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The Comfortability and the Clothing Pressure of the Panty Hose
in Wearing Condition

Noriko ITo and Mieko TAKEUTI

Faculty of Education, Tottori University, Tottori 680

The wearing tests for 15 different samples were performed with 10 female subjects to investigate
the factors of general comfort sensation of panty hose. The sensory evaluation in wearing
condition and the mechanical properties of the materials were measured and analyzed. Further-
more, the clothing pressure of the panty hose were measured by a modified air bag system.

The results were obtained as follows.

1) The general comfort sensation of panty hose correlated with the sensation of movability
(r=0.702), smoothness (»=0.612) and softness {r=0.474).

2) The softness, movability and smoothness sensation of the panty hose related respectively to
the LC value of compression, the value of tensile force and the MMD value of the mechanical

properties of the materials.

3) The general comfort sensasion did not correlate with the sense of compression. It was not
better when the sense of compression was high but also when it was low. The comfortable hose

was at a proper pressure level on the leg.

4) The level of comfortable pressure of panty hose was approximately 5, 7 and 10 gf/cm? on
the front thigh, the back lower leg and the ankle, respectively.
Reliability of these figures were coincident with that by the calculated pressure values.
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Table 1. The sample
Sample Textile Yarn count Thickness Weight Price
No. structure (denier) (mm) (g/m?) (yen)
1 SCY Nylon 11.7d/3 % 0.305 30.00 1,000
Polyurethan  42.8d
2 SCY Nylon 13.2d/3 % 0.269 24.65 500
Polyurethan  36.3d
3 SCY Nylon 16.2d/3 & 0.269 22.04 250
Polyurethan  33.9d
4 DCY Nylon 16.2d/3 & 0.305 43.06 500
Polyurethan  70.3d
5 DCY Nylon 16.5d/3 & 0.376 54.15 1,000
Polyurethan 150.0d
6 DCY Nylon 55.4d/16 & 0.459 82.47 3,000
Polyurethan 174.6d
7 DCY Nylon 49.6d/2 & 0.518 86.02 12,000
Polyurethan 194.4d
8 DCY Nylon 10.8d/3% 0.256 25.10 1,000
Polyurethan  43.2d
9 DCY Nylon 15.0d/5 & 0.298 25.85 267
Polyurethan 45.3d
10 AS Nylon 13.2d 0.466 42.93 1,000
Polyurethan
11 AD Nylon 29.3d 0.352 67.03 500
Polyurethan
12 AD Nylon 35.6d 0.588 73.48 400
Polyurethan
13 AD Nylon 35.7 0.413 43.51 500
Polyurethan
14 WL Nylon 14.0d/5%& 0.405 23.36 60
15 WL Nylon 20.04/5 & 0.439 28.28 116

Abbreviations used: SCY, single covered yarns; DCY, double covered yarns;

AS, all single

covered yarns; AD, all double covered yarns; and WL, woolly finished yarns respectively.
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Table 2. The measuring condition

Parameters Measuring condition

Compression Maximum pressure: pp, =10 gf/cm?
Speed: 1 mm/50s
Rate of compression: 0.02 mm/s
Surface Speed: 1 mm/s
Tension of specimen: 5 gf/cm
Contact force: 5 gf

