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Abstract

The factors to presume the shapes of bending and draping were examined in this study, by
applying the similar phenomenon and theory of analysis. The findings were as followings:

1. The value of deflection angle (¢) of deflection curve were almost consistent with those
of m number and the shapes of deflection curve were congruent, under the condition of that
the values of EI/w are almost similar and the lengths of samples are consistent.

2. The values of drape area, drape coefficient, mean of deflection angle, and ; number were
consistently estimated and the shapes of drape were almost the same, under the condition of
that the values of Ef/w are similar and the diameter of samples are consistent.

3. In using the samples with different values of EI/w, scale factor, %;, was obtained from

the formula, ¥ (EI'/w’)/(EI/w), the shapes of bending of the referent samples and compar-
ative smaples was geometrically similar, which the lengths of samples were L, L’ and were
satisfied with the formula, k=L’/L, and their 7 number were also consistent,

4. In applying the samples with different values of EI/w, scale factor (k) was obtained
and then, when semidiameter of samples was adjusted to be satisfied with the formula, /&=
L’/ L, the shapes of draping of referent samples and comparative samples were geometrically
similar. Furthermore, their 7 number was also consistent.

5. The shapes of bending and draping could be changed in terms of three factors such as
the lengths of samples, bending ridigity, and weigths per unit area. x number was obtained
from theory of similar phenomenon, which was index to presume shapes of bending and the

shapes of draping getting from the three factors.

~—1116—



Vol. 20. No. 6, (1996)

I. M B

o] E3] Yot AarE A4 A I
E4, caolxA 3 AF(AE) Sl oA Feddn
& 4 gl olE B, TYAAC] F oy A 2
A Aol 25-HA dn A ExAHoz YAE A
sl A e el AR, T4l 2 frdd AL
24Fol o3} malold Eatell o8] Aol wE 2
B 5 vehlE uhe} 2ro] Hel FEUAAL 254 A
HA5He Yristenl Fa3 5ol wFol ofel
o3 @e o7t o] FoiA Aohd, mE oo ZTALE
3xh e A AE Hrlehe 8T ARl 2E ol
od -5 o ep,

o] FRHAe A4, dubHez A o Fls
o Ao FFol wekd FYPH 4l Ael7t B, = &
olgl Aeletx Al88] Holol webr FHPbol cfaw,
vl4 wige g BE 2 Wil o|2rnR ArpA] §
A vepdich g B A dolMe B3l 7Y
‘&él/lolg_ E-] | 9] T3S 2. 752-13]. 71 ¥al ol
g, oo 7}%7“4"] Fol e W A FIFAE
: = F9% el AR ek 2 A
ol &3] & ?fé Aefollxe) e FYPAFE A&
shetst: o] M g 3ch Inagaki §-& cantileverdy &
A}g5bed simulationoll 2]& e FIFAL A4
£ g Aleksigiend?, A vy gidlel ofFh
hod o] Aol 29 ALgsle] Mo EA FYY
Aol AAE AU,

2oodFollE gedAte] Aol 28 Mgl 51

o
-

Azt cHlol X FA-S A 7 Arpell wAdte]
Axstgch =, A caol= AL FH
A, Alge] Aol, welmAg Fapol o wHetd +
e, ol F alzlel whE TP =alolT A=
zAbela, o] A7bA| QAR HE TP} sdo]E
Yae 24 4 gl A4 &, xr numberd BEEY
o] o]0 2 ¥ AL

II. 2 sieke] sy

AR vgo] BSolefy By v E 847 UY
o} g3k 949 Bgo] Hojo} I, & sh 3}

173
vie]l g4 & 7)EtatEel g #uk okl o el
A 24 5 2E Fulgk disfA ggol A#=
olok B}, 2 =71& 422 Yeply g3} o]
Ho},

s _q 4  4r _ _ 4n

q ql/ qz/ qi/ qr' qn/ (1)

o 7|4 ¢*= wev] (#8{, scale factor), g+ ¥

Yol W, g/ o-g3he 2y wWgolch 4] (DEF
c}A] awd

q: qx

& ar (2)
ol R}, oyAA 1=isn, 1Ssr=n, Ti*r, g/4:9

v]Z x numberztn ¥-Ecf, 7 numberZA] ®&e] =
7% viebid

r=n (3)
ole), 9714 x= 98¢ r number, 7= 2P x
numberolch, x numbery U3¥ At Qlojre] BE
5%91 W e W] 23] vE 91”]3]--‘1:— Ao

