)+(30+32)+38+39 3 2 5 2210 86 0.93 0.94
W3 | (21+25+29)+(30+32)+38+39 3 2 5 2138 88 0.95 0.97
w4 (21+23+29)+(30+32)+38+39 3 2 5 2141 88 0.95 0.98
W5 | (21+23+29)F(30+31+32)+38+39 3 3 6 2280 88 1.05 1.16
W6 | (21+23+29)+(30+34)+38+39 3 2 5 2016 88 0.93 1.00
W7 | (21+423+29)+(30+36)+37+43 3 2 5 1999 88 1.04 1.07
W8 | (21+23+29)+(30+32)+37+39 3 3 6 2169 88 1.02 1.11
W9 | (214+23+29)+(30+35+32)+38+39 3 3 6 2281 88 1.02 1.10
WI0 | (21422+23+29)+(30+32)+38+39 4 2 6 2212 88 1.02 1.11
WIL{ (21+27+23+29)+(30+32)+38+39 4 2 6 2292 88 1.06 0.97
WI2 | (21422+23+29)+(30+3132)+38+39 4 3 7 2351 88 1.12 1.16
WI3 [ (21422+23+28+29)+(30+32)+38+39 5 2 7 2471 88 1.18 1.16
W14 | (21+22+23+28+29)+(30+31+32)+38+39 5 3 8 2610 88 1.28 1.22
WIS | (21422+24+29)+(30+32)+38+39 4 2 6 2225 88 1.03 1.02
W16 | (21+24+28+29)+(30+32)+38+39 4 2 6 2413 88 [.12 1.11
W17 | (21+22+23+29)+(30+36)+37+39 4 3 7 2070 88 1.00 0.91
W18 | (21422423+29)+(30+32)+38+39+40+41 4 2 6 2375 93 1.07 1.30
W19 | (21422+23+29)+(30+32)+38+39+40+4 1+42 4 2 6 2466 98 1.09 1.35

number of composition of clothing ensembles mean the individual garment of <Table 1>

vidual garments composing of the clothing ensembles
(Lie_summed). As a result, the correlation coefficient
was 0.982(p<0.001). However, there showed a little
difference by seasonal clothing. For spring/fail wear,
Leie_summed Were close to the e ow. For summer wear,

Lele_summed Showed a slightly higher value than the L.
wwal- FOr winter clothing, the results showed a reverse
tendency to summer wear loe ummea Was a little
lower(or similar) than I . In particular, for the
cases of W18 and W19 adding gloves, a muffler, or a

-970-
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Fig. 1. A scatter plot of l.,. measured using a thermal
manikin and |y, estimated by the thermal
insulation accumulated by the individual
garmenls(lcm_sm).

hat, increases in thermal insulation was higher than
Lite_summed by 0.23~0.26c¢lo. It can be interpreted that
blocking the openings around the periphery are a
more effective way of keeping the body warm than
adding insulation on other body parts.

For the case of estimating/predicting thermal insu-
lation of clothing ensembles using the thermal insu-
lation of the individual garments, we derived the
following equation(Eq. 1). Explanatory power of <Eq.
1> was 99.3%(Fig. 1).

Loe=1.037Zlge; (*=0.993,p<0.001)  <Eq.1>

Table 3. Correlation coefficients between thermal
insulation and clothing factors

Clothing factor r
Clothing layers of upper-wear 0.750***
Clothing layers of lower-wear 0.247
Total of clothing layers 0.738***
Total clothing weight 0.978%**
Covering Area 0.776***
Accumulated e
(individual garment composing of the clothing | 0.982%**
ensembles)

*+¥p<.001

-971 -

3. Relationship between Thermal Insulation of
Clothing Ensembles and Other Clothing
Factors(Clothing layers, clothing weight,
and covering area)

Regarding clothing layers, upper wear layers
means the layers covered over the breast and lower
wear layers means the léyers covered over the pelvis
and hip. In the cases where linings are included, we
counted the lining to the total clothing layers as a
piece. According to our previous study(Choi et al.,
2006), the most worn clothing layers were three
upper layers and two lower layers for spring/fall out-
wears, and total clothing layers were 4~ 6 layers Two
upper layers and two lower layers(total 4~5 layers)
for summer; four upper layers and two lower layers
(total 5~8 layers) for winter. Shim(1985) reported
higher numbers for the clothing layers. This is because
she included a muffler, gloves, and socks in the total
clothing layers. Correlation coefficient between e total
and total clothing layers was 0.738 (p<0.001).

Regarding clothing weight, the total mass of cloth-
ing ensembles had a range of 493~1,203 g, 345~
508 g and 1,999~2,610 g for spring/fall, summer,
and winter wear, respectively. We did not include
shoes to the total clothing mass. Correlation coeffi-
cient between lae o and total clothing weight was
0.978(»<0.001).

The surface area covered by clothing showed
ranges from 72~86% for spring/fall, 45~78% for
summer, and 86~98% for winter wear. The correla-
tion coefficient between lce o and covering area
was 0.776(p<0.001).

In cases where we only have information about
clothing pictures, not clothing layers, total clothing
weight, or thermal insulation of the individual gar-
ments, we derived another formula based on covering
area. When estimating the thermal insulation of cloth-
ing ensembles with the clothing pictures, the follow-
ing equation would be useful for the estimation.
Explanatory power of <Eq. 2> was 98.9%(Fig. 2).

L. =0.0004825 x clothing weight(g)

(*=0.989, p<0.001) <Eq. 2>
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Fig. 2. A scatter plot of I.. measured using a thermal
manikin and |, estimated total clothing weight.

IV. Summary and Conclusions

The purpose of this study was to investigate rela-
tionships between thermal insulation of clothing
ensembles and clothing factors, such as the sum of
thermal insulation of the individual garments, cloth-
ing layers, clothing mass, and covering area. To ful-
fill our goals, we surveyed first women's clothing
with questionnaires by season. Based on the prelimi-
nary survey, we selected a total of 34 types of cloth-
ing ensembles. After setting the combinations and
the individual garment, we measured directly cloth-
ing insulation using a thermal manikin, with the
physical characteristics of the individual garments.

The results showed that 1) the. thermal insulation
of clothing ensembles had a range from 0.34~0.60clo
(8 types) for spring/fall, 0.16~0.37clo(7 types) for
summer, and 0.89~1.35¢lo(19 types) for winter 2)
correlation coefficient between thermal insulation of
clothing ensembles(Ieie o) and thermal insulation
accumulated by the individual garments composing
of the clothing ensembles(lue_summea) Was 0.982(p<
0.001). To estimate Leie total With Leie_summed, we derived
the following equation: Lue=1.03 7L, (°=0.993, p<0.001)
3) the correlation coefficient between upper wear
layers and Lic o Was 0.750(p<0.001), for the total
clothing was 0.978, and for the covering area was
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0.776(p <0.001). All clothing factors involved in this
study showed the significant relationships to Iue total.
Among those clothing factors, luc summes had the
strongest relationship to I ot

In conclusion, we confirmed the possibility to esti-
mate the thermal insulation of clothing ensembles
using various clothing factors, with the high validity.
Also, insulation-data obtained from both of the indi-
vidual garments and clothing ensembles can be
applied in quantification of the thermal insulation of
commercial clothing products. Future studies con-
cerning various accessories having relatively higher
thermal insulation are required. Also, we need to
compare the clothing insulation obtained from a ther-
mal manikin and wearing trials of human subjects.
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