Strip-biaxial tensile Speed: 0.56 mm/s
(KES-G2) Maximum tensile stress: 50 gf/cm

Table 3. The mechanical values of panty hose

Compressive property Tensile force Surface property
e LC WC RC TO WARP WEFT MIU MMD SMD
1 0.782 0.024 44.0 0.305 27.3 22.1 0.275 0.0188 11.471
2 0.801 0.018 44.4 0.269 43.0 34.5 0.247 0.0152 9.477
3 0.772 0.021 42.9 0.269 35.0 32.1 0.273 0.0173 6.485
4 0.845 0.019 52.6 0.305 53.9 51.8 0.277 0.0253 10.368
5 0.930 0.022 50.0 0.376 58.2 103.8 0.160 0.0153 2.977
6 0.845 0.024 37.5 0.459 43.1 97.3 0.226 0.0191 9.305
7 0.845 0.033 38.2 0.518 107.8 111.2 0.194 0.0259 6.566
8 0.958 0.017 41.2 0.256 45.9 37.0 0.201 0.0143 6.980
9 0.845 0.023 30.4 0.298 27.0 44.8 0.249 0.0140 8.786
10 0.706 0.055 46.4 0.466 8.6 7.2 0.201 0.0175 3.217
11 0.798 0.033 47.1 0.352 36.8 35.0 0.275 0.0086 3.406
12 0.845 0.045 43.5 0.588 24.9 28.5 0.315 0.0121 6.145
13 0.805 0.039 42.5 0.413 14.2 26.2 0.216 0.0096 3.567
14 0.753 0.040 39.0 0.405 20.2 12.0 0.230 0.0222 9.376
15 0.781 0.048 34.7 0.439 17.3 10.8 0.274 0.0222 5.873
Table 4. Characteristics of the subjects (z=10)
Subject . Body Waist Hip Maximum Kpee Maximum Anpkie Foot Rohrer
Hight . . X thigh K lower leg . .
No. weight girth girth irth girth irth grith length index
@ (kg  lem)  (em)  em)  (m)  Gm)  (em)  (em)

Means  157.88 50.13 62.69 87.81 47.97 34.29 33.33 20.04 23.40 127.44

S.D. 2.77 5.01 3.44 3.20 3.03 1.41 0.65 0.67 0.54 12.59
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Fig. 1. The photographs of the panty hose
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Fig.2. The measuring point of the clothing pres-

sure
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Table 5. Mean and S.D. of the sensory evaluation for panty hose
Softness Compression Movement Smoothness Comfort
No- Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
1 1.0 0.94 0.1 1.10 1.4 0.52 0.5 0.97 1.0 0.82
2 0.1 0.99 —=0.7 0.67 0.9 0.74 0.4 0.84 0.6 0.84
3 1.5 0.71 0.0 1.15 1.6 0.52 0.8 0.79 1.4 0.52
4 -~0.4 0.84 —0.8 0.92 0.4 1.17 —-0.2  0.92 0.1 1.29
5 —0.4 1.26 —0.8 1.32 0.8 1.03 0.3 0.82 0.1 1.10
6 —0.4 1.08 —1.7 0.48 —0.8 0.92 0.0 1.15 —1.2  0.63
7 —1.7 0.48 -0.9 1.10 —0.9 0.99 -1.5  0.97 —0.7 1.16
8 0.8 0.79 0.1 0.88 1.3 0.67 0.6 0.97 0.9 0.88
9 0.5 0.7 -0.5 0.85 0.7 0.82 —0.4 0.84 0.3 0.48
10 1.6 0.70 1.7 0.48 0.7 1.77 0.3 1.42 0.3 0.82
11 1.6 0.52 —0.4 0.84 1.4 0.97 1.3 0.67 1.5  0.71
12 0.9 0.88 —0.7 0.82 0.9 0.99 0.6 1.17 0.8 1.14
13 1.6 0.52 —-0.1 1.10 1.9 0.32 1.5 0.71 1.6 0.52
14 1.8  0.42 2.0 0.00 0.8 1.40 —0.3 1.06 —0.2 0.79
15 1.9 0.32 1.8  0.42 1.0 1.25 0.2 1.14 0.0 0.67
Mean 0.69 1.29 —0.06 1.34 0.81 1.22 0.27 1.17 0.43 1.13

Table 6. The parts of compressive sensation on the leg

Thigh Lower leg Ankle Foot The others Total
High 15 5 4 2 4 17
compression (88.2) (29.4) (23.5) (11.8) (23.5)
A slight high 37 16 8 7 5 60
compression (61.7) (26.7) (13.3) (11.7) (8.3

* The figures represent the number of persons (%) and those in parentheses

the percentage (%).
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The relation between four factors and the comfort of panty hose in sensory evaluation
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Table 7. The correlation between three fac-
tors (softness, movement, smooth-
ness) of sensory evaluation and the

mechanical properties of panty hose

LC WwC RC TO

Soft 0.4379**
0.0001

0.3934**
0.0001

0.0663
0.4206

0.0819
0.3193

WARP WEFT

0.3883**
0.0001

0.4374**
0.0001

Move

MIU

0.1513
0.0645

MMD SMD

Smooth 0.4707**
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0.2390**
0.0032

