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Influence of the Mechanical Characteristics of the Fabrics on Local
Deformation of Flared Skirts under the Clothing’s Own Weight

— Using Multiple Regression Analysis—

Abstract

Recently, in the apparel field, it has become imperative to speed up planning and
accelerate the production cycle. At the design and apparel production site, a problem is
caused by the gap created between the toile (an early version of a finished garment made
up in cheap material so that the design can be tested and perfected) and the actual
production, as well as by using the same pattern and changing only the fabric. Since
changing the fabric will change the silhouette shape, the patterner is forced to correct the
pattern for each fabric. Until now, patterners have corrected them at their own empirical
discretion, with insufficient results. If it becomes possible to predict the deformation of
clothing from the mechanical characteristics of fabric, it will lead to more efficient
garment design. In addition, even if different fabrics are used, knowledge about the
relationship between material properties and deformation is required in order to make it
possible to reproduce without a finished image while maintaining the shape of the
clothing of toile. In particular, the shape of a flared skirt varies greatly depending on the
material, and the significant deformation appears. Many studies have investigated the
relation between silhouette and mechanical properties, but there are no studies of local
deformation.

From the above viewpoint, in this study, a flared skirt was manufactured using 14 types



of fabrics with different composition and structure, and the deformation in the gravity
and orthogonal directions of each part was measured using the circular stamp method.
The skirt was put on a body and the parts were measured. The waist of the skirt was
fixed with a hanger and left in a constant temperature and humidity chamber. Multiple
regression analysis was used to investigate the influence of the mechanical properties of the fabric and

local deformation of the flared skirt under its own weight.

Chapter 1.Introduction

In this chapter, we examined the social background and previous research of this subject and

described the purpose and significance of this research.

Chapter 2. Comparison between virtual (three-dimensional virtual wearing simulation) and real (actual

production)

In this chapter, a three-dimensional pattern created using the surface development function of the
new-type apparel three-dimensional CAD and a plane pattern drawn using the upper body prototype
and the lower body prototype of Bunka formula were compared. In addition, a flare skirt pattern for
experiments was prepared in the same way, and simulation was carried out using a three dimensional
virtual wearing system. The simulated skirt and the actual skirt were then comparatively examined.

In the comparison between the three-dimensional pattern and the planar pattern, even if the finished
dimensions are the same, there is a difference in fitness between the two — the three-dimensional
pattern developed from the surface of the virtual body was closer to the intended silhouette, and the fit
was high.

Regarding the comparison between simulation and actual production in Hitoto and Pattern Magic 1l
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3D, in both cases dissociation was recognized between real production such as a silhouette and the
number of nodes, node height.

For the 3D fit view, the representation of the pattern was very real and almost unchanged from the
real thing, but dissociation was recognized with the actual skirt, such as fabric difference, silhouette
and the number of nodes, node height.

Regarding the possibility of a new type of apparel CAD, the usefulness for a surface development
function of a virtualized body was confirmed. However, in the three-dimensional virtual wearing

simulation, it was shown that there was a problem with reproducibility.

Chapter 3. Local deformation on flared skirts under clothing’s own weight using 4 kinds of fabrics

In this chapter, the deformation of a long flared skirt with a skirt length of 80 cm was made using 4
kinds of fabrics — sheeting, broad, satincrepe and cupra — under the skirt’s own weight after leaving
it for 2 weeks was measured. The measurement points were 40 intersection points at each row and
each column of the skirt. For the measurement, the rate of change in the gravity direction and the
orthogonal direction was estimated using an ellipse equation based on measured values of internal line,
vertical, horizontal and diagonal with a diameter of 20 mm, using the circular stamp method.

It was shown that the rate of change for each part became elongated in the gravity direction and
contracted in the orthogonal direction. The results of the 3-way ANOVA test based on fabric, row and
column showed that deformation was more significant as followed : fabric (satincrepe> cupra>
sheeting = broadcloth), row (2nd> 3rd> 1st> 4™), and column (side>center).

The swing of the side line of the flare skirt was thought to be due to the difference between the local
deformation of the right bias and the left bias.

The local deformation of the 2nd row and the 3rd row showed high correlation (p<0.01) with the
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mechanical properties of the fabric, especially bending and shearing.

Chapter 4. Mechanical properties of the sample fabric

In this chapter, structural, mechanical and drape properties of 14 kinds of sample fabrics were
measured and investigated. In addition, based on the specifications of the fabric and the mechanical
property values, principal component analysis was performed to extract the features of each sample.

Fourteen kinds of sample fabrics with different fiber composition and tissue were selected. The
structural properties of the sample such as the weave structure, thickness, weight, weave density,
direction of twist, crossing point of each sample were measured, four items: tensile characteristics,
shear characteristics, bending characteristics, and surface characteristics of the sample fabric were
measured using a KES-FB texture measurement system. As for the drape property, the drape
coefficient and the area of each sample were measured using a drape tester and examined together
with the shape of the cross section of the skirt. Based on these measurements, principal component
analysis of 12 items was attempted. For that item, it was thickness, weave density, weight, crossing
point, EMTwp, EMTwf, Gwp, Gwf, Bwp, Bwf, MIUwp, MIUwf. It was considered to explain the
degree of stiffness and thickness of the fabric in the first principal component, the degree of
elongation of the fabric and magnitude of the frictional resistance in the second principal component
and the crossing point in the third principal component. Fourteen sample fabrics were divided into five

groups, and it was confirmed that a wide range of sample fabrics was selected.

Chapter 5. Relationship between local deformation of the skirt under its own weight and mechanical

properties using 14 kinds of fabric

In this chapter, for flared skirts of the same pattern made from 14 kinds of different fabrics, the local
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deformation of the skirt under its own weight at each of the 40 points was measured by the circular
stamp method, and the characteristics of deformation of each site were analyzed and the influence of
the mechanical properties of the fabric on the local deformation was investigated.

Regarding the rate of change by site, the results of the 3-way ANOVA test based on fabric, row and
column, in the fabric, all three factors showed a significant difference in risk of less than 1%. Asa
result of multiple comparisons, deformations such as silksatin, Habutae were large, and deformation
such as broad, sheeting and denim was small. In the row, the deformation was large in the order of
(2nd> 3rd =1st> 4th), in the column, the deformation was large in the order of (side>middle>center).

As a result of multiple regression analysis with the KES value as the explanatory variable, in the
gravity direction of the first row, the tensile elongation percentage in the warp direction was extracted
for all of the rows, and in the orthogonal direction, influencing factors coexisted. In the 2nd and 3rd
rows, the left and right side lines where the deformation was large, more than two causes influenced
the deformation. It was shown that the influence of shearing stiffness is large in both gravity and
orthogonal directions of each row. In the gravitational direction of the left and right intermediate lines,
the influence of bending stiffness in the vertical direction and the horizontal direction was large, and
in the orthogonal direction, the influence of the shearing stiffness in the vertical direction was large.
For the 4th row, the change was small, but the weave density was extracted. Each measurement point
of the skirt was classified into ten sections showing similar characteristics and a multiple regression
equation for estimating each local deformation was obtained.

Analysis was attempted by adding the drape coefficient, which is a composite characteristic, to the
explanatory variable. Although the contribution rate was slightly lower than when only the mechanical
characteristic value was analyzed as an explanatory variable, it was extracted as the first explanatory

variable in the 2nd and 3rd rows. If the effectiveness of the evaluation method by the drape tester is



demonstrated, analysis that adds the drape coefficient as an explanatory variable was also considered
to be effective.
The local deformation of the left and right side lines showed a difference between the right bias and

the left bias, which suggests that this is the cause of the twist observed in the flared skirt side line.

Chapter 6. Summary

In this chapter, the results of each chapter are summarized, and future prospects are described.

In this study, the local deformation of a skirt under its own weight using 14 different fabrics was
measured by the circular stamp method, and the influence of the mechanical properties of fabric on
deformation was investigated by multiple regression analysis. The factors of fabric, row, and column
showed significant differences. It was revealed that the influence of the mechanical properties of the
fabric on the local deformation varies depending on the part of the skirt. It was therefore possible to
show the possibility of predicting the local deformation of a flared skirt under itsown weight from the
mechanical properties of the fabric. These results are useful for designing and modifying patterns and
can be applied or extended for simulation. In the future, it is necessary to verify the accuracy of the
multiple regression equation with a new fabric. Moreover, in order to make use of it in pattern design,
examination of pattern modification methods for each fabric and verification of items other than flared

skirts are also important.
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Fig.1-1 Tweed setup with hand-sewn 3D parts by Chanel

Source: URL : http://gigazine.net/news/20150925-chanel-couture-3d-printing/



Fig.1-2 Danit Peleg’s fashion collection
by 3D printed design
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Fig.1-3 Katie Gallagher’s fashion collection
by 3D printed design
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Fig.1-4 Fast fashion shop in the world
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(B {szcm) INZAL | HTRE| EVT 53X FE3C
jc{[:g&:h 83.5 61.5 90 36 19
"TA415

(Bfrem) | NRb | 9TRE | BX (Bfiem) | DIRE| v | X
XAERX—F XAERX—F
R 7 90.3 67.5 36 R 7 63.5 94 19

Fig.2-1 Deformation of virtual body (upper body) Fig.2-2 Deformation of virtual body (lower body)
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i b

Fig.2-3 Three-dimensional pattern made by Fig.2-4 The upper body prototype and the skirt
peeling the surface of the virtual body prototype were made by the BUNKA formula
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4) ZVvT7—%UI0L %, BIRAY—2 EORIBROL —>Y % 1.5 Z L, oMl
~ L0 em HATRENT 5.

(5) Rz R~ 0.5 cn FATRET 5.

(6) HHLOMAPHKE (Waist Line LR W.L &HEF) & LOem NIF WL A5G| &HET.

(1) 7v7r—lrEEYIVEI<
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(B fizem) NZAF [ 9TIZR] EvT | £EEY (B fizem) ARE | 9TRR] EvT | EEY
ACS L 742 ACS L 74X
SO N I o 91 ooty | &7 | e | ez |

Fig.2-5 Deformation of virtual body for pattern making
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Fig.2-6 The basic skirt pattern developed from the virtual body
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CE OF

Fig.2-7 Patterns of an experimental flared skirt
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27V D I LR LIEE TCh o= T o7 L—70 12312 7 L7 —3 80K EED,

AL L & gRR O FE % 33 B, A B — FILA& 80 emlZF%E L7z,
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2.22 JLT7—RN—bOEHELE
1) HHmEmnE
by MO E RITT & TRISN DA 4 FEA R L, 7 L7 —A 07— & FEyHl
EL7z. BBHEIX, PYAEMASLCOBRICHER T2 —F 7, v—F o 7 LR U#
MCEEOM 7o — R LA F7r—Red2), V7 MREAGWT RL—7MomniTr o
TJL—", Ux v hRAN— FOEHE L TEMEHEIN, TX0HEREWEINDSF
27 TEM UTXa7T7E35) & L. HOBIZA D — FORIZH OIS THIZEL,

3B DICRE L., M 4 DO~ A 7 u A a—T g A 2-8, #cak 2-1 12

R

L X 720:X100

Sheeting

- % o w

4 Wi

M aoxiog | ommoom |

"
|

Satin crepe Cupro
Fig.2-8 Microscope images of 4 kinds of fabrics
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Table 2-1 Basic fabric information

Fabric = Component fiber Weave Thickness Weave density Weight Direction of twist

warp weft fabric skirt

(%) (mm) (fem) (om) (@) warp weft
Sheeting Cotton 100%  Plain 0.25 30 30 111 142.10 z Z
Broad Coftton 100%  Plain 0.24 60 30 125 165.03 Z Z
Satin crepe  Polyester 100%  Satin 0.20 110 40 87 115.92 — ZZ SS
Cupro Cupra 100%  Twill 0.17 70 40 112 144.05 S —

2) HEL

L L TWeWsr—F 7L, BEATWOHIO X ZREZE LIWHFRICHFETH#RD
BROEHRZBELT-OL, BAEHZYTRADL, HTRE XL ZADZEMNEAIZRD
FoxF—rT7 4y (RFa—bTA0y) TELEEZ CULT 7 v a VHIE,
B 1Y) (TS LovERER - TS LV ERR ). T A v U ORI 1607170°COHRE
WCRE L. 7 r— RIIMRARE L T8, KEBATDRE CHtthZ LI L FERR v b
WA, KEES RO FIZOT T, TBRIKPMRAIAVTEDRES KK A &0, BEEH
Ty MIAITZE EBAKEET 16 BREBUK. AR E OIREET 180 190°COHEIRTY A 1
BT, BT =T X a7 T1E, TAurOiREES 120 130 COKIRIZEE L,
HNDES BT A v T Te. TA vy 20T AT T X CRT T —BEW DB

WrL7=.