4 (32 AY 3} HgFhe LYol HEolzke AE
’ﬁ«]‘ﬂ Releh, ol E4, g7t Aol 4“]%}% 73
ol Uy 73tetd HA2 oeizbA] Aol HQl x
number & A=, 23 2] x numbers} ¥ Ax
e m3ye] gato]l YY) w@gol "ok Aeloh x
numbert 559 E2139] vlo|7] wlFol| FA3d) FAb
2] 4 (dimensionless number)e°]c}, o}& Ewd,
whabA| s al obeh Aol 5l FE
Reynolds 44+ Mach 4 5% & numbero]|c},

poisson H],

1. SHEA (ELAY,
A BN

model rule)oi 2|8t ZE%

Fig. 1o Yeld cantileverdel] & 7|3 A (U¥)
9] heavy elasticad] &34 4l2 Hummels} Mor-
ton®ell of &) o531} zto] jepd 4 gch

EI d‘/l-wscosgb (4

ol7|M ElI= A9 I9744, we HY gsdd=
Zef, ¢ PAoA Y HAl7t, si= Afules e P
A= o] Azlolt}, EF A5 A (2F)x A (9o o

3 e
Er ‘;?‘,0, =w's’ cos ¢/ (5)

ol 4%E Aolth z2x JIE A g3k Al A

—1117—



174

Y (em)
T

X(cm)
Fig. 1. Deflection curve by the cantilever method of
fabric with bending rigidity, £J and with weight
per unit area, w.
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Table 1. Specifications of samples.

175

Sample | Weave ] Fiber content (%) wa%‘ntz’)w ! ?lgg(;r%‘;;z%{ El/w (cm®)
B " Plain Cotton (100) 121 0.07 6.14
B2 | Plain Polyester {50)

‘ Wool (50) 160 1 0.10 6.17

B3 Plain Polyester (60) '
Wool (40) 250 0.16 6.37

B4 ! Plain Cotton (100) 160

B5 ‘ Twili Polyester (90) 253 0.12 7.74
i Wool (10) 0.20 7.76

B6 ! Twill Acetate (100) 104 |
B7 ! Satin ! Acryl (100) | 192 0.15 14.18
B8 | Plain | Wool (55) L 0o 15.31
I Polyester (45) j 228 “ 0.20 8.61

B9 Basket ¢ Cotton (100) | 197 !
B10 Plain | Cotton (50) ! 1.17 ! 59.54
. Polyester (50) 148 | 1.24 | 184.12
D1 ) Twill ! Polyester (60) 242 | 0.183 7.00

: I Wool (40) ‘ !
D2 | Twil | Wool (00) | 6 0175 7.14
D3 | Plain | Polyester (100) | 175 1 0.137 7.26
D4 | Basket [ Cotton (100) | 160 o0 2
D5 ! Plain i Cotton (100) 251 ! 0.660 } 26.30
D6 Plain ~ Wool (55) | 228 g 0.200 8.61

. Polyester (45) | |
D7 Basket | Cotton (100) | 197 LI 59.54
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Fig. 3. Case showing congruent shapes of deflection
curve of samples which lengths, L. and the ratio
of bending rigidity per weight, EI/w are the
same.

Table 2. Values of rnumber and the deflection angle, ¢ at the free end on deflection curve by the cantilever method.

T
j L=3cm i L=4cm
Sample i EI/w(cm?) : " J
; } ¢{deg.) } 7 number ! ¢(deg.) 7 number
f 1 ] T
Bl ‘ 6.14 ; 41.29 { 4.83 64.87 411
B2 6.17 | 39.35 ! 4.86 63.21 ; 4.18
B3 ‘ 6.37 | 38.89 } 4.87 62.79 1 4.20
B4 } 7.74 } 34.40 \ 4.95 58.52 4.36
|
B5 | 7.76 ‘ 32.72 4.97 56.94 4.39
B6 | 14.18 19.03 5.12 39.01 ; 4.87
B7 ! 15.31 19.18 4.99 38.53 : 4.88

Table 3. Variation of drape area, drape coefficient, mean of deflection angle and wnumber with bending rigidity per

weight.

- ] ! ! S ]

Sample | El/w (cm?® Drape Area (cm? Drape C(Z%efflclent 4 (deg.) 7 number
{

o D1 1 7.00 333.3 54.4 ! 51.5 25.33
Dz 7.14 328.6 53.1 | 52.1 | 24.23
D3 ; 7.26 338.7 55.8 ; 50.3 ! 25.66
D4 T‘ 25.24 ! 437 .4 81.8 28.0 18.30
Ds ! 26.30 } 440.8 ! 82.6 27.9 17.67
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Fig. 4. Case showing similarity of draped shapes of
samples which have similar bending rigidity per
weight.

Table 4. Comparison of deflection angle, 8, of samples
D1, D2, and D3 at each positions showing in

Fig. 4.
Position 0 (deg) 3
D1 D2 D3
1 27.09 31.02 30.59
2 60.40 68.25 64.26
3 31.89 35.66 35.26
4 64.14 66.10 62.63
5 37.04 35.53 36.33
6 64.37 55.37 61.13
7 31.23 35.12 30.38
8 60.79 64.42 60.11
9 ' 3137 41.43 34.72
10 67.34 67.35 61.83
11 30.98 35.91 30.28
12 66.58 51.48 62.69
Mean | 47.77 48.97 47 52
_ 1

Table 5. Values of 7 number and the deflection angle, ¢ of samples B8, B9, and B10 at the free end on deflection

curve by the model rule.

