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Abstract : A fabric deflection model was developed based on the nonlinear beam bending theory
to predict fabric deflection under its own weight. The nonlinear bending properties of fabrics were
measured from the KES bending test, assuming that the bending moment is a function of curva-
ture. Compared to the results based on the linear bending theory, the results showed better

agreement with experimental results.

1. M g
AR Cgo]T AFL ojie] v FFild lojA
Z 93t gaholH ole FAEY AHd g% AP AE
o & e W=t} I EE AE| AF 23 A
AAEL dorsls Aol o] A% 3o 53
oju}. A9 HAAEL 1930 th Peirce[l] ¥
2 ArgEo] dFsigttt. Grosbergl2,3], Konopasek
[45] 5 o8 AlgEe A7E E3lsid AEL] A3
AZL AR FYURAEAL AE9 FHaa] 49
FHIPAR L olRdl] FaEE A=t ALE A
ok 7 - AR whERA, Alee] B, AEe 2, A
S70e] MRRE Be QAER 8] Edvlel g
A& o]BoJA A ggtthe Zolth 2B BEE FHEY
3 43 AEE FAsE Ao 9797 #A
FHEeEy) Bos A4 F8 FYAA
ol& dgzten o] FEY HIAAF
F 2ol ol o]FoJA|5L Ut} Clappl
1} bilinear® 7FA s & FF %
S Ao A o] HEH] g A

e r

N

l

oon,

L

=

o,
o,

d

AN

ofr
_{'r'

ftlo
B rfo

e & o
‘o?i.—l.l

o

N
~1
e

o o

7

’
A

A

i

&)
— —
O
o,

X 7
o
ot
2

o

}

"To whom correspondence should be addressed.
chungch@gong.snuw.ac.kr

" Brown[8] 52 #3AEs FHAA A&z AF olF

3 9% m¥e) $EAE AN &R
Age) 904 H7 AF) e 7 Shanahan
[0 ATE WE= IDPNN AES A%HA 4

=2 -1

| E(sheet)® 7}438l] Foo]Eo} & o]%_% A5}

o] HEe] AxpgA WS dZs= Aot Lloyd[10]
T3 U AES AEF Y ik AN S
A7519] 3 Amirbayat[11] 5-& &l o] 25t
= “crow's foot” FEe] viZ o] that G si4&
s} ), e Collier[12]8] ATFE AlFS=E
FzAgA Bol AREHE FEaAYE o]&F &
FEo] Ty o]FoiA L UtH13,14]. °l& AT
&) A8g vEoR HEe F3 H4FL A¥e=
7FRst 718HEHA BAEAS Feste] HES WY
o malE), ol A7Ee HEo) F4Ee A8
o= M AY F50 A destE W
1) AMeEER FE AAAF dFd d&5A |
& Ag3l5e W, 2 A3 oig H7HE &
g 2= gslch B dApddae AE FR8EY v

T

l

e TEHT Pld 8 sl g I8 B 3
o2 AMesiel 4o A% g% o4 A A
g MR, olgd, S Fole} A% FUWA

QY E] uEE £ Q%A qosyE fust



AR B8-S w8 4= A7 287

B FEE G Folo) nAY FPAHL AAA
2 Y Fste] A5l gE Ad
ATt

RH;JHE{HLviL

Fabric

2. 59| X& (Deflection of a beam)

gl olgt A8 WP A AF AL HAs
A3 2 B2 2pgo) o3 ﬂ%*@iﬁé o] s &
2 "] dojutly AT A=) o 3 ,‘
FYA(ES] o214 HWHL A9, HEo WAAZL L ‘ .
2 AR Az A 094 #3750 Ao rz :‘ : —~
EARS SRR A3} A9 o) FoL} APz mA o 2%} :
A HEL FAEA T:}. e 73 A 38
7t 2 s 24, & 7188y maAagAs 2
ZﬂOlUE i WP W@ 7o) P T8 e
A]%s}ﬂt}  FE9 Ao 3t spR A
L2 glof7] 913 Ao}, =3 vy w2
AZ Aol & whedahgict,

|

- Lo

MmO > fr o

T

A3
E.