3) & M
WL, HOBROTNER/NRICINA D2, —HAMIC KL L, it EICAD—

N 25T ORM LT, BN Z, X2-917R-7. FicTnaztEredvn, 570710
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— 7L X2 TTNL, BOER, MO I = AaiE, Mo B 2@ L 7oA & Ht
iz il 2 D & 91 LT FEBEFTIRD O, A E RN D ITHEE LT bEE L7,
=FrrETm—RNE, #oORAZ@L, @EmEE L. ERHAOK, HIoTE, M
PEDR =N TG b, M, TR MEOFENMUT Temd U, #RIZHDE B2V IS

FlZz-2lF7-.

-

Fig.2-9 Flare skirt cut drawing

4) f& =
FHEIE 3 cmlfd] 9 B CHLO) ITBOE, ol LREV B ORERIC &7z > T, A ONHE
HLRNWEIEEL, MOWRET A nrThHlo7e, VX FOA A UL M I R

[ZDEIANZT v FTEDOT, HEIHk ERVREZEHE 0z L.

5 A &
EEMHTHOSUEAX — RARTF 4 75 (¥ 2-10) LR S 20 ® Brother Nouvelle
Couture 2. FMEHD IR E I UEHIHOWT, —F 7 L7 — Ki, FUJIX

KING FIT AR Y =271 100% D%, KT, ORGAN T3] DBX1 #11 o#taf#HHL, ¥
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FUoOL—Fe X2 7TNE, RIVZATAINIMEO 7 7 A4 7 =7 (WHEME %
FAWTZ3 52> Tl K THRVW FUJIX fine AN U =270 100% D%, KT8, ORGAN T2 DB

X1 #HP DALk A — N— D2 L7z,

Fig.2-10 BUNKA type nude body No. 7 used
Body size (B=83.5cm  W=61.5cm H=90.0cm)

6) HERDERNIRE & REEHE
2 Jp— NEUWEREOSENEREE L, SEKIR 21°C  SEHREE 40%. 21T, 24 HeRi &
3HMRICUEI X — RART 4 7T HIFESET, TUVXNIATE |y ML

Ti1-o7=.
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2.2.3

1) hitoto & UF CREACOMPOI [Tk %

chitoto i LAV Ialb—T g

=ERuREEEV I L—

n

<BEFEON—F X VRT 4 B ER S COFEHTHAT 4« 9256 >

BEFON—=F % VART 4, ACS LT 4 A (By hAV) %, ERX—RKRT 4 7

o (EYEUELIZ A — FOFEMIART 1) LRVA XERSED. B A X

1%, XA F=87cm% 83.5cm, VA h=61cn% 61l.5cm, £ 7=91 cm% 90 cm, #E[A]

W =91cm% 0 cm& L7-. 2-11 1Z/R7.

RS

)

(Bfiem) | NRb | DTRb| EvT | @AY
ACS LT4R
Bk A) 87 61 91 91

Fig.2-11 Deformation of virtual body for simulation
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« CREACOMPOIIIZ LB R = b—v g

<HTAAER LIz _R—F % VAR T 4 5T HART 4 £ 256>

EYO A X— RRT 4 7T 5%, ZIRTNEFHIS AT A BT 4 T4 A% %
F— (EAR b= 2fl) TRAF¥ ¥ LT, obj T—HIZEH 5. Fh%, CREACOMPO

MIZE D AR, LR X — RART 4 T BEONR—=F ¥ )VRT 4 ZEK L2, X 2-12 (TR

ER

(B {sZcm) INAR | HTIRMN| BEYT 53X FESC
m@\gg:'" 835 61.5 920 36 19
R"T415

Fig.2-12 Virtualization of BUNKA type nude body No. 7
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2) ADfit viewlTkd¥zal—ay

YIalb—vauid, 3Dfit view B LE, B—x A - T4 — AT AHASHIC
R L7z, #hlF, BlREY, AW EORHO )R E s, toE s, KUY, HfTE
SN OO DALY =) OEER EDT — X b NF— T =R T I 2
L—ya U EFAT LI, BT 1%, RSt e Uiz 20 (RO E AR O AMEE T L%l
. BT 4 A XENEET VG E, K2-13 18T, 2OV 7 hUZTOF—H_—2A
13, RMOLTHEMIEH S ATV, 5T, YIab—vasid, 7u—Fe¥r

VI L= %G LT,

RT4 YA X (XR—FTK)
L@ (AR (B firem)
i HAX
JIXk 61.5
ey 90
KB&EH 54
DIXARRDEFE 97
EvTRDES 78.5
=IO 71

Fig.2-13 Body size and virtual body of 3D fit view
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2.3 RBRRUER
2.3.1 MENFZ—DEFRERNZ— EDHER

BT XLV =RIE CAD \ZIE, N—F ¥ MEENTZART 4 2 RIERET DHENH Y, =
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Fig.2-14 Completed the three- dimensional pattern and the prototype of
BUNKA formula(Upper body)

Fig.2-15 Completed the three- dimensional pattern and the prototype of
BUNKA formula(Lower body)
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Fig.2-16 Toile check of three-dimensional pattern by peeling the surface of the virtual body
(Upper body)

Fig.2-17 Toile check of planar pattern by using the prototype of Bunka formula(Upper body)
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Fig.2-18 Toile check of three-dimensional pattern by peeling the surface of the virtual body
(Lower body)

Fig.2-19 Toile check of planar pattern by using the prototype of Bunka formula (Lower body)
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2.3.2 N—Fx)LEYTILEDLLE

hitoto &TF, CREACOMPOII D X = L— 3 NZBWTIE, HAHOHART 1 %2, BEGFO
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Fig.2-20 3D simulation by Hitoto (Sheeting)
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Fig.2-22 Real skirt wearing image (Sheeting)
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Fig.2-23  Hemline shape in cross section by 3D simulation (Sheeting)

Left is Hitoto / Right is CREACOMPO II

Fig.2-24 Hemline shape in cross section of real skirt (Sheeting)
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Fig.2-26 Real skirt wearing image (Broad)
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| II[\\ I

{4 i il

Fig.2-27 3D simulation by 3D fit view (Satincrepe)

Fig.2-28 Real skirt wearing image (Satincrepe)

57



Fig.2-29 Hemline shape in cross section of 3D simulation by 3D fit view
Left is Broad / Right is Satincrepe

Fig.2-30 Hemline shape in cross section of real skirt
Left is Broad / Right is Satincrepe
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3.1 #

il

BT /S LV ZIROE CAD 3 RIRIT S Je LA, KRGO 2h={b & KR FE -+ PHES | DT
NS, (HFPlus” 77 v v a VY EVRAT I =AY v —F V) Z O
TSV ZIRTE CAD WCITARE RS R 2 L— a VEEREDS B 0, R EF CTOTE AT A
HLOO, KIRFFHIFTIEAIEELE o LIEE 220, FHL 2%, YIalb—vare
EWEUE L A LR, T2 2 b—3 a2 V TIEEBROREMIES detail 72 EOMN 2T
PA URBUTIIE T, | EIRRTRY, /-, KEDL L, TRL—70FEIZV T
UT 4 —WNTh. | 2 EOMBERZERL TS, RIFETHE ZE T, MHOFENT
2 b=y g VIR ENTNRNWE L 2l Lz,

TRUVOKIRERFICHEE S50, MUV (—F U 7 EERHLTRHL LIZET
V) L EMEUWE BEEMEER LY L) LOXYy v IS ThD. Bk, ZhbOEE
T RE T — ORI EICEASND L ZADNKEL, Xy v 2 THIL TRE—ERET
T 5L 08KE « FIRTREHSL L Q0. B itz EH LZBIcBs Ty, hIAo
KRFGRERFF L3S, B A A=V 2T 2 L2 HBUATRE & T 5 Bl2iE, Fbhs
ML E OBRICEIT 2 mANRD BN D, 2O ETREAIOBIECY AT A~DELY
ABIFREL 725

AKETIE, FPUICKBELREROFMEZ, HELENIRTHL LTS e 77107 —
AN — N EBICEDY EFRETI L. ZRETOT LT —2 b — M D%, 71T —
DRL—=7M FBE5 Y) CREFS ) RREEIEICET 2078 (R 9) (HFEL ), =
y MER GEoY) G2 19), Rotwrxy Sofilt (R W, 19) ) RERIVER OHfIE
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WTCEHII L (Wm. Kirk, Jr., and S. M. ITbrahim'® )  (K¥ 1) | Z O L A6 S F R

& DR Z REE L 7C.

3.2 WIRAZE
3.2.1 HMfm (47E)

AEHIE, B2 ED 17 V7 =20 — hOFERRE] CHERLE, v—F 7, 7r—FR,
VT V—T, XFa IO AR L, fAMOERIX, TONFRENEEE KT T EE
R HID A, JIFRHMEOEER TH DIMERLRL & ik DO R0 D 4 T2 ZIN. OB OFE T3S
2 EOR 2-1 |TRT. A — NOBHBEER EAMHO S)FRE L ORBRREL RS 5 512,
KES-FB & WEHHIT A7 & (BLFKES &3°5%) 2 LT, BRICEEL RKIFT & TS
%, BIERVHOEE (Tensile strain, AN EMT &WET), W AMHIE (Shear rigidity, AT G
EWET), dhFHIE (Bending rigidity, AT B &W§9), “FHIEEEMREL (Average frictional
coefficient, LAN MIU &W&97) D 4 THH ZHIE L7z, i, W50 NS & 5275 wp (387 1) (warp)

Z, owi I3k A W (weft) 27, FEEA2F 31, £ 3-2 187

Table 3-1 Mechanical characteristics of fabrics Table 3-2 Mechanical characteristics of fabrics
measured by KES (warp and weft direction) measured by KES (right and left bias direction)
Tensile Shearing  Bending Surface Tensile Bending
Fabric Direction Fabric Direction
EMT(%) G(N/m/deg) B(cNm/m) MIU EMT(%) B(cNm/m)
Sheeting warp 0.80 3.557 0.1423 0.137 Sheeting  rightbias  1.17 0.0824
weft 1.68 3.423 0.0393 0.121 left bias 1.24 0.0819
Broad warp 1.14 5.520 0.1557 0.101 Broad rightbias  1.93 0.0740
weft 1.99 5.310 0.0363 0.100 left bias 1.98 0.0708
Satin crepe warp 0.68 0.265 0.0464 0.087 Satin crepe  right bias 1.43 0.0205
weft 3.54 0.230 0.0131 0.192 left bias 1.48 0.0190
Cupro warp 0.60 2.610 0.0728 0.068 Cupro right bias  0.87 0.0406
weft 0.98 2.410 0.0535 0.142 left bias 0.86 0.0404
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KEhoT-.
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3.2.2 EHRIZAE

1) EHRIER - SHAIRDRE

A — N OHAEEFEFHIT 5 AICERE LR E X 3-1 1T, 72 TR MmO FHIRR
(LATFHIE2) 3R T08t (Front/Back Center Line BAT FC/BC & M) ZEA i
(Left/Right Side Line LA F FR33° ,BR33° /FL33° ,BL33° L W&) /245 v [
(Left/Right Center Line LA'F FR16.5° ,BR16.5° /FL16.5° ,BL16.5° LW&d) & L7-.
BL, #¥OEOEBEZR/NRET D720, POBRIE 2.5 enfi FEICERGE, BH#RiE 5 ey
MNCRRE Lz, K2 HmoOFHE (LT ET5) 1, HLAZFEECLTETNFETIC 10
OALiE (B 1BH, 2BH) &, ~A0bHTIZ3an ko7 (4 BER) &, ZOHH
frifE (3 BxH) ICRE L7e. gHlEIE, AW — 4B (1 BH, 2 BB, 3EH, 4EH)

L&%] ( R33° ,R16.5° ,C ,L16.5° ,133° ) DATH 40 L L7,

Fig.3-1 Measurement lines and the position of stamps
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2) FHRIAE

ENLOFHANCIE, 727C, £ 2, RO A - 72 BEAE 20 mOFHIA MR A # 7 (¥
3-2) ZHUE. ENT, BWIFOELRETITY), A T ORLEFIEE, £, A
Z T DT M EAMMO T2 THO B Z IEfICEDE DI, AZ U TORE SITED
BT, "F—rOMEIELZ < VikE, NZ—r RIZE LIENERRIZE O CTHEEES M
FIL7z (K3-3). Z R, FIREOBAFIEODIZ, Mk, HEEICEn-mg A2 o
TREHEN Ul BIELEERA AN — ME, =BT onvT—Iicmad L, Eili20+21C,
FHXHEEE 65 5% OTEIRIEIRSENICHE LTz, 24 REERGE®% & 2 HERaE g, Ui —
RART 4 7 BICEESE, ERERENT, ZFOWLNENLEFTORIEZA T Y —T
FHI, ZORE, ZAAMOFHINCET, #EOEREE L. 2 ERREEICE, ERREHIIC
Nz T, Ah— NORETER, b, fHILZFHIHOLT - X2 - AR - 2Rl Ol

BETVHNLXATEHULE (K3-2) .