** p<0.01.

WEFT, MMD O fins/NE < eid e 513 Y, &=
T2, LHLH»rEOFHEIES kAMEAEIC K B,

Tubh, HMMEEATLIEREEZ LNLLRD
L&, BIERT X, L RiF, FNFNEHER
¥ LC, HE®HED WEFT, £E#EMH» MMD T
RTZEHDNTE, WIFNL ZDEHI/AIWIT OB
PECEHMEIN D L) ZEBHLREL T2, D
MERIL, AL OBREEZBEMTELNTH S,

(2) #ARE & EEBRNBIR

1) &

T 4=y X TOREEY, HREL L UE
HRERICHEZBIIZL TV E 2B M50, £
BRI & 1872 B & OSSIAL T ZERLDO AR
JEZMERBERE L B8 o oGS % Table 8
IZ7R9, Table 8 &1, &L LT HOTALD
BIREEL Lo T4 —A My X 70EEBICERYE
WREDLNDZ Edbh -7z,

BERBL DM IRIE 4l & #ZE#{R 2= % Table 9
Y.

2) FHERRE BRI ARIE

FEBHIFHE T2 B & ZEMAIC BT 2 BRED
AR 247V, BEMALS &I B 2 KD 72, Fig.
5-1-a) ~5-3-b) i3, FEERKDFHE & BARE O FEEE
#, BRBHCOWTEEAANIC 72y FLAEDLDOTH
N, ZOLETICBREBRRZRT. &b, Kdz
BRI iz R,

Fig. 5-1-a) DAL KBRERIC DWW T A S &, #RE

@317) 47

NI | -El ectronic Library Service



Japan soci ety of Home Economics

Vol.45 No.4 (1994)

BRI r=0.647 (p<0.01) &5 7%
BB A S L, KEEFRRTTE D#ARE AT 2~ 3 gf/
cm? DRFHIAL T3 [W B W], 5gf/cm? B DR
il T lIbrirEdwl, 10gf/cm?*iE< % 3
ET&Dw] LFHEiL T 5.

Fig.5-2-a) OMAI TREFICOWTH, #HRELE
HEREOFEBFREIT »=0.616 (p<0.01) & &E\VFEBS
A6tz TR E DBAREST 4~5 gf /cm? AR}
XL T [Wwaw], 7gf/ecm? @i @Ak icxt L T
[HiroEEv], 13gf/cm? L EnERBHIXTL T [&
D] EFHfiL T,

Fig.5-3-a) DMALREERIE, #HIREH5~6 gf/cm?

DFEREHHTL T [W B ], 10 gf/cm?® BjfE O 3AEHC
LT brdEdv], 15gf/cm? A ichb e [&
D] EFHEiL T3, 722 DL T H HEBIRE
r=0.519 (p<0.01) &) BB AL,

ZLT, No.6D Lk Hic34re bHREIFND
DIIFEEBESE L, No.l, 8 10Nk HiIC37Frs
LERESIEN D DIREBEREL L, s DHRE
VRV TIRERBESENZ L hbh -2, HWEMTIE
Fig.5-1-b), 5-2-b), 5-3-b) 2T & 9 iz, #RER
WTENLITAIER L D L 1~3gf/em?* &< % 55, H 3B
WZIZIZEL LT WHATH Y, BIRELEBRERE DK
FRIZSIAIEF R TH 5.

KRB OWTAH B L, KBE, THRE, Euio
JEICHEREDEI VXA KRELL T ->TW b, 2T

KEEFDOBFRAZF RO AE (, TR, BEHBEIEA
RINEL L5 TWBZEPFBERTE W EEZ LN
5,

AR THLNIZ S T 4 —2 by X ZTOHRE
DBEEIE, KEBEPEIE T3 5 gf/cm? B, T RER
HE T3 7gf/cm? Bijf%, EREETIX10gf/cm? TH
3. B, InbDOEMOMEEEIX, FHL TKE
R 7.64cm, THEEE5.31cm, BEEE3.19cm TH 5.
W, —ENBRIGNI»ZENEFNOTALIC D > T
3 ERET UL, Z0s D EREEL S, KBREO#
RIE# 1 & L72EOTRE, BREMOMREIX, Zih
FR1.4418, 2,405 &b, KBREOWEHKIRES
gf/cm? 0 1.44 %132 7.2 gf/em?,  2.40 &3 12.0 gf/