=L
-

=

I-'J

=
=3

2.1. tfHE Ho|=2
MPe] & Z-¥ol Bernoulli-Euler equation[15]%  Figure 2. Free body diagram of a beam.
Agsto] WA el F AL Ashs Xulupyal

= T8t HA Figure 13 Figure 20019} Zro] 229 tha
HES AR vlawPAe] Tt 2ol J o] Agale BEEE T of7]A], mUE= T
. o) g ghol w= ATe) WWMAY By o
o & Hge) A dojoln] L& A HE Be| 5 Hgo]
= 1 = _y =y TIA .
x=5=2=y ® oo,
A7|H, y . FE - ds = A/dxé+dy2 (3)
6 : FHo] 2% o|R= ZHFigure 1 %) .
s @ FAle] de) g °olH, He] IHT@w=0)2 ZHMES} ¥ (shear force)
- < o= 2t
HE] & W) 7R Ay, 25 e g o
2. M = ['xdF = ["ands = [[wT+y%de @
_de_ ¥ = (g5 = [* N B E_
x== T @) V=] dF = [fwds = [[wT+y%de=ws, )

WEHOR A BAE AL T W th2e)  olm, dsol ths) The 2e o) Yy,
T 718 &2 ¥dsiy ) A 9A= =
MBS K2 W WG] g AN SQskm B e @

I T —sin9 (6)
£ st oA T AWEEAL = w A7) g

£ Aol & dpolii Hi2k ol Hge) Ui H AW, Yole] Gme] Aol I o o
9% 1 ol AHSEE AvA 28 29 4 9 2

9. 28 AY A5E Avhske B4 TaHE9

AWATE ol83t) fmshe AL e ek Vev-fuds e V=V-[w.Tryas

Journal of the Korean Fiber Society, Vol. 37, No. 5, 2000



268 A
‘jr%_-g—i ?:}‘O’]ﬂ %Eﬂoﬂ z—}‘%“@'}—,—t‘_— o E MS ?61—7]
oe malEd BYAL 7 thew 2

M-M +Vix-| wx-1)ds =0 F&

M-M +Vi [, EJT+y%dE=0 (8)
@HolA M AE dEd Agshe BHER Ay
WrBY A4E @A Wol FY UABEE A
BEEY »

M = By ©)
1714, B « @74

40 FUATC AR WABAS YEbd i =9

- =9 ]

M = ¥ 10

WA G B 1052 @) dste] 2RE 3
FURAE FUSR Tt

Yx) = J';“xwods —W,S, X+ _[;wa(x ~X)ds (1)

() = [ wESTH P dE-w,5,5+ [ w5~ EW/1+y%dS

(12

DA A2 o] 2ol TIEE AupEgale
27k AHEAHE, AR4DE FEE £ ok
9 e vRd os) nEgRa Rz WA} s
s, (IS AS 27 MERRAoE, (12049 4%
WpmgAes AAEt aPEE B wRdE &
AsaHoz Aol golF (DAL olgded e
Fakelh. ADAS sof el MEsty @& o83l
o AEere Tt 2k

%l = ~V'cos 0+ w,scos 0 = w,(s—s,)cos O (13)

(13)2 & Figure 2904 ds Aole] Bel 3 RHES]
BEe AF vt E AL 5 Aol A, dV/
ds=—w, dM/ds=-Vcos8). (13)2 A} 7ol HEE
wE 7 AY, JE A AT SHET 6=
XEH F e 13 FEL] 2 A solx 6
g 33lw ol FHEI FEY AP A& S 7

I A e SR L

St
x=[lcosfds, y=] sinfds (14)