Fig.3-2 Stamp used and scenery for measurement
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Fig.3-3 Cut drawing

3) AN—FDEH - EXFRALELEDHETE

AEIOFHAIE, AZ 7Oz T &AMt THo B 2 &b T L 722y, FHH
Mo7eT, L2, #BOGROFHED, 4L AESTMOZRELZL TR, T2
T, LR BT, BSRIT LR ITIAIORHIMEZ € O £ EATTM - BRTTEORR &
LR L7, 2SO 7= Tt EoFHifE s LTiE, M 3-41rTEh, ZRL
7RI 2 R, R L7ciE A 7 2 G M OFHIEZ Kl a, ZH EEAZT DIEANA
TAGEOFIMEZE# b & L7eEH &AL, (XK, ZofHo12° L 28.5° 7

DR % R, Tk 33° & Hf#R 16.5° DOE S 1A K ONE A 7 A O FHHIfE & L7z,

r2 r2

?c0520+Fsin2¢9=1 ----- 1)

r= : )
a120052 6+ blzsin2 6

Fig.3-4 Calculation of strain in gravity / orthogonal directions from
original measurement of strain through ellipsis function
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3.2.3 SAE
SINTIE, A A B — RO ES I R ONEAS S M OHEEE R 2 G, SeatiEr Y 7 b o
7 TBM SPSS Statistics Zffifl L Cfro7z.
1) Aitth, B, F0> 3 BRI ALK, ZAbEE BREE L 32 =i E OS2 1T\,
BEMOESLNTZ HDIZOWTIE, Bonferroni JEIC & 5L HIEA1T > 7-.
2) BATHIDOEBALHIZEA R & D), BDG, 515R Y O EMTwp, & AU Gwp, i
PE Bwp, PHAIEE A% MTUwp, i 5 & OB OB EZ BBl - SRR DA B2 it

L.

ERE D, 2WTFROEEY, MatiAEKEI%UTLE L

3.3 & B
3.3.1 AA—hFBRIREDEL

X 3-5 |C 2 BEFEFGEBLE DA D — MEIR SOZELERT. —F 2 PS5 FITIFEA LS
A, BT FC, BC TIFEY) 0.54%, A OMREV B#R L R33° L33° TIXFEH 0. 28%, B
B AL E OFRAIZHZD FRI6.5° & BR16.5° ,FL16.5° & BL16.5° TiX
0. 31%fE LT /. 7' m— RIX FC, BC T 0. 33%AfE, R33° & FR16.5° ,BR16.5° KON
BL16.5° T 0. 14% EEMNICHE, 133° TRENRO LNR-oT=. ZOMHEICE L
T, AW SRR T OICIEFREVNERH 5%, ORI DR ERELOND. £
7z, B TRERPO EFINTRHCR W T, 72CHIAL, L ZHENSTRWVIE DD D, Zas
MERTETKSEEZATIMELIZZ EBERE LTEXLND (BS). LaL, Wind
BT, v—F 7T n— RO~LT A VOB ER TIZbr bRy, —F, %
7> 7 L—73% R33° 1337 THH 4.76% LFE LKL, FR16.5° & BR16.5° ,FL16.5°
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& BL16.5° ¥ 2. 15% R L T /e, Akt LT FC, BC TIEFH 0. T0%UXE L TH Y,
ANATA UL, PSR TEARR TR -TRETH L Z E N ERMKZ. £, 27
FHH T =T R0, BB NTH LN, FkOELEZ 7R L, R33°7 1337 T 2.53%
flifS L, FR16.5° & BR16.5° ,FL16.5° & BL16.5° THFH 1. 06% & LT\, Zhioxt
L CFC,BCIZ I 0. T3%IAE L Ch v, 77 L—T LIS, ~A T4 O&ix, F

DNZHANTEAR PR TR TREETH D Z &2 B HRT.

@ Sheeting
a B Broad
= )
gl' BSatn  ciepe
]
= 3 E Cupro
= E
<, <_ Front> < Back>
[
=]
w 1
i
o]
~ 0 TE E o
3 8 38
1 .g{_'.) ._\'\'_‘l' \' \\"Cl' \v?
;"ﬂ‘ Y,\'
Column

Fig.3-5 Change of the skirt length in each column after 2 weeks hanging
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3.3.2 RA—h+DFBFRER

2 WRERGIER D A T — A RSB T DRHAIM OZE bHEE LTz, B M ONE RS

DAL 22 3-3 (a) ~F 3-6 (D) (T~ FABIZ LR 2 I, Al - B - 51 & ZEX]

T A ST BOSESNT 2IT o TR, £ 3-T() 2 E3-TO I RTHEY, WTHOEKE

fERER 1%UTOREZEZR L. £ZT, HFERICHOVWTEZEHKREZITo MR EZX 3-6

~[X 3-8 |T/RT.

Table 3-3(a) Local strain at each measuring point on the
front skirt in gravity / orthogonal directions (Sheeting)

Table 3-3(b) Local strain at each measuring point on the
back skirt in gravity / orthogonal directions (Sheeting)

Gravity The rate of change(%) Gravity The rate of change(%)
Direction  FR33° FR16.5° FC  FL16.5° FL33° Direction  BL33° BL16.5° BC BRI16.5° BR33°
1st row 060 -126 -035 -1.03  0.64 1st row -1.10 035 072 -084 039
2nd row 048  -092 -0.03 -0.60 0.4 2nd row 010 -0.62 -0.10 -0.82 062
3rd row 013 -072 -050 -0.71  -0.30 3rd row 042 041 -0.10  0.09 0.06
4th row 096 035 -030 -0.77 -0.42 4th row 068 046 050 -055 -0.63
Orthogonal The rate of change(%) Orthogonal The rate of change(%)
Direction  FR33° FRI16.5° FC  FL16.5° FL33° Direction  BL33° BL16.5° BC BRI6.5° BR33°
Ist row -1.94 -1.54 -0.93 -1.98 -4.00 Ist row -1.33 -1.67 -1.15 -2.02 -3.14
2nd row -2.61 -1.24 -1.55 -1.58 -3.42 2nd row -2.05 -1.74 -0.58 -2.05 -3.23
3rd row -0.34 -0.80 -0.67 -1.11 -1.97 3rd row -0.31 -0.68 -0.32 -0.54 -2.05
4th row -0.90 -1.08 -1.02 -0.95 -1.50 4th row -1.46 -0.98 -0.75 -0.69 -1.46

Table 3-4(a) Local strain at each measuring point on the
front skirt in gravity / orthogonal directions (Broad)

Table 3-4(b) Local strain at each measuring point on the
back skirt in gravity / orthogonal directions (Broad)

Gravity The rate of change(%) Gravity The rate of change(%)
Direction FR33° FRI16.5° FC FL16.5° FL33° Direction BL33° BL16.5° BC BRI16.5° BR33°
st row 1.60 -1.42 -0.32 -0.59 141 Ist row 1.86 -0.76 0.47 -0.56 0.71
2nd row 0.54 0.12 -0.23 -0.23 -1.68 2nd row 0.68 -0.45 0.15 -0.92 0.53
3rd row 1.08 0.11 0.15 -1.57 -0.10 3rd row 0.83 0.23 -0.10 -0.22 -0.07
4th row -0.74 -1.05 0.23 -0.72 -1.17 4th row -0.27 -0.39 -0.12 -1.16 -0.81
Orthogonal The rate of change(%) Orthogonal The rate of change(%)
Direction FR33° FR16.5° FC FL16.5° FL33° Direction BL33° BL16.5° BC BRI6.5° BR33°
Ist row -2.81 -1.12 -0.93 -2.03 -3.88 Ist row -2.22 -1.28 -0.32 -1.76 -2.36
2nd row -2.51 -0.34 -1.13 -1.26 -0.84 2nd row -2.03 -0.84 -0.50 -1.47 -3.24
3rd row -0.14 -0.38 -0.32 -1.65 -1.96 3rd row -0.73 -0.53 -0.35 -0.88 -0.57
4th row -1.18 -0.96 -0.15 -0.90 -1.20 4th row -0.77 -0.50 -0.80 -1.43 -1.23

71



Table 3-5(a) Local strain at each measuring point on the
front skirt in gravity / orthogonal directions (Satin crepe)

Table 3-5(b) Local strain at each measuring point on the
back skirt in gravity / orthogonal directions (Satin crepe)

Gravity The rate of change(%) Gravity The rate of change(%o)
Direction  FR33° FRI16.5° FC  FL16.5° FL33° Direction = BL33° BL16.5° BC BRI6.5° BR33°
st row 0.47 2.40 1.48 0.73 0.56 1st row 1.01 3.50 0.88 1.66 -1.06
2nd row 9.68 315 0.92 3.59 3.93 2nd row 8.71 2.34 -0.37 3.51 6.57
3rd row 5.87 4.18 1.15 1.02 5.79 3rd row 6.91 2.94 0.38 0.29 6.13
4th row 0.37 1.19 0.05 -0.42 -2.49 4th row 5.36 0.02 -0.58 0.33 -2.32
Orthogonal The rate of change(%) The rate of change(%)
Direction  FR33° FRI16.5° FC  FL16.5° FL33° Orthogonal BL33° BL16.5° BC BR16.5° BR33°
st row 0.74 -4.01 -0.15 -2.22 0.51 1st row -1.00 -3.57 -0.72 -2.63 1.92
2ndrow  -11.52  -3.69 -1.45 -5.05 -3.72 2nd row -9.48 -3.81 -0.85 -3.33 -8.76
3rd row -4.33 -3.83 -2.15 -2.10 -4.97 3rd row -4.23 -2.75 -2.38 -1.81 -2.27
4th row -1.03 -0.71 -1.18 0.10 -1.83 4th row -0.74 -0.67 -1.50 -0.08 0.71

Table 3-6(a) Local strain at each measuring point on the
front skirt in gravity / orthogonal directions (Cupro)

Table 3-6(b) Local strain at each measuring point on the
back skirt in aravity / orthoaonal directions (Cupro)

Gravity The rate of change(%) Gravity The rate of change(%)

Direction ~ FR33° FRI16.5° FC  FL16.5° FL33° Direction  BL33° BL16.5° BC BRI16.5° BR33°
st row 0.68 -1.44 0.40 -0.31 1.57 Ist row 1.87 1.96 -0.90 0.23 3.15
2nd row 5.39 1.99 -0.05 1.32 4.28 2nd row 4.38 4.14 0.20 1.24 3.46
3rd row 3.59 2.09 0.15 0.81 2.96 3rd row 2.49 1.23 -0.05 2.15 4.47
4th row 5.49 0.63 0.00 -1.37 -1.60 4th row 0.06 1.03 0.20 0.45 0.03

Orthogonal The rate of change(%) Orthogonal The rate of change(%)

Direction FR33° FR16.5° FC FL16.5° FL33° Direction BL33° BL16.5° BC BRI16.5° BR33°
Ist row -2.22 -0.71 -0.50 -2.90 -3.44 Ist row -2.94 -1.73 0.25 -1.68 -3.81
2nd row -8.27 -4.77 -2.25 -5.20 -8.07 2nd row -7.94 1.16 0.80 -3.29 -5.21
3rd row -2.20 -0.14 0.45 -1.90 -3.28 3rd row -1.96 0.57 0.00 -2.65 -3.14
4th row -2.80 -0.05 -0.90 -0.46 -1.31 4th row 0.25 0.98 0.10 -0.15 -0.57

72



Table 3-7(a) Result of 3-way ANOVA (Gravity direction) test

Type||[Sum Degree of  Mean Significance

Sauce of squares freedom square F-measure probability
Fabric 8.629 3 2.876 30.840 .000
Row 3.858 3 1.286 13.788 .000
Column  2.482 3 872 8.872 .000