Fig. 4. The relations between the three values and

HARBESHE
LC o8
05
0.9+
\ y=—0.0222+0.836(r=0.438)*"
46
07 ol | / ol o12
o1l 0.8}02 013
°9 3 ©I5
014
0.7t o10
[ T .
—2 -1 0 1
Softness
Fig. 4-a). The LC value and the softness
WEFT
150
o7
06 100F ©5
\ )
/ ) e ]
11.7112+53.067¢ ) }%u 3
y=—11.711x+53. 7=0.437)** o O~
°o12 T —
14 °1 13
o]
100 o15
2 -1 0 1 2
Movement
Fig. 4-b). The WEFT value and the movement
MMD
0.03}
o7 40
15
140 o
0.021 1
6 10 ©
03
y=—0.002x+0.018 (r=0.471)** ood
o9 5 o8
012
0.01F 013
o]
1
-2 -1 0 1 2
Smoothness

Fig. 4-c). The MMD value and the smoothness

48

the three factors of sensory evaluation

The numbers in each figure are the sample number of
panty hose. ** »<0.01.
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WoF 4 —RA by ¥ o7 OREE EHREICDONT

Table 8. The result of variance analysis of panty hose

Source DF Anova SS F value
The sense of compression Sample 14 164.76 15.32**
Thigh Sample 14 542.44 24.15**
The clothing pressure | Lower leg Sample 14 827.20 24.10**
Ankle Sample 14 1273.68 15.47**
** F<0.01.
Table 9. The clothing pressure of panty hose
Thigh Lower leg Ankle
No.
Mean S.D. Mean S.D. Mean S.D.
1 S, 5.04 1.42 6.93 1.31 6.99 1.35
S 4.98 0.83 6.19 0.82 5.42 1.11
2 S, 5.68 1.45 6.58 1.50 8.82 2.27
S, 5.53 0.87 5.62 0.94 6.67 1.24
3 S, 4.71 1.17 6.74 1.43 10.81 2.13
S, 4.68 0.80 5.34 0.58 8.09 1.65
4 S, 5.43 1.56 7.82 1.56 10.10 1.94
S, 5.24 1.13 6.69 1.06 7.14 1.36
5 S, 8.31 1.58 9.43 1.55 12.27 2.98
S, 8.36 1.64 8.70 0.94 9.43 2.18
6 S, 9.30 1.42 13.59 2.42 15.04 4.87
S, 8.89 1.52 12.69 1.91 11.23 2.59
7 S, 6.71 1.20 10.53 2.03 14.24 3.10
S, 6.17 1.02 9.40 1.30 10.64 2.40
8 S, 5.01 1.34 6.53 1.22 8.79 2.03
S 4.68 0.85 5.11 0.85 6.48 1.45
9 S, 5.12 1.11 6.93 0.90 10.21 1.98
S, 4.84 0.83 6.10 0.86 7.76 1.17
10 S, 2.26 0.68 4.29 1.44 6.38 2.38
S, 2.29 0.70 3.83 1.61 4.28 1.61
11 S, 4.86 1.11 6.57 1.46 9.13 1.85
S, 5.48 1.76 5.37 1.00 7.30 0.96
12 S, 4.90 1.15 7.35 1.45 6.99 1.76
S, 5.39 2.17 6.00 0.94 5.39 1.31
13 S, 5.22 1.52 7.73 2.02 11.02 2.39
S, 5.17 1.43 6.66 0.98 8.02 1.50
14 S, 2.57 1.10 4.15 1.41 4.85 1.16
S, 3.05 1.32 3.46 1.14 3.57 1.10
15 S, 2.18 0.77 4.75 1.14 5.41 1.86
S, 2.27 0.78 3.62 0.89 3.49 1.40
S,, Standing posture; S,, sitting posture.
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Fig. 5-1.

a) In standing posture. b) In sitting posture.