— T T T
Sample : El/w (cm?) ; k L (cm) ! ¢ (deg.) i n number
S — i
BS : 8.61 | 1.00 3.00 ; 30.87 | 5.00
B9 ‘ 59.54 i 1.91 5.72 | 29.09 5.41
B10 ; 184.12 E 2.78 8.33 } 30.90 L 4.99
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Table 6. Comparison of the calculated values of sample B8(L =23 cm) by the simulation, with those B9, B10 which
L’s are corrected by the eq.(10).

S R !

Number ‘y L:S?go cm L=5]?$2 cm [ L=E}33.1303 cm B8 By B0
of ; % l

segment l Xs:(cm) ‘ Ya:(cm) ‘ Xo:(cm) ‘ Ys:(cm) 5 Xos(cm) Yioi(cm) Jai(deg.) ¢9-‘(d68~) tos(deg.)

_—tt %
L 0350 —0.006 | 0.286 | —0.010 | 0416 | ~0.016 | 2.3 2.0 2.2
2 0299 | —0.022 | 0570 | -0.039 ' 0.80 | —0.06] 6.1 5.8 6.2
3 | 0.447 | —0.048 | 0.853 | —0.08 | 1.240 | —0.134 | 10.0 9.4 10.1
4 | 0593 | —0os2 | 1.3 | —0.147 | 1.646 | —0.229 | 13.1 12.3 13.2
5 1 0.737 : ~0.124 | 1.408 | —0.222 : 2.046 | —0.3¢5 | 16.3 15.2 16.2
6 | 0.879 | —0.172 | 1.681 | —0.308 | 2.440 | —0.479 | 18.7 17.5 18.8
7 1019 | —0.226 | 1.950 | —0.404 | 2.829 | —0.628 | 21.1 19.6 21.0
8 f 1.157 ‘ —0.284 | 2.216 | —0.509 | 3.213 | —0.79 | 22.8 21.5 22.9
9 | 1294 | —0.347 | 2479 | —0.621 | 3.591 | —0.964 | 24.7 23.1 24.7
10 ‘ 1.428 ; —0.412 | 2.740 | —0.739 ‘ 3.966 | —1.146 | 25.9 24.3 25.9
11 | 1.562 | —0.481 | 2.998 | —0.862 | 4.336 | —1.33 | 27.2 25.5 27.2
12 ‘ 1.694 | —0.552 3.25¢ ~0.989 | 4.704 —1.533 28.3 26.4 28.2
13 1.826 | —0.624 | 3509 | —1.119 | 5.068 | —1.734 | 28.6 27.0 28.9
14 f 1.95 | —0.698 | 3.762 ! -1.252 | 5431 | —1.940 | 296 o 29.6
15 | 2086 | —0.773 | 4.014 | -1.387 | 5.791 | —2.148 | 30.0 28.2 30.0
16 2215 | -0.849 | 426 | —153 ; 6150 | -2.35%9 | 305 28.4 30.4
17 | 2345 | —0.925 | 4517 | —1.660 | 6.509 | —2.571 | 30.3 28.6 30.6
18 | 2473 | —1.002 . 4.767 | ~-1.798 | 6.87 | —2.78 | 31.0 | 28.9 | 30.8
19 2.602 | —1.079 | 5.018 | -1.9%7 | 722 | —2.997 ; 08 | 290 30.8

%L 273 | 1185 | 5268 | —2.07 | 7582 | -3211 | 305 | 289 | 309
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Table 7. Comparison between scale factor, 4 which was obtained from eq.(10) and scale factor, k, which was

obtained from eq.(11).

Ellw | kb

I
Sample | fondf |

R (cm)

Drape Area k2 7 number

= (cm ) @ (deg.)

D6 | 8.61
D4 . 25.24
D7 | 59.54

2w |

|
15.44 |
18.10

353.7 1.00
4796 1 1.4
. 6502 | 1.89

47.1 24.64
7.9 1 23.85
5.8 | 25.94
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samples which have different bending rigidity
per weight.

Table 8. Comparison of deflection angle, the 6 of
samples D6, D4, and D7 at each positions
showing in Fig. 6.
=T

| s (deg.)
Position - T
, D6 | D4 D7
1| ez | a9 2.1
2 | 5447 | 6213 61.55
3 | 35.83 33.35 | 25.3¢
4 | 6746 62.41 l 63.37
5 | 35.85 | 3146 | 29.69
6 | 48.60 | 56.49 g 54.95
7 ’ 29.18 27.65 | 25.86
8  52.05 58.73 | 56.13
9 | 33.78 29.39 ! 28.36
0 | 63.25 63.51 | 59.29
1| 29.5¢ 29.94 | 29.37
12| 49.39 56.61 | 55.25
Mean | 4420 | 45.00 | 42.93
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