Table 3-7(b) Result of 3-way ANOVA (Orthogonal direction) test

Type||[Sum Degree of  Mean Significance

Sauce of squares freedom square F-measure probability
Fabric 1.753 3 584 5.277 002
Row 6.033 3 2.011 18.156 .000
Column  1.445 3 482 4.348 006
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Fig.3-6 Multiple comparisons among fabrics
(Upper: gravity direction, Lower: orthogonal direction)
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Fig.3-7 Multiple comparisons among rows
(Upper: gravity direction, Lower: orthogonal direction)
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3) FnEE
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Fig.3-8 Multiple comparisons among columns
(Upper: gravity direction, Lower: orthogonal direction)
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3.3.3 RAN—FDBFERENERHELDOBER
1) RAA— FEEDOELAIZEILE & Mo h%F4E & DOFEE
# 3-8, Hiith A B — N Be D E T H7 1A K ONELAZ 7 [0 O ERAL RIS & A oD 77 ReE,
B, SRy, AW, iy, R, FEEs OMEREEZ =T, AT — D 2K&H -
3 BERICRIT D ENFMOEERITONTIE, TXTOHFRMEL OMIZ, AERADH
ErRO O, £, 2BH -3 BRBICBIT DEZTMOERICTONTS, T3TDH
FHRHEE O, AEREOHBANEO b, 1 BBEIZEAF BN, i & ofH

DFHEIFRELDS r=0. 420, FmEEEE & O OFEBHRED r=0. 459 T, ZNEIERE 5%, 1%

NN

DAHEZRADOHEZ R L, BT R TREDZEREORBITRBO Snpipote. 4 BRI

<

B8 R ONEAZTT 10 TR D BT b e - Tz,

Table 3-8 Correlation coefficients for local strain on each row and mechanical characteristics
of fabrics(Upper: gravity direction, Lower: orthogonal direction)

Shearing Bending

Gravity Row Tensile G Bwp Surface =~ Weight
direction EMTwp(%) (N/m/deg)  (cNm/m) (MIUwp) (z/m?)
Ist -.224 -.308 -.420%* - 459%* -.256

Rate of 2nd -.602%* - 755%* -.819%* - 587%* -.690%*

change 3rd -.546%* - 718%* -.783%* - 573%* -.662%*
4th -.305 -.262 -.320 -.279 -.197

Orthogonal Row Tensile Shgf;ng Be];il;,ng Surface =~ Weight
direction EMTwp(%) (N/m/deg)  (cNm/m) (MIUwp) (z/m?)
Ist -.057 -.233 -.183 -.027 =277

Rate of 2nd S51%* B615%* 665%* A64%* S45%*
change 3rd A52%* HTF* 667F* 384%* 660%*
4th -.275 -.288 -.362% -.341 -.231

*P<0.05 **P<0.01
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2) AH— FBIIDOERALAIZEILE & it HERFE & DOIERE

# 3-9 |2, Hiith A J1— &I DE S 7510 K ONEAS 5 10 D ERALHIZEA VR & A H o> J7 5 e i,
BIAEY , HAWE, whif, REEEEE, FHEEE OMBREE R, BigAD— MBI DES
FIRIOHD BIZITANA T AEIENA T ARH Y, £ T A, BiAH— Tk R3S
L RIB.5 , AL — M TIEL3 & L16.5° L7320, /5L 7 AU, BiA S — FTIEL33°
& L16.5° %A — FNTIER33 & RI16.5° &L7pd%, #FI0HOHHHME—72 Ol
LEREDE oI L. EAFMICET 285N OEBE L TRtk & OB, £ A7
AJ51AD FL33® & BR33” DWMEAFRS, T XTOHFHE S OMICHERADHEBEN
OB FCHIFICEA LT, 7XTOINIIBNT 1%KHET, M & REELIC
HE WA b, BEARF MW TIL, /31 7 25O FR33° & BL33” THh
i, FR16.5° & BL16.5° TYAM, #hiF, VHEICAELREOMHBNGED GNIZH, i

PIAMI 54 & OFICHHBIIERR D B e o 7.

Table 3-9 Correlation coefficients for local strain on each column and mechanical characteristics of fabrics

(Upper: gravity direction, Lower: orthogonal direction)

(.}rav.ity Column Tensile Shgif;ng Be};ﬁ;ng Surface =~ Weight
direction EMTwp(%) (N/m/deg)  (cNm/m) (MIUwp) (z/m?)

FR33” BL33°  -416* -.582%*% - 662%F - 537%% L 535%E

Rate of  FR16.5°BL16.5° -.555%%  _702%%  _777%*%  _588%*  .636%*

change  FL16.5°BR16.5° -.514%*%  _645%%  _688%*  _474%%  _ 594
FL33°BR33’ -.394% -.383% - 451%% -.360% -.310

Orthogonal Tensile Shearing  Bending Surface =~ Weight
direction Column EMTwp(%) WP Bwp (MIUwp)  (¢/m?)

(N/m/deg)  (cNm/m) =

FR33"° BL33° 302 346 401%* 330 299

Rate of  FR16.5°BL16.5° 199 A96%* 375% 010 ST72%*
change  FL16.5°BR16.5°  .266 257 321 297 201
FL33" BR33° 222 .080 133 123 012

78

*P<0.05 **P<0.01



3.4 £ &

ARFZED A 72 BT, (ARE S S 2 b— a v E WA — AEEDRE % BT,
ZHUCET B & OB Ik E BIEET b O TH D, AT, TOH—HL LT, S
FRED R D A RO E AW F—RF = D7 LT — 2 — bERYWEL, TOAEIC
K DWUNER TN, 72T K2 - RIOFMTIRR, ZOREE &AM 7Rt L
DRI G, NF—EEOHBICIT T — 2 2G5 2 A HE LTS,

FRE T THIOB & L7 V7 —2 71— ~ O H BT = el B Bt OfE R, Aith
IZEoT, FERESHMEDEILIEEICL-T, BIZ7 L7 —OAE R ESEI LTSI X
ST, WTNLbARIZERD LW RRP GO

A OET, ABOFTTIEY T 7 L—TOHENKRH KT, RICX=2TTBE, v
—F 7T ua—RNIED>ThHo7. ZOMHMRBOZED, SROFEBECMEMRIC LI b D LE
2D, v—F 7T a— REARROVR, —FH, DT r—T X a T TFE
BIZT 4 T A NRT, EEN, k& D REEED D7, SRELOBEEOREN /NS
KRR THD A, MO2FE LB L TRESMRLEBDLEEZLND.

KED 9%, AH—FL60mDEMY—F 2T —2Ah— hEEYEL, AH— b EHE
FICOWTHRFALTWD., ZORRERL L, VA R D 20 cmi 72530 ) ORI K b
KT, LAKE 30 cn D CIEREHE LTV D L #E LT D, AFRICEW TS, EAHMICIE
R, A I ITIHED B H 4L, TE OB D, HREOKRRDHZIEEHEN KT,
FEAHATIE2 BEHTRROERZ R L. KESYOE9 20 mBX7240 L%, HL71D
M UTRRS BT, T OMITAIEE —FH LTV D, L LATENZA S — R3AS 80 em & X2
KRBV, BERORENIEH £ TR, 20~30enDMidfH b AN E LWEFTE /e o7z,
ZHUE, AH—MHARHOBREICL D bDEZEZOND. AN— MEHOERILZFE L
FER, TBEHLLT2Y 95%, 2 BRHLLT28 78.5%, 3 BRHLL TN 48%, 4 BEHLL T2 6% & 78 -
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7. 20— FOABREITIBERICODNLEEDEORTH LN, BT 4 ITEELSETLE, 1
BeH Tl filhe RT ¢ & ORI Ko TAU DEROFPELZITC, HEAENMHISHh
AR END. £, 4 BBHOERBDRNT E1E, ZRLUTICH ) DA O E AR A
INENWZ LICR D EBERLND. | BEHOE) G TG & RimEE L ORICH BRADH
RO B2 L1, fTHEIME & OSEE BRI O/ N S WO T W EE 2 5. L
FORROIGHELTE, VZARIPELHASELETOYIFVLORSERRETHTLT
— AN — MIBWTE, Ah— FMIWEL 251, BEOZEIIREN LY, B bED
LD T ENRBE I

AT — MEFNOR &1, Ml 24 it & 2 BB OBEROZETHEET L &, v—F v 7
—0.09%, #~7 2 —K—=0.03%, T2 1 —70.22%, ¥=2770.22% LD THDHZ &
o, HEABITELELCEENDHES>TND EEXLND. FIBNTERIZE LR L 7D
L, FRETZTHIO B & LESGE, oo laa o<, b, LhApoE T moH

DHEMPIEAA T ATEL 2258, EAHFMOMERNE 2D, EATT TIRILHER 2 E <

Eﬂ

ol bz ehnn, 7V 7 —A0— bOEMIIERREE LTX, 7 L7 —0&Icf
IMMOMDO BENLEBET HVLEDOH L Z EPRBINTC. 22T, FHOEFMOE
bR & TR L OFBEE R D &, b EGOPSIC DT D54 /314 7 A 510 FR16.5° &
BL16.5 ° /e NA 7 AJ5[H FL16.5° & BR16.5° OZ{LRICEIT D, B & AMOMHBEINE
WZ LR DIND. BN RTH LM OA /34 7 2 J518 FR33° & BL33° ZEA T 2J5
] FL33° & BR33° LV HMHEAREV. ZOHbE LTE, #OEMNERLTHDO TRk
WNEHEZR I NS, REVE DIV R33T & L33° TUX, #EWVEIC L o THHIO i E 3 B &
NDHDITHL, HEOANRNT U —22EFTTHDH R16.5° & L16.5° TiE, K0 Ikt s
DN A b L— MIENTZOTIERWNEE XD, ARO@Y, B J5m Kk OER T

BUIDHHT 7 L—TDEAEBOMERIIIENZBO LN, L3, T ATFHOMERD TN
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KThol. FIOLELEETH, BAFENCEITH4L4 7 AFROMEX, fisAT AT
MOMELVRTHoT. ELENAFANCKITHEE L, T XTON)FFREE OFEED &
MoT-D Y FNA T ASHETH T, # 3-21R"TF KES D34 7 A5 A5I5EY EMT OfE% R
T, ANATADIEIN, ENTHLIPREMEMES, MORLT W LavREn. Lk
DI EME, FRCERENEE ChH-2YT 7 L—7I2B\W L, MWEZAT, £h
DAL T AMOHRERFEEE S ZLI2Eko>T, MEEOEmWVEI NHENE D ~, Bk
HAEN S WO BREZSI R TN TllEnG. B L, [ZLT7—2h—o
WL, AT 2HH LD LEWEEBEAZ NS DY 5%, MREAETIE21E, &ERT
I =y ERBAMNETHD. | LEo TS, AT 2 HARTE F S0, fEC A
THNCHIX L 20T 720, Loz i S 20, 7v 77— — FORHITE T L
RWEE D ZETEN, ENERB LD TNTH, & KR EFOBRIZ W TIE, &
BaTHILCHLT D) K0, fReEL TR STEERIZH LTI NOHREINZ
L2 EDHN—RHITH D%, TEEDRIILED>TWRNENIDREETHS.

AHIDOEIEIZOWNT, FERS 0%, DRA RIS D TE S 7ok 1 335 8 O i
B o T, BERA TN BRI E RS 2 L BRE RO 2T, AP THMERED
REMEPROBEETHD. ] L TWD. TR DT ot AW ) T ABETR S
5.1 LT, FERS VIE O OEAMER IR A IR L, MG LR I
P ZORFHEHBFF LTS, iz, KES Y b, MIEEEY Iab—va vy
TR D LN O ARD HIY & U THERET 2 41213, At /A 7 2 S5 OO
H, KRR OEIULAFE R P2 ERE L TS BER DD, | LIl TWD K951z, Bkov
Ralb—vary V7 FoOfEEAZT T, BERE ) T CHET HICEL RN ERD
B fa, i, HBRERETIFAZANADOT I 2 b—a ATBWTE, SBAA—T 30T
vy 7 BN, WREAEDTNDS, RAICESRoTETWDHD0, MMDRHE L KIRIE
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RE L DBRMEIZOWTIE, EREHIMECEWT, EYRYE (U 7L) L oRIZITRZY 26
5. HEMAZEDLIE, EREUROTEFIC L2 ZEROTFRINE VT MGEER &b BB L 72
D05, ZAUTIIAMMOFN 4 T TIIFED TIERWV. A%, S50 7 VEOHEMAHR

HTH 5.

3.5 # &

V—=Fr7, Ta—R, BTFrr =7, a7 4 FoOAMAERWT, AH— kL 80
DT TVT = — b aREL, 2BF FERERO A — M, BIIOARH 40 A
(2B 5 BEEB A2 FH L. FHINCIZFIREEZ Vv, B 20 mm OPNE#R 72T L 2 -
ROOFHANMEZ & &1, FHXEZHWT, BEHHFRAOCERTMOE(REZHEL, vk
Ebtg e Lic, ELDRIILLTO®Y TH 5.