The relations between the clothing pressure of the thigh and the sense of compression

The numbers in each figure are the sample number of panty hose.

Fig. 5-2. The relations between the clothing pressure of the lower leg and the sense of compression

a) In standing posture. b) In sitting posture.

The numbers in each figure are the sample number of panty hose.

Fig. 5-3. The relations between the clothing pressure of the ankle and the sense of compression

a) In standing posture. b) In sitting posture.
** p<0.01.

The numbers in each figure are the sample number of panty hose.

(321) 51

NI | -El ectronic Library Service



Japan soci ety of Home Economics

HARBEESE Vol 45
4) ST TF A=A by ¥ T OBREO BRI, 2)
KEREBEIE A5 of em? Bi 4%, FTREB#@cwTel/ 3
cm? B, EHETH 10 gffom? B THh - 72, 17 g
Ry PHRTEBL N I OfER, BEHEEE O
B LEHTE AETH D, 6)
5) WINOEWALIC BT OWIRE & EfBucizE D
B EAEBIRY b LD A%, B KRR ORI A g
BTk, R B L CREERE % 5 A
HENZ X, BEOKBRTOBRERNE®EC T 10)
XHDUENT LU Eh b, SATARRER & thuth e BRI
BRI IUE, AMKHEA~OEEOES 2 HET 5 2 3
LHTE B,
13)
KFRE D BICh ), MEE L T#T ) R
BEOEHAEET TSV L BB PRt 19
FHE, ERCEHNT S0 LRREEEARH,
BETHE R N BB 0¥ L L ) RS L L
E P 16)
17)
3 B X W -

1) BEEAT £/ O DEEREE I, BH LEFHM,
Hxt, 18 (1992)

No. 4 (1994)

BRETF, KHET | K4EIE 35, 39~45 (1992)
AT KA, 31, 29~33 (1988)

JE BT © S, 36, 212~217 (1983)

KERSLF, HPEF, AHEH . BELFEHRER
3 28, 111~117 (1990)

[FHMET], PRt @ Mgk, 23, 135~144 (1982)
BEAEF | EiIEEE, 30, 80~86 (1989)

AT [ MY Es, 30, 118~124 (1989)

KEFREAL, BEATERF | AR EHRBEADE (BE
W9 A) AFRREUREEE, 40~47 (1992)
SR T T, BAEF, FATHF | Y,
669 (1992)

SEMSCHE | N EE, 30, 8~13 (1989)
SRET, RESHTF, PHNEE . BAKRELH
78~89 (1992)

HAETF | CEREREH R RS BAHRA) #F
RRIRESE, 48~52 (1992)

RERL T, ZBEE, THEX  CHERENERE
& (BAWE A) R REHERE, 57~61 (1992)
FEAC T, kIR THE, e E M | 850 EE, 27, 257~
262 (1986)

ISR s EE (GRocse), 39, T169~T172 (1986)
HEFER SWRETF, FIIHF R 33, 254~
260 (1992)

Kirk, Wm,, Jr. and Ibrahim, S. M.: Text. Res. ., 36,
37-43 (1966)

, 661~

35,

Appendix 1. The parameters and these meaning of mechanical properties of panty hose
L. . Meaning of the value
Property Parameter Description Unit of parameter .
WARP Tensile force of 100% gf/cm The smaller, the more
Tensil warp elongation expansibility
ensile
WEFT Tensile force of 100% gf/cm The smaller, the more
weft elongation expansibility
LC Linearity of compression none The nearer value of 1, the
harder
- WC Compressional energy g+cm/cm? The larger, the more
Compression compressive
RC Compressional resilience % The nearer of value of 100,
the more resilience
MIU Coefficient of friction none The larger, the more friction-
less
Surface* MMD Mean deviation of MIU none The larger, the more rough
SMD Geometrical roughness um The larger, the more rough
Thickness* TO Thickness of 0.5 gf/cm? mm The larger, the thicker

* Kawabata, S. The Standardization and Analysis of Hand Evaluation, 3 rd Edition, The Text. Mach. Soc. of

Japan, Osaka, 7-8 (1980)
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