(132 (10)41¢] RlEZE HAILLS HEakd 4
g3bd st 2t '

d*0 _ w,(s -s,)cos8 1
ds’ d¥ (0 (15)
dx

c_ii%_ﬂ w,(s~s5,)c080 \ -0
a® - d¥() T Tods
dx

find W so that x(s,) = %2— =90

§=8,
‘L <
-

convert totwo 1™ order ODE

¢ '__ K 3 1vo(s—1;a}cosﬁ
k| [fe8x)) | 4
dx

with 8(0) =0,x(0) = plu = arbitrary)

v

Solve 8, « with plil

FIND pbi
ok

To find a—(s0 ), first define
2

oK(s, 1)

_ 88 _
E(s)= o0 and (s) N

Find E,m

é,—— 8 na
M‘%"ﬁ%@

with&(s=0)=0,n(s=0) =1
( since O is independent of wand x =\ at s=0)

%K—(so) =n(s,, 1)
W

v

checkx(s,)=0

]
Update pb = - W
op

Figure 3. The Newton iteration scheme to solve the
ordinary differential boundary value problem.

A Y-SR, A 37H A5 E 20009



AZo] A& A%, y gho] ¥
12y U= 7o) y=y(x)o) fﬂff& 3k 231 Abn|
WgAo] Hol A A¥E F + Yok

v _ W,Sh w, x°
By = 5 —<>_xw, s, +T (16)

2.2. /Xl why

HAE AL A (15)% SANHE oy
& AHgslel slg Falginh olsh 2o 25 wEwR

A2 e 2N 284U HE S (16)

Mt o] 27127 shisl AARA e Zo)x]
7] W2l 2712AL Yoje] Fho g sbgale) whny
AAS 43} Runge-Kutta o2 Z37 A9 73
AR (AN, )ds =0y T=3E2 Newton HEERe) 7]
Lless v‘f— shooting method[16]& AFR-3sldv}, = &=}
= Figure 39 YeR) Qo).

3. &1} g &k

=2 Q]

"4 HPolBS olgalel fE 27 Wy o
g A8 AAATE P45 98 2ol (ad
ARG BAES AER AMESAT 2ol Ale
gt olfr Fol7t FBo) Hls| AEs} FUsty de
Aol 71742 A Jo)7] whio]r), of2], Folgt

2 AR FAPL AR g B
oazﬂ-oElf_.E14 K7} FR=RsE=] H]A & =37k
A 4] Ao 98 Qe ok wok) o
=9 wIHARHE-FEM))S 257 3 KES-
FB2[1715 AH8stsict. 4878 B= mwEe-=8
A8l 712717F Bok HA AEL cantilever beam
U8 v SBYRANG Aol 3 mw% X -
AHER HEl] A g slasae. NEd 38
I Fole 2R, £F T 29 = EPE} =59 AF
ol @2td £ Ut} ¥ ERZ KES-FB2S AMLSF 23
A ";‘éﬁ—} cantilever beam 23& L gL oA

Ha3ic).

_>.~L

flo

Bomy

2

;
ox,
o

=

i

>k

!

32, Mas| 2ol 28 sl
2 Q7oA Fe A

°
Fa AEAR B AFos sHHslm Ao <8
APHI L BAlshe Aoz aokd 4 9o} Z]%-%
ALANZ 715t wEo canllever beam¢] &
Azl dgS vxA =) A4 AEL o) o]—O:]
ole] HE 7MeAS HEL E3io ‘%‘O}EA}ﬁ}. AR

Journal of the Korean Fiber Society, Vol. 37, No. 5, 2000

TR S5 A | 289

g
1]
b2t
—e— W=icm
o W=5¢cm
—w»- W=8cm
i -
-7 v T T v T T
[t 1 2 3 4 5 6 7
X, cm
(a) L=5¢cm

cm

X, cm
(b) L=8cm

Figure 4. Deflections of fabrics of different width(W)
(L: fabric length).
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Figure 5. Nonlinear bending property of the papér
measured using the KES bending tester.
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Table 1. Curvatures of paper and fabric strips 09
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