(1) E\EHHWTIEME, EAT7m TIEUE L7z,

(2) FNLHIEALRIZOWT, Al « B« P 2B K &+ 2 =JohdE it ORISR, MmT

T T 7 v —7>F%a 7T >0—Frr=T7n— R, BITIT2BEH>3EH>
BeH >4 B H, FIBITIEFOLNAORHITIES<RE, AEICKRIERE R LT
(3) 7V 7 =R — FORIOIRIUZ, AT ALLENA T ADRFER DAL D &
EZ bk,
(4) 2 BtH & 3 BRHORTAEIIL, Mo ke, Ry, A & A ERm W EE
LTz,
HAJ5m 2 BB #hiF (r=0.819)  (p<0.01), AW (r=0.755) (p<0.01)
EAJM 3EEH NS (r=0.783)  (p<0.01), H AW (r=0.718) (p<0.01)
EAZHA 2 BEH #hF (r=0.665)  (p<0.01), WA (r=0.615) (p<0.01)

A
BEASM 3EH  #hiF (=0.667) (p<0.01), HAMr(r=0.671) (p<0.01)
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4.1 #

il

TUT =AM — M, RS R L—77 o RHEN R B RE D (B D), 20
“RL—77 1%, MBEEOYEE EBRICBERL TS (REFL Y) LEbTND. il
DEEYMEEZRMET D2V AT LELTELMBATND “KES” (#FR) &%, Kawabata
Evaluation System DZHILFC, AiHiod AT PR & FKiFRFE A R B CHIE T 2 5 HI
AT LD LTS, 1972 4R 112, KES-F & A5 40> 4 Fl¥E FB-1~FB-4 7352 5% (113 ¥)
Z D KES-F ¥ 27 L DORIEFRERLHIE SR 22 A TS, mPEREICH R L7202 KES-FB & 27
LATHDH (RGO LT V). ZHETIC, ZOYAT LAEMH LIEIRIES K

WESNTWD. #ilH 21%, KES-F HAIL A7 2% AWT, fEsOHIBETH 5

it

I

THX OB SR8 E RIFTHREEEZH OIS Uiz, A Z TR T2 L 1T, RVed
<, BEHEZEFENLTOHIREDOD D H 0T, U TERPTOMOIEREEIR V2L, EH
BOBFNP DIV DEFET. ZOMR, AL TR T 24T, SIEY LY ) =R
NEL, BT, BABE AT Y UARKEVWEDTHD L, Fiz, TAMMIE, EfF=x
NF— JEMEL VY R ARKENT EEPALN L. I, THRUD/hEL, Ko
URRKREN L0, LZAFAOHITE AT U AR RENZ L2 E, ZRHITAR
DOFSHENE & B BR A RO L TIIL T D, RS V1%, KES-F #Hllv A7 A% W, fi
MO ETCRER Y, 5IRY, AW, JEMERHEDIEA ) PRk & K - TRRERHME 2 51
L, ¥¥ ¥ —2h— o LTy ROEHT LTy FEEE EFRRAIZ L > TR
L7z, ORI & B P AR ReE, IRERE, EARRA W & & OBMRE MG LR, =
NBIEE %2 @O Z R L, #HUROER I LTy FOGEHE & FHREFMECL Y, <307
LA E” BRROV LTy MIBEEBEVEASNTH D Z L 2L L. DS
Nx, HFAOBREGWEZITMET 2 A0 FRE, G, Bl8RY, dF, AW, JEME, R

72 EORESFMIZHONT, KES-F A7 A% HWTHA, BEt LR, B EMERrE L O
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BIBRE D FREICHB VT, IATEL VAL LEERELRENEETH D Z L 2 LN
L7 WA n 91, PREICERTE 2 AREMOYMEEZA ST 2 812, e AR L
LTEZL AL TWSL—3 Y, $a/7, RUTAT)N, FAar, fBO5FEEZERE,
Z OBV, KOBERHE, JIPRME R ORI, HEEREANELL. b
5 fiA WA D— FOFRBFHEOMERIL, EFICB TV —3 Y, 277 OREEN
BB, FEARLMEIT gnax &I, IRERIIE - KOBEREE, V7 R 2@,
TAW, JEMEREE, TR0 O X SITEBERLEESTOND L L. AT BN TR
LSO FM N E RO A EZATRO T, MITHANERE, BhSnKEL, £LbY
DL LFHBiE, ZiD BARRESRM: T CTO - KOBEVE L M, ikt & B
AT oD E L. RS N K MO FHIME L FL—T e OBfRIZONTY
KES-F v AT AMER &H, FRLIEICE 5 FL—7 5L OB#EAH L Sz, R 10,
KES-FB #HH|> AT L2 FANWT, Do E—RA RLVAD 4FD I /LTy MIOWT, ) 72aqmi
% IR OFALD 12 & D' BERERHIIC L - T, 2 ORHMfE & ATk oD 77 % ket & o B
DITFETV, BRI DTy N EAGD 2 ERATHLO )R & 2 OBPULYE 2 BAfEIC
L7z, fE%, 4 FEICHB SNz =y MZDOWT, A Rb—hbxy MR&EGHES
MO O —HENEL, RNTTY AT A vy b, T Tz b, 7
4y F&TZNVTy FOIAIZ—FEMET L, &by MIE LD ) TRtk & 5
ABRGUMEORPHIX, dhF, TAWRE, B, BEE, “2L7 9307 “Laens” oRG
VMEIZZ OFRFEBED Dz s Uiz, F£72, 8BS M2, 77— 20— FOFFHIEDY
B LTy MO A, RO W, BFEL WIXA S — NOREEIEIZOWNT, £ 4KES VAT
LERANWTEREIT>TCND., ZOVRAT AL, EEOMS FRC—2 8y ) T DT
W, IROFIE A Z A IV, Feild T A o Flle 87 SV AHIRA~OSHC B #RER S 27 2 ()
NI e TR AR~ OIS b EhE S TR Y, FHEIDAS HR LTINS,
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Fl2, RL—TFF2AZ %R LT, fOI7FREE FL—7 1k & OBIRZ MGt L 72
Kb WHas 9, FEEs 0, KEFs 2, S W), EiZ Ty hOBEMEOFHG 2
FlIcHWs L TWA. FiElE, MEREZ 2R L0 /NS WEROKEARIZOE TEALTH
B, FU—THREERDD LV HOT FBES 1), MEPEFICHHETHY, Mo
Rk e LTRERFISEZR-ThbdEsnsd (KL ).

ZDOXIIZ, KES PAT AR R —TFFT A7 =% LT, MO ¥REe v v —2
RLARAT— DTy b EDORRZRHE LI CRITIZ A bnsg. £z, 7v7
— A= MIZOWT, MHE, By T4, M7=y, #oOR, EHEOKRNLRES
COERBBIASNTNDN (ARDL 1Y), KETIE, 7L7—AH— FORFINEELR
(R a RIET I ORISR N PR Z A 0N T 2%, —RICT7 LT — A — MTE
AEINHHHIT, TE LR LR, WHEMA - MERORR 23R 28 E. 20 PR

KES-FB ¥ 27 LA CEHAIL, #KiBOR A2 R+ 5.

4.2 BIRAE
4.2.1 HHMOEE
AT LT — AT — MO S DA T, MRHERR R & ARk O $ 72 D 14 T OB &

HR AT it 588 7E L7z,
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4.2.2 AEEBERVBIERZE

4.2.2.1 HBHADER

1) B

MRk OBIEIL, K 4-1 DKEYENCE TV L~vA7rA2—7VHX—100
0 MAsthFd—x ) 2 L. BB OAHETRHIRD ATV, A
T — FEWTHRORA T~ A 70 ZAa—7F (L X 7200 X30) OHES 13.5X18 emlZIX E

DR E ST EFMT LTz, Z O, A0 1D B i 308 T HHRBPIRRE O BVWVEFT 28R L 72

.
>
_j@

4

¥

Fig.4-1 Digital microscope

) E &
HIERSRII 42 1T~ T, Sy 7 R RS =V L. 266 BB O AL~ HEIX
BRI TN, Bz LT, R A — DD 72 W E T 2 EE T 10 25T

IR L, HIEH D 2 KBRS L D FEE L TTo 72, HIEMEIE 10 B0 2R~ BEX
ILULFT &3 5.

Fig.4-2 Thickness gauge
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3) REE - RYAM
~A 7B Aa—TFTHRE LIZEEN S RDOA 25 2, R HInZ2w:R Lz, migns
HEDEE L WAL, X 4-3 1287, MiEE OL—) ZHWT, EHOAit 1 enfE] 0%

DABZEL R T R HANTARZIES UTHER L, REEIIUTD &35,

Fig.4-3 Loupe
4) TEE
AREHEOHEE, 72 T15mX X2 10emé, 72T10emX L2 15em& L, HEDEL
D HORKEDIZEW L7=Dh, SHECADE ChER\W ., JIEERNCT U v PRiIck
Sl EGY, BRI (K4-4) 2R L TREZ TV, USRI AL (1 al) 4

DOEI TR, FilEg/ai=EfE g+ (2 TXKZem) FHEREFLLTWETS.

Fig.4-4 electronic balance
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5) RfER

TR D B/ N A 7R SR AR (X 4-6~[ 4-19) D9 6, 5k &R A 2
T2R (K4-1) o, MR B BB T 528G 2K 72, ZEERIZELT CP
LT 5.
6) ROKE

EHERFEFEDT v 7 REZHNNT, 3SmOAROEIZHEL, KA TRSEZH M L.

T = 1000(m) > w(g)
1(9) 3(m)

4.2.2.2 KES—FB A& il

RN, A1 IORTAMO IR R, B, 5l9R D Rk, EAMIRE, dhid %
P, REFFHEO 4HE & L, FHEEONFIZOWTIE, IRV I, 7V RICHT S
fHOSREMT (LR EMT & W59) Zxtgee L, HAMNE, FAMMIEG (LLF G &i5d),
FUE, HTREB (LR B &MY, R, VAEBEEBLREMIU (BUFMIU LBET) x5
&Lz, BB O R &S wp 138851 (warp) %, wf IS (weft) A FT. BBMIX
K a3KFo, OB ZAEDET, 2T 20emX K2 20 enlZHWT L, [EIRIEE=MIC 24 B
LA s U CREER B LTc b &, i, did, HAW, B3RV OIEICFHIIZTT 7.

Table 4-1 List of basic mechanical characteristics of the fabrics

=2 i awln Dy Ene) HHHEOAE Eafy;
LT  5[5ELTEIE — (U T AR ES —
1 21251 WT  SERUEE of+ o/
RT  BlRULZUT 2 %
EMT S ILEISHT S BUE0ER %
G + ABTRIE af/cm= degree

2 & AT 2HG  HABTEHOD (ZHIT2F 27208 ef/cm
PHEE HABTELS (ZHIT2E27L 208 af/cm

5 e B ehFE"E gri/cm
2HB BT NS af-cm//cm
MIU  TEHEERE (RN —

4 AL MMD R RENODFEIRRE —

SMD  FRETHS micron
. ES T 05/l cdit 58S -
28 W BUmEfEanYoEE g/ el
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4.2.2.3 FL—7#

WEERE, FLr—7%%, EELZEE (FL—7TRREE), /— e L, &bk
1345 % 3 B0, EAE 25. 4 emD PRI E MW, HIT/INS 720 % &1 72, Bl L72alen i,
TEIRFEIE 2 NI 24 RFRI DA B U CRRHERIRRBIC L7c & & E U7z, MIERE AT 4-5 (TR
T, FL—7 722 —%2H. WEHmoOMEmRZ B2 L TRBA & (B 12. 7)) D RIC
e CHEER, #EHi % 120rpm T 10 AHIEER ST EERY 217V, Z0O% 10 BPETE
LThblllELE. (B8, <HEERY, KERE, 2o —EOBEITRRER Y BERIZIT
bivd.) RL—FTAZ =T V2 NFRIND FL—71RE0E, Taeoa A N
BHLEEbOTHS.

J— R, M OEmN TR K (K 4-55) O FL—7RRE LTI

KL —71%%= (Ad-S1) /(S2-S1)
Ad:RBR A ORmE R EAE (KL —7FRimeE)
SL:iBR B OmfE (EEE 12. 7 cm)

S2:FABR A OmfE (B 25. 4 cm)

Fig.4-5 Drape tester
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4.3 #HRRUEBE
4.3.1 H¥mOHET

14 OB DR ITE R 4-2 1R T

WEHMERLER 1T, #3 100%, £ 100%, ERAS, 8 100%, R U271 100%, ¥ =77 100%.
REKHRAE, A PRAE, FFAERRME 2 5 Lo ARG R ATV D,

AR OB & Z AU SO THERR L 72 R 2 X 4-6~[X] 4-19 ("9, SRR,
Tk, BUCRE, Rk, AR T, Rk o SRR O BIERR S B E TV .

JEE1E, K420 1230, T=4280.80mmE 14 FEOH TREL/ELS, RNT, 7—LH
—EBE<H =<V A= F<HAEBDIAIZK E e o7z, 2D DR RIZ, FEWRERIROMHEE
fAIADNE A, WD HRVRIRIC LIEHET, AR EFHTN, BHRHY V7 b2
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Table 4-2 General information
Component  Weave Thickness Weave density Weight Direction of twist Crossing Thickness
Fabr fiber (fem) point  of the yarn
abric
%) (mm) (gm?) warp weft (tex)
warp weft
Broad Cotton 100% Plain 0.24 60x30 125 z Z 1 14.9
Sheeting Cotton 100% Plain 0.25 30%30 111 Z Z 1 21.7
Denim Cotton 100%  Twill 0.30 30%20 407 Z Z 0.5 87.3
Gabardine Wool 100% Twill 0.36 30=30 192 S Z 0.67 36.6
Woolgauze ~ Wool 100% Plain 0.52 20%20 123 S S 1 47.6
Wool 97%
Serge Nylon2% Twill 0.63 30=20 210 S S 0.5 45
Polyurethanel%
Tweed ~ Wool100%  Twill 073 1010 244 S s g5 Uuck107.6
thin 46.1
Kersey Wool 100% Twill 0.76 10x10 269 S S 0.67 44
Habutae Silk 100% Plain 0.10 60x40 45 — — 1 3.5
Silksatin Silk 100% Satin 0.18 140x50 70 — ZZSS 0.4 39
Satincrepe  Polyester 100%  Satin 0.20 11040 87 — ZZSS 0.4 5
Crepe de chine Polyester 100%  Plain 0.25 70x50 92 — ZSZS 1 8.6
Amunzen  Polyester 100%  Crepe 0.27 50%30 109 — — 0.59 12.7
Cupro Cupro 100%  Twill 0.17 70%40 112 S — 0.5 9.5
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2%x2

Fig.4-8 Microscope image and organization chart of Denim  4%4
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3%3

4x4

Fig.4-11 Microscope image and organization chart of Serge
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Fig.4-12 Microscope image and organization chart of Tweed axa

3%3

Fig.4-14 Microscope image and organization chart of Habutae 2x2
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Fig.4-17 Microscope image and organization chart of Crepe de chine 2x2
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8x8

Fig.4-18 Microscope image and organization chart of Amunzen
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Fig.4-19 Microscope image and organization chart of Cupro ~ 4x4
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4.3.2 KES-FBEHAIL R T LICK 2 FHBMDARFEIZONT
14 FE OB OFHARE R AR 4-3 12, ¥ 4-23~[X] 4-48 [ TRABHA O 2 IH B RN,

RLTZHDOTHD.

Table 4-3 Mechanical characteristics of the fabrics measured by KES
(warp and weft direction)

Fabric Tensile  Shearing Bending Surface
EMT(%) G(gficm) B(gf-cm’cm) MIU
warp warp warp warp
weft weft weft weft
2.13 3.50 0.1530 0.126
Broad
4.04 3.57 0.0436 0.121
. 1.42 1.65 0.1893 0.145
Sheeting
3.61 1.65 0.0372 0.143
. 5.12 5.66 0.3866 0.154
Denim
3.04 5.33 0.3160 0.157
Gabardine 5.25 293 0.1010 0.097
2.85 2.67 0.0614 0.121
10.42 231 0.0538 0.194
Woolgauze
14.00 2.56 0.0479 0.200
4.77 2.48 0.1330 0.156
Serge
14.47 2.39 0.0718 0.162
5.75 2.08 0.2200 0.200
Tweed
10.06 2.00 0.1623 0.204
5.26 2.18 0.1571 0.139
Kersey
9.26 2.15 0.1151 0.239
Habutae 3.02 0.21 0.0023 0.097
1.37 0.20 0.0025 0.151
Silksatin 2.57 0.19 0.0283 0.074
3.80 0.19 0.0048 0.145
. 1.34 0.21 0.0504 0.163
Satincrepe
9.59 0.16 0.0129 0.266
Crepe de chine 4.76 0.28 0.0131 0.165
1.89 0.19 0.0091 0.237
2.52 0.34 0.0673 0.163
Amunzen
4.29 0.32 0.0334 0.194
Cupro 1.16 0.42 0.0696 0.094
P 1.84 0.35 0.0546 0.169
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Fig.4-23 Tensile characteristic of Broad, Sheeting, Denim
(Upper: warp direction, Lower: weft direction)
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107



50
E an
FAT)
= Habutae
- Silksatin
I} —
E T — U 1
- -10 -5 5 10
A
m
o 28
ez
“
L
4
ﬂ
Shear angle deg
60
40
£ 28
= Habutae
- Silksatin
0 m—
P — T 1
=)
= -10 -5 5 10
A
m
L 20
ez
“
L
20

a0
(=15

Shear angle deg

Fig.4-29 Shearing characteristic of Habutae, Silksatin
(Upper: warp direction, Lower: weft direction)

108




ot
an Cupro
Amunzen

£ . Crepe de chine
[X) = '
‘:;_n Satincrepe
i
0 =
o
5T pee—
T -1 -5 5 10
m
% o
%
L

4

ﬂ

Shear angle deg
o6
a0 Cupno
Amunzen

£ o Crepe de chine
et e .
= Satincrepe
8 ——#
5o A — |
E-IO -5 5 10
n
& 20
ez
0

20

w

Zhear angle deg

Fig.4-30 Shearing characteristic of Satincrepe, Crepe dechine, Amunzen, Cupro
(Upper: warp direction, Lower: weft direction)

109



P

/1 Denim
Sheeting
Broad

=]
[+ 1]

[=
=
"'q..__‘_‘_

=]
B

@
Ha

i
w
|
[

M(Bending momentlef cmdocm
&
q c*

&
th

El
=+

R Curvature)

a4 :
/ e nim

MBending rpc-ment)gf' cmlem
L
g ] @ @ Q@
L3 Ma
N
=
™ vx
= A
il
5
=
(5]

kKl Curvature)

Fig.4-31 Bending characteristic of Broad, Sheeting, Denim
(Upper: warp direction, Lower: weft direction)

110




i
w

M(Bending momentlef cmdocm

Setos
— Gakardinz
A Woolgauze
oo
~8-8
=
kKl Curvature)
T
48
E Fat
H&l‘ Ly
E na
[ LT
ﬁ P _/f
iy L
: =
g r T T weet—
£-3 -2 b 1 2Kprepy 3
g ' 5
b= e ErEE
z Gabkardine
= = VWaolgauze
-8
1
kKl Curvature)

Fig.4-32 Bending characteristic of Gabardine, Woolgauze, Serge, Tweed, Kersey
(Upper: warp direction, Lower: weft direction)

111



P

@
oo

=]
=

=]
B

]
Ha

p— Silksatin

Habutae '
1 2 3

|
(28]
|
[ =]
|
=
s ]
15}
1=

M(Bending momentlef cmdocm

&
s

&
3

&
th

i

R Curvature)

[N

@
=]

@
d

&
L

@
M2

Silkzatin
IJ—(abutae '3

T -

1

'
L
'
P
'
=
=]
Ha
=

&
T

&
g

MBending moment)egfs cmdom

o
il

&

C1
X

KICurvature)

Fig.4-33 Bending characteristic of Habutae, Silksatin
(Upper: warp direction, Lower: weft direction)

112




Cigbrn
=

Amunzen
Satincrepe
Crepe de chine

=+

R Curvature)

[N

Clupno

@
=]

Amunzen
Satincrepe
Crepe de chine

@
d

&
L

@
M2

'
it
‘
‘
=3
b
R
L=
=3
[
[¥)

&
T

&
g

MBending moment)egfs cmdom

o
il

&

C1
X

KICurvature)

Fig.4-34 Bending characteristic of Satincrepe, Crepe de chine, Amunzen, Cupro
(Upper: warp direction, Lower: weft direction)

113



05

0.4

0.3

0.2

01

o
-01
-0.2

-0.3

-0.4

-05

Diztance mm

05

0.4

0.3

0.2

0.1 A
0]

01
-0.2

-0.3

-0.4

-0.5

Diztance mim

Fig.4-35 Surface characteristic of Broad
(Upper: warp direction, Lower: weft direction)
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Fig.4-36 Surface characteristic of Sheeting
(Upper: warp direction, Lower: weft direction)
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Fig.4-37 Surface characteristic of Denim
(Upper: warp direction, Lower: weft direction)
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Fig.4-38 Surface characteristic of Gabardine
(Upper: warp direction, Lower: weft direction)
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Fig.4-39 Surface characteristic of Woolgauze
(Upper: warp direction, Lower: weft direction)
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Fig.4-40 Surface characteristic of Serge
(Upper: warp direction, Lower: weft direction)
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Fig.4-41 Surface characteristic of Tweed
(Upper: warp direction, Lower: weft direction)
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Fig.4-42 Surface characteristic of Kersey
(Upper: warp direction, Lower: weft direction)
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Fig.4-43 Surface characteristic of Habutae
(Upper: warp direction, Lower: weft direction)
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Fig.4-44 Surface characteristic of Silksatin
(Upper: warp direction, Lower: weft direction)

123




05
0.4
0.3
0.2
01

01
-0.2
-0.3
-0.4
-05

35

Diztance mm

05
0.4
0.3
0.2
01
o
-01
-0.2
-0.3
-0.4
-0.5

5 10 15 20 25 30

35

[Ty I R

Diztance mim

Fig.4-45 Surface characteristic of Satincrepe
(Upper: warp direction, Lower: weft direction)
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Fig.4-46 Surface characteristic of Crepe de chine
(Upper: warp direction, Lower: weft direction)
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Fig.4-47 Surface characteristic of Amunzen
(Upper: warp direction, Lower: weft direction)
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Fig.4-48 Surface characteristic of Cupro
(Upper: warp direction, Lower: weft direction)
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Fig.4-49 Measurement results of tensile characteristics of 14 kinds of fabrics
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Fig.4-50 Measurement results of shear characteristics of 14 kinds of fabrics
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Fig.4-51 Measurement results of bending characteristics of 14 kinds of fabrics
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Fig.4-52 Measurement results of surface characteristics of 14 kinds of fabrics
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Table 4-4  Drapability of fabric measured by the drape tester

Fabric Co[e);figfent node
Broad 0.687 5
Sheeting 0.710 4
Denim 0.855 4
Gabardine 0.526 6
Woolgauze 0.456 5
Serge 0.509 5
Tweed 0.609 5
Kersey 0.507 6
Habutae 0.352 5
Silksatin 0.369 5
Satincrepe 0.388 5
Crepe de chine 0.257 6
Amunzen 0.398 3]
Cupro 0.730 5
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Table 4-5 Component matrix

Component

1 2 3
Weight 937 -.158 -.244
Thickness 934 225 -.137
Bendmgﬁweﬂ) .805 -.234 -.264
Shearing(warp) .883 -.355 176
Shearing(weft) .880 -.323 221
Bending(warp) .866 -.349 -.163
Weave density -.786 -.196 -.326
Tensile(warp) 561 489 407
Surface(weft) -.029 798 -.379
Tensile(weft) 401 728 -.039
Surface(warp) 499 708 066
Crossing point -.141 031 920
Eigenvalue 6.220 2.428 1.522
Proportion(%) 51.835  20.231 12.684
Cumulative Propotion(%s)  51.835  72.065  84.750

Table 4-6  Result of principal component analysis

: Factor Loading

Fabric I Fac Il Fac [l Fac
Broad 0.0190 -1.1851 1.2424
Sheeting -0.2107  -0.6178 0.8852
Denim 2.2275  -1.4552  -0.7950
Gabardine 0.1673 -1.0184 0.6195
Woolgauze 0.5700 1.7527 1.7564
Serge 0.6653 0.5631 -0.2665
Tweed 1.1203 0.8987 -0.6209
Kersey 0.8565 0.7195 -0.3850
Habutae -1.1529  -0.4674 0.9893
Silksatin -1.2352  -0.7631 -1.0223
Satincrepe -0.8389 1.0985 -1.6520
Crepe de chine -0.8048 0.8145 0.5389
Amunzen -0.5405 0.3851 -0.4301
Cupro -0.8430 -0.7251 -0.8598
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Table 5-1 General information and the mechanical characteristics of the fabrics measured by KES
(warp and weft direction)

Fabric  Component fiber Weave Thickness Weave density Weight Direction of twist Crossing  Tensile Shearing Bending  Surface
(fem) point  EMT(%) G(gflem/deg) B(gf-cm’em) MIU
(%) (mm) (gm?)  warp  weft warp warp warp warp
warp weft weft weft weft weft
. 2.13 3.50 0.1530 0.126
Broad Cotton 100%  Plain 0.24 6030 125 Z z 1 ?
4.04 3.57 0.0436 0.121
4 5
Sheeting Cofton 100%  Plain 0.25 30x30 111 z z 1 142 165 0.1893 0.145
3.61 1.65 0.0372 0.143
Denim Cotton 100%  Twill 0.80 30%20 407 Z VA 0.5 312 3.66 0'3866 0154
3.04 5.33 0.3160 0.157
. . 5.25 293 0.1010 0.097
Gabard! Wool 100%  Twill 0.36 30%30 192 S Z 0.67
abardine ol W i 285 267 00614 0.121
Woolgauze ~ Wool 100%  Plain  0.52 2020 123 S S 1 1042 231 0.0538 0.194
14.00 2.56 0.0479 0.200
Serge oo TNt 0,63 30420 210 S s o5 M7 248 0.1330 0136
o ° 14.47 2.39 0.0718 0.162
5
Tweed Wool 100%  Twill 0.73 10+10 244 S S 0.5 573 208 02200 0200
10.06 2.00 0.1623 0.204
. 5.26 2.18 0.1571 0.139
Kerse: Wool 100%  Twill 0.76 10x10 269 S S 0.67
Y ’ 9.26 2.15 0.1151 0.239
Habuta Silk 100%  Plain  0.10 6040 45 — — 1 302 0.21 00023 0.07
1.37 0.20 0.0025 0.151
. . . . 2.57 0.19 0.0283 0.074
Silksatin Silk 100% Satin 0.18 140%50 70 — ZZSS 0.4
! ’ ' 380 0.19 00048 0.145
Satincrepe  Polyester 100%  Satin 0.20 11040 87 — 2788 0.4 134 021 0.0504 0.163
9.59 0.16 0.0129 0.266
Crepe de chine Polyester 100%  Plain 0.25 70x50 92 — FAYA 1 476 028 0.0131 0.163
1.89 0.19 0.0091 0.237
Amunzen  Polyester 100% Crepe  0.27 50%30 109 — — 0.59 232 034 0.0673 0.163
4.29 0.32 0.0334 0.194
1.16 0.42 0.0696 0.094
C C 100%  Twill 0.17 70x40 112 S — 0.5
Hpre upra e W ) 1.84 035 00546 0169
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L7z, FEMNEES 3 oMWY TH D,

148
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E Lz, X HmoOFHRRE CAFBEET %) 1%, EFE# (HipLine UFHL EBET) 225
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5.2.4 HiAE
OINTICIE, BERHERHT Y 7 b =7 IBM SPSS Statistics 2/ L, LAFOST&1T-7-.

(1) AN — FEFIR S OB 2 AR, ERE, A, KO, #50EHRZ X
T D =R EO ST AT o 72

(2) BFHALRICR T HES) « EAZTGMOLEREZ RO Tz RIs, ik, B, J&2%
LT SRR EOSEANT AT, ABEEOELNTLDIZOVWTI,
Bonferroni {EIZ & 5L HEIE 1T > 7.

(3) A B — NEHIR S OEALRE HINEE LIZGA L, A b — NOTIIZELEE B
L LIEBE LRI T, AT v 7 U A REIC LD ERIF T 21T 572, S
& LTI, Ailhod )5 Ret, BNE, EMTwp, EMTwf, Gwp, Gwf, Bwp, Bwf, MIUwp, MIUwf
EmioFEE, WH,JES (Thickness, AR TH LW&97) , P (Weight, AT W &
Ws97) , REE (Weave Density, AR D &W§9) , AZ8EA (Crossing Point, LI CP
EWET) AWz,

(4 R BEREEE, WIH OGS 5% T & Lz, £72, AT 5 F O =0. 05,

PRET D F OffR=0.1 & L7,
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5.3 # B

5.3.1 RA—+BIREDEEL

AJ— NEFIR S 0 24 RERRE % & 2 B % O R A K 5-2 1R T 0BT OFEE,
figiE R, A, F, AR E HIZ, P.05 F72iE PO.01 OFEZENED LR, 7272
JRERH], BND, 24 FpERE#%6 2 HEREE O 23T, -0.09%~+0.22% LD TH
D, ZVT—=AH— bOBAELIE, RFEDELE 24 BRELUAICEAEL TW D Z LR S
7. FIOEDRICOGAERRDEPRD LN, ZEIEWEITo7T2L 5, Atk LM,
AN AG /N A T A J5 1D FR33/BL33 [#, FR16. 5/BL16. 5 [, /2/3A 7 A J5[H¢> FL33\BR33 i,
FL16. 5\BR16. 5 RIZITHERAEDRO LR -T2, IO OMEERE L, HESHNIC
e U7z, RS, ZEAMHR, BlH, FR33/BL33, FL33\BR33 T\ -Fhofiib i L, 2 L%
3% 3.53%, 3.31% CTholo. HbMENE Lol fifiix, v 7 ¥7 o ChEAEY
+6.51%, WWTH ZEHPRLELTH6. L1QDMEZ/R LD, Tra—Fev—Fu 703, £
F )40, 03%, —0.28% & i# & b 1%A0M T o7z, AitgHOBR FC, BC (23617 2 &b 1X
FEJ 0. 04% & VT HLOAMHIZ ISV T HHED T, 0. 72%~+1. 16%(25347, AlH, AL -
TFENF A TH-THir LANMET 2 H O b A bz, 224 PR, BlH, FR16. 5/BL16. 5,

FL16. 5\BR16. 5 OZALIZZF DO FRNCHIE L, ) 1.19%, 1.66% Tdh-o7-.
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Table 5-2 Change of the skirt length in each column
After 24 hours and after 2 weeks hanging

. elapsed FR33 FRI16.5 FL16.5 FL33
Fabric fime BL33 BLIGS T CCC BRIGS BR33
% % % % %
24H 0.22 0.09 -0.25 0.08 0.00
Broad
2W 0.06 0.14 -0.33 0.05 0.00
. 24H -0.12  -0.27 -046 -0.16 -0.28
Sheeting
2W -0.31  -041 -0.53 -0.22 -0.25
. 24H 0.74 0.31 0.55 0.47 0.86
Denim
2W 0.74 0.37 0.47 0.44 0.62
Gabardine 24H 1.98 1.47 0.72 1.28 1.67
2W 1.98 1.53 0.72 1.44 1.85
24H 5.25 3.09 1.07 2.78 4.44
Woolgauze
2w 5.49 3.12 1.16 3.09 4.75
24H 3.40 2.18 0.66 1.81 3.27
Serge
2W 3.89 2.56 0.82 2.18 3.64
24H 5.56 2.25 0.00 1.97 4.88
Tweed
2W 5.37 2.22 0.00 2.25 5.00
24H 4.26 2.12  -0.05 1.56 4.57
Kersey
2W 4.69 247  -0.05 1.65 4.63
24H 5.93 421  -0.25 2.37 5.56
Habutae
2W 6.23 412 -042 2.56 5.99
. . 24H 6.23 431 0.19 3.25 6.30
Silksatin
2W 6.54 4.07 0.16 3.21 6.48
. 24H 435 1.97 -0.77 1.61 5.00
Satincrepe
2W 4.63 262  -0.69 1.69 4.88
. 24H 3.70 .11 -0.12 2.56 3.09
Crepe de chine
2W 3.89 1.12 -0.13 2.64 3.24
24H 3.40 1.34  -0.08 1.25 3.33
Amunzen
2W 3.40 1.70 0.09 1.26 3.33
24H 2.35 0.62 -0.50 0.78 1.98
Cupro
2W 2.84 .12 -0.72 1.00 2.22
24H 3.37 1.77 0.05 1.54 3.19
Average
2W 3.53 1.91 0.04 1.66 3.31
. 24H 2.02 1.36 0.51 0.98 2.01
Standard deviation
2w 2.14 1.33 0.56 1.04 2.08

5.3.2 RH— FDBERER
2 F)— FAFHARIC I T 2 ET) - BEASMOEARECREZ KD, ZhaxRIc, Tt -
Bt - BN EHR &2 = aREDO NS A To7c. 22T, F—iaxRic, AigdE

I ONEENEDZEDIE AT > ok, AEEDRD LR TR, BRO K 5 ITHiR S

\L_V'

~

DOEACRZHE L TOMICHE L7, f551352 5-3(a) 2 £ 5-30) IZRT MY, A« B -
THOERKIZOWTHIERE 1%L TOREZEN RSN, £ 2T, FERKIZOVWT Bonfer
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—roni D EIEAIT - 7=, A DEE K 5-1 12, AR OEDOKREREREF 5-4 [T
HOFRMOTANEFEEZ LD &, ST T U 2% Lk bm<, V—nAT—E L
PIZHEABRLS 11 O E ORIC 5% KHETHEZAENGRD bz, W TELENKTH -
DX, VNI —BD+3.9T% P ED+3.70% Th o7z, ZHUIKH LT, 7r—F&v
—TF 2 ZIIEAERDI-0. 16%~—0. 37% LAEZIHEHIM 278 L, 7 = 5 2 BRr< 11 FEOAf &
DN 5% KUETHEENRD bz, BERFRICOWTIE, T3 TOMMCIUEE = L,
SN HT ATFA 9% E KT, U= —E, VA=K, hE, PE Tk
Br<, 8 FEDAMHL & DRI 5% KETHEZAENED bz, BILRPED Th-T-DIET =4
T, RNTTa—FR, v—=F7, Fx "y, Fa7TLEN. T=MEIhb EER<

9 FEOAH & DI 5% /KAETH EZNRD bz,

Table 5-3(a) Result of 3-way ANOVA (Gravity direction) test

Sance Type|[|[Sum Degree of Mean F-measue Slgmﬁcgr}w
of squares freedom square probability
Fabric  823.189 13 63.322 22.000 o
Row 847.249 3 282.416  98.121 *E
Column  534.525 8 66.816 23.214 *E
**p<0.01

Table 5-3(b) Result of 3-way ANOVA (Orthogonal direction) test

Sauce Type|[|[Sum Degree of Mean F-measure Slgmﬁcgr.lce
of squares freedom square probability
Fabric  585.145 13 45.011 13.478 *E
Row  1212.729 3 404.243  121.048 *E
Column  496.268 8 62.033 18.575 o
**p<0.01
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Fig.5-1 Multiple comparisons among fabrics (Upper: gravity direction, Lower: orthogonal direction)

Table 5-4 Multiple comparisons among fabrics (Upper: gravity direction, Lower: orthogonal direction )

0 G | Broad Sheeting Denim Gabardine Woolgauze Serge Tweed Kersey Habutae Silksatin Satincrepe Crepe de  Amunzen Cupro
Broad 0.23 1.06 2.17% 3.75% 2.93%  247%  2.57%  3.44%  4.58% 2.58% 2.61% 2.61% 1.76*
Sheeting 0.26 1.29 2.40% 3.97* 3.15%  2.70%  2.80%  3.66%  4.81% 2.81% 2.84* 2.84* 1.99%
Denim 0.36 0.62 1.11 2.69% 1.87%  141*  1.51%  2.38%  3.52% 1.52% 1.55% 1.55% 0.70
Gabardine 0.59 0.33 0.95 1.58* 0.75 0.30 0.40 1.26 2.41% 0.41 0.44 0.44 0.41
Woolgauze 1.85% 1.59* 2.21% 0.82 1.28 1.18 0.31 0.83 1.17 1.14 1.14 1.99%
Serge 1.31 1.05 1.67* 0.71 0.46 0.35 0.51 1.66* 0.34 0.31 0.32 1.16
Tweed 3.01%  2.75%  3.36% 2.41% 1.16 0.10 0.97 2.11% 0.11 0.14 0.14 0.71
Kersey 2.18%  1.92%  2.54% 1.59% 0.33 0.87 0.86 2.01% 0.01 0.04 0.04 0.81
Habutae 2.89* 2.55% 3.17* 2.22% 0.96 1.50% 0.20 1.14 0.86 0.83 0.83 1.67*
Silksatin 3.24% 2.98* 3.60* 2.65% 1.39 1.93% 0.24 1.06 2.00% 1.97% 1.97% 2.82%
Satincrepe 1.27 1.01 1.63* 0.68 0.58 0.04 1.73% 0.91 1.54% 197 0.03 0.03 0.82
Crepe de ching 1.20%  1.74*  2.35% 1.40 0.15 0.69 1.01 0.18 0.81 1.25 0.00 0.85
Amunzen 1.24 0.98 1.60* 0.65 0.61 0.07 1.77* 0.94 1.57#  2.00% 0.03 0.85
Cupro 1.04 0.78 1.39 0.44 0.81 0.27 1.97% 1.14 1.77% 2.21% 0.24 0.96
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BeDRT DWW 5-2 (TR 358 Y, BT 2 BEH OB LERR KT, +4%
UbZRL, OB L ORI 5% KETHEENHEO N, 1BRH L 3BBITE bIZ2%E
T, R 3BEHDOEIEOTHREVD, WMERICHBERZETRD bNehoTlz. THUTk
L T4 B A OZALFITH0. 22% & 1% A C, DB & ORI 5% /K HETHEZEDRBD LT
EAZHANCONT S, 2 BeH OZLERS% L HEKRT, OBk L DRI 5% KETHEE
DRO LN WNT1EEH & SEEHICBAL TIE, —3%RI1# OIHENZE & & iv7- 8 1 7 1A[F
B, AERAETRD bR o7z. 4 BeHOZEHRIT 1%ITH7=3, fhoB: L O T 5%/KHE
DAHBENED DTz, KFHAIZH) D A — O EIT 1 BEABREKT, FHICRDIF
EHOT 5. 1o T, BAGMOERITITBEANRRERD ZENTHISHZ. Ll 1B
HOZRIZ2BEAOZENALVAEI/NEL, ZOBHBE LTE, =X b IEE - BRI
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Fig.5-2 Multiple comparisons among rows
(Upper: gravity direction, Lower: orthogonal direction)
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FIN DR HOUWTIEIR 5-3 (R d58 Y, ESJ510 TIED#_ EOFEIZERAN 0. 20% &
¢, A R FR33/BL33, FL33\BR33 |k TIXFH+3.19% & K& < fE L, FRK
FR16. 5/BL16. 5, FL16.5\BR16.5 bk TIZFH4+1. 65% DRI /RSN, FRBRE AA R EE
DN 5% KUETHEAENRD bz, BERFMOERT, EALMOTAERERL, £
R T3, T7%, PR T -2, 05% DIUHEAS R S AU EENCIE 5% DA EEMN
RO B, ABFFECET 5 A0 — MIFODRIC T THIOA 2@ L TW\W5 Z &b, BT
MO EIZRT L CIE, o BEAA T 2GS <IE EFAWEIER MDY, KEL
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5.3.3 RN—IBIREOBELEWICEL HHHONFERFEOHL

AH— NEFIE S O HEEMICED D410 22 T35 BT, 20— hEFIE
S OEAFEE HROEEL, Ao 7Rk, RIS, EMTwp, EMTwf, Gwp, Gwf, Bwp, Bwf, MIUwp,
MIUwf &JEE (TH) , FEE ) , KEE D) , 538EA (CP) ZaiA$ s 2 HERy
Wiz AT v 7T A RETITo7. T2 CTHEBERE LTL, TTORILEOE(LRE B
g L U CoMTIcfit L7223, FR16. 5/BL16. 5, FL16. 5\BR16. 5 (i 22 28 5s it S hui= 2%,
b zfE LTAI— FOZFFHIAZO~@IHEI L (G5 5-5) FELHICH L. KR,
AL T > TP EBRE, FRROZERICOWNTREBRE 1%L FOA B R
Boni-. (F5-6) Bb, A5 7 ZAFEOLEA#k FR33/BL33 (2O TIE, Bwp, Bwf 2%
FhH &, RERRER 0. 503 23, —J7, ZE/3A T AT D A gk FL33\BR33 (22U T, Gwp,
EMTwp, CP @ 3 BRI M S4, REMHRER 0. 770 NS L7z, FUMMTH-Thbief, A
B, "ATAOMDBEF L - T, BEETLERKLEZDOFERNERL Z LIRS
72, EAFHBUCOWTIE, Bwp & TH M S 4, RERE0.572 M Fbhiz. Zabo
[EFECE I IS, SEHME & Hir s B 2R LTz,

Table 5-5 Position of local deformation with multiple regression analysis (1)

FR16.5,/BL16.5
FR33,/BL33 FL33“BR33
4 FL16.5~BR16.5 ™
@ @ @

Table 5-6 Result of multiple regression analysis of the skirt length

. . . . Contribu-
Multipl t kirt length ,
ultiple regression equation (skirt length) tion rate
@) y=6.149+(-37.198Bwp) +(33.114 X Bwf) R2=0.503%*
@ y=1.849+(-13.293xBwp) +(3.791 X TH) R2=0.572%*

@) y=5.706+(-1.058%Gwp) +(0.517 X EMTwp)+(-3.113 X CP)  R>=0.770%*

**p<0.01
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5.3.4 RH— FORBMBEERICEL 2D HFHEOHE

AJ1— N O JRFTH E BEEROATHO )R L, O XD RBRE R T ER LTS
0, AR 2 R, Ao Fy5RetE, RIS, EMTwp, EMTwE, Gwp, Gwf, Bwp, Bwf,
MIUwp, MIUWf &JES (TH) , FmEE W) , REE D) , s (CP) ZHiHAR LT 5E

GIE AT v T UA RETIT oz, 22 Thand & AR, T X COFIROZE(HEE
HROZEE L LCToTicfii U723, 1 Bk B2 5 3 BEH @ FR16.5/BL16. 5, FL16.5\BR16.5 & 4 B¥
Ho2FNE, @il 28t S nies, b aia L TAL— FOAEF R ZD
~OIZ/HEIL (3% 5-7) FEEREIRATICHE L7z, it ShizER=UE, £ 5-8(a), £ 5-8(b)
\ORTIED THS.

1 BEHOEAHMOERIZFESTHHE & LT, $TXTOFIT EMTwp 23 S a7z,
—J7, A OEAWGHRETIL EMTwp LD A3, A4 IR CIE Gwf OV TH 23t S, 4]
DPLBIZ Lo TR DFER L e o 7=, BIFRITNTIUCDNT S 1% E 72T 5% L FOfFEE
Zos LT, ZEA B DB AN 31T D IR EREITE < 7eino o, B H AT R TOFIT,
EMT BIG, BIBRD OO LMAE SNz 2 L1F, 1BRIZH DD A B — D OFFEOFEENK
ThHhDHIENBZLNT.. TSR LT, EARTTM TIIEEER S EESI S o3 2 k=R
NS L, A ART ¢ & OB X > THA U2 BB ORBSNE 2 b,

2 BEH OB HFMOERICBEET5HE & LT, ZEAM#RO FR33/BL33 T Gwp KU TH
73, FL33\BR33 TiL Gwf, EMTwp, CP 0 3 BEKAS, F 7224 TR TIE Bwp, Bwf 2AHI S

., BARFRTIE, EAM#RO FR33/BL33 T Gwp KON TH 3, FL33\BR33 TiX Gwp KT
EMTwp 73, & 72754 PRIBCIE Gwp KON TH 23l &7z, EFRmIC 2 BrH 0B 2 K& L
HIHERE LTIES - BRFM E IS AWRIEDREN KT, RNT, EIMNEEL
TWDZ EMfabiiz. BL, A PR TIIRSED MFTRIMEO A3 M S, TABOR

BT CRE S FRETIIMIT OREN K ThH 7. ZIUILEL GRS E A 7 Ao B
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WZES, BMENRTHSLLZENHER L LTEZLND. EAAFRMBTIE, NH
BROFENEDTHY, FHHORHENR A N L— MIENRTZOTIT W EHEER IS, [BlF
KIFNFIUZDNTH 1%L FOREEE T L, WEREK R IZFESI 17T 0.49~0. 65, [HAL
JiTACIE 0.53~0.65 &, 1 BEHIZH L TROREVMER RSz

3 BB OENAMOEERICEES T HHE & LT, AR FR33/BL33 T Gwp L}
EMTwp %%, FL33\BR33 Tl Gwp, EMTwp (21X T CP 0 3 BEKAS, F 7=/ HRIHR Tl Bup LY
Bwf 23flitt Sz, Wi CldEe LTHEAME SIRY 25, FMECIL 2 BeH LA, #fED
BT RIPE 23 SRR CHREFREL R2 13 0. 49~0. 79 Th o 7=, [T T b 1% £ 7213 5%LL
FOFEZELR Uc. —F, BRF M T, ZZ4#ROD FR33/BL33 T Gwp L OVTH 73, FL33\BR33
TUE Gwp KON EMTwp 2%, £ 722 CIE Gwp A S 72, BIRKOAEMET 1% £
1T 5%LLFAVRE N, RIEFREL R 1T 0. 43~0.64 & 2 B BTl LB R Sz,

4 Bt T, MHOMEARI/NSWEG, BRI ZOZRICEET2HAL LT
%D i S, EURROAENEIL 1% E720% 5% LTRSSz, WERBUIE ) H WM T
0.49, BEAHFMTIL0.27 LW FRbEL o,

H ) - BT B DI S iz T E RO TRIE & ERE OB 2 X 5-4 K OV 5-5
WZRT. 1 BeH ~3 BeH DA /3A 7 A FR33/BL33 & /2734 77 A FL33\BR33 CIXIREFRENS e
D, THNE & SHAMER OB, B 1 BREAZRS T RTOERT, A3 7 2D BMK
WFER & 7p o7, F 7=, HAZ IR 1 B H O FL33\BR33 & 3Bt H ™ FR16. 5/BL16. 5, FL16. 5\BR16. 5
T, REFRE R 23 0.32, 0.35 LARWHEIZ /R L2 DD, T LSO TIL B &
WHIRSZ R L. FRlC, B MO 2 B H, 3 BtH OWERI R 1 0.57~0.84 & &<, B

FETE 2 BrH OBRERE R 0.60~0. 71 LW b EVMEE R LT,
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Table 5-7 Position of local deformation with multiple regression analysis (2)

FR33,/BL33 iillg'55<§£2:§ FL33™BR33
1st @D @ @
2nd @ ® ®
3rd @ @
4th

Table 5-8(a) Result of multiple regression analysis of the local deformation

(Gravity direction)

. . . ) . ) Contribu-
Multipl tion (G direct .
ultiple regression equation (Gravity direction) tion rate
M) y=0.309+(0.668*EMTwp R2=0.451%*
y
@) v=0.552+(0.525xEMTw R>=0.413%%
y P
@) v=0.051+(0.723xEMTw R>=0.647%%
y P
@) y=5.829+(-2.349xGwp)+(11.271xTH R2=0.493%*
y
(B) y=4.275+(-33.548xBwp)+(32.526xBw R2=0.588%*
y
® y=8.465+(-1.600xGwi)+(0.872xEMTwp)+(-5.563<CP) R2=0.649%*
@ v=4.534+(-1.299xGwp)+(0.428xEMTw R2=0.490%%
y P P
=3.233+(-24.768xBwp)+(20.556xBw R2=0.591%*
y
©) v=6.289+(-1.400xGwp)+(0.542xEMTwp)+(-3.037xCP R2=0.786%*
y
= -0.804-+(0.250xD R2=0.494%%
y
**n<0.01
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Table 5-8(b) Result of multiple regression analysis of the local deformation

(Orthogonal direction)

. . . . Contribu-

Multiple regression equation (Orthogonal direction) fion rate
@ y=-1.516+(-0.461 X EMTwp) R2=0.390**
2 y=-2.442+(0.563xGwi)+(-2.032xTH) R2=0.584%%

@ y=-4.991+(0.044xD) R2>=0.264%
@ y=-7.578+(2.821xGwp)+(-13.397<TH) R?=0.534%%
®) y=-3.564+(0.988xGwp)+(-3.606 < TH) R?=0.528%%
® y=-7.103+(1.637*Gwp)+(-0.633<EMTwp) R2=0.654%*

@ y=-3.626+(1.519%Gwp)+(-6.598<TH) R2=0.426*

V= -2.954+(0.494%Gwp) R2=0.298*
©@ y=-4.027+(1.148xGwp)+(-0.569<EMTwp) R2=0.636%*

y=0.284+(-0.021xD) R?>=0.270%
*p<0.05**p<0.01
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