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Characterization of In-plane Shear Behaviors of Woven Fabrics
by Bias-extension and Trellis-frame Tests

Wonoh Lee™, Moon-Kwang Um’, Joon-Hyung Byun’, and Jian Cao

ABSTRACT

Three types of glass woven fabrics (plain, balanced twill, and unbalanced twill) having various sample sizes
and aspect ratios were tested using the bias-extension tests. Real-time deformation images, force, and
displacement data were collected. For the bias-extension test, the shear angle of the fabrics from the equation
based on the crosshead displacement and fabric size was compared with direct manual measurements of the
warp and weft angles as well as the optical measurement software. To determine the shear force, an analytical
equation was introduced considering the kinematics of the bias-extension test. The obtained shear behaviors
were further compared with the results by the trellis-frame test. The optical measurement methods showed that
the mathematical method was reasonable before the shear angle of the fabrics reaches 30° in the bias-extension
tests. Also, the bias-extension test gave consistent behaviors with the trellis-frame test only for isotropic and
homogeneous fabrics such as balanced plain and twill weaves.

it
i)
>
it
1o
u
N
o
N
ro
s
e
rl
>
)
i)
o Ix v &
ok

o o oX

S
N o 2
M o >

ddt %

4 omN o & of rE o
0]

Key Words : 2523 & (woven fabrics), WU ZTk7|5(in-plane shear behavior), HFQ1%A]E (bias-extension test), EZZ| A AlE
(trellis-frame test)

1.4 E AeEgas Ao FA dul Held 4w 9 4y
A7) whe] F2 oux §4E Aol HAsIE Ax

*+ S| A AT YR A B AT A B3R AT IE, wAIAAHE-mail:wonohlee@kims.re.kr)
* | AATUR Y RAT L BIAYRATLIE
** Northwestern University, U.S.A.



H#23% 5 5 9% 2010. 10 A A 9 EE A Ao o3t A& AR W A =4 H7} 9

Av 2 ZE BEojmet T2 95 gy 2 g

7] Eol=el T2 oyz] Hopgo|x] Eis] o]gE i 9tk
[12]. 9t obe}t EEIA R HHthAg ] 2t
Aol 719lete] B4et g4 2 iRk AAto] ﬁ%LEl% XP
B2 Hopoll A9 viEg] Edoluy EfYA uietA]
85t =o] Y= QUck3]. weEka AEET HE%
o]85t HFAIFL] AAtoll QlolA A AtolE} vlE UAE
=wsly] faAe AE SR FESt 7AEH AsE o
Fatar olo] w2 Fwst g Llo] a-HCH4)

AukARl AEEFAREE vto]a R vle(mm) 2719] A
& Z= d5499 iR o]Rojd E(tow) HR3A
e, o] o] &3 dEAA JYUHS FESTAR
TS 7HEste] ASfAIA of7]e] QEE vshe 4A4EW
(thermoforming)e] o|-§=a QIci[s]. &3] &E7tad AE &
SR Y FHL2 FAo f54E Folskr] {lal 7hdst

Loy 34, /199 Zesgas 549 g uok g
A3 34, ol Y7 HeR °lE°1 Zct st FA oA
L B 3ue 2 A=Y ARE WEY] 98 A
QF A& (vacuum thermoforming)o]i} F&iofoax] o] AL
Ha 9= wjx] tho] 9 (matched dle forming)o]y} thojof
=3(diaphragm) o] EHEET ek 53] olejst @ye
34 Fol AE EAAEY FH WY HEE WY AT ¥y

ojtt. webx ZE EFARS] WU At HPF o] et o]s)
7} AgEojof KAl 47 HA 2L 32 4 Ut

2E BRe] WY Mo My Frigers F
A AT Ed| A AlHo] AEIL gtk HEF
1S g ko] sl HAHwarp)el f1AHweft)©]
o] 45=F O|REE T E EAE A AHE 17
gsto] Flat WP AolE SHske WHeR | dA 9] o]
wj o dg] o]&%E 3 itk Harrisons[6]2 HaF QA% A
| AckgtAZ(shear locking angle) 7ol Wi #8381
Hell gof o] AR Y=g sk Aol vk
stk ey HE A AJE2 Al AR 9] WY
o] Extstal, HHZte] SAL flsiAl upHolut oln|A|
Ao] aEH, AugLEss 2457 ofre 9S
AL Qlck. EgE A53HT HIF A Al mA|l A%
& Fotol B9 114 9 TAof 7191g B0 ®iFgo] Z
=9 A Aol nA= Gl el B8k

EdyA AR Sl disl b=z uiFgE PAR
o] HAEEFAR Alﬁ% ARGt 4719 Mz le olg
o At WY R 5= JuFE A= 7] g H
A Aol sy Z*DFZ‘JJr Ad=E vwz gestal 2
HHer 24T 4= Qlvke AHE 7 Qlck #ak opug

l'll‘

o]

>~

Pﬂlﬂgﬂjnﬁﬂoﬁoﬁoﬂ

=)

N

ofl

_(?L

Baslel olo] ©e Aol AA7) ricEe Tl B
A2 A] Prodromou?} Chen[8]& EdzZ|A AlHS &3 &
o Fjsart HekgAel A G 2SR, FAE

B SO wlA A B Edels AYn @
el Aolg FstuA o}%‘;“%
sharma5 {1012 ElE Whel] W Ak A% Aol

Aol W A

o‘”’

1rrl Jlm o
1% o ox

22 AlFONA A Qo] Qgele] Z|9lateka Askc

£ ATl gloh 2o AW B B A% AP
o] 4§ W BE AT BAS ANIA e gL
AEE Y3kt AR 5 9 vl b2 aits
Ab R 2 H 2] (plain weave), w3 5-2Z](balanced twill weave),

Moo 10 mE wE w
AN ogh
fllo mﬁ;

v+ SZ(unbalanced twill weave)2] A £F2] &g A
%ELZHEE T T3 HF oA} AlFo|Ae] AlH
Zoul& wejste] 27] 7|8k 2Ado] Ak A%o| u]X:
i*}ohJ} stich wak ohet A2 BgARY A
o]%/g] x]x%izhzﬂ m o]g];(] H&]tﬂ_‘:_g o]gs]_oq

Ho =

Hzol Auae wmste] Bolth © ot Age Axd

Edex Aol o
o ofst g 24

R B8 XH;—&H 24kl Q)
Azoln] e 24

Ay r

Asjete] vlnE Fo WY A A
Aue) HEeg Blshlch

2. N4 AE

Fig. 10] A5k vhe} o] B2,

o
& SZA 07 Vetrotex Saint-GobainA}of A
X
2=

B woln Table 10] E4S U

o 3, WMesE SAsA, Atz

Aol AHSE HEES AT ARG
LAy

BE B HASAEL

Table 1 Fabric properties

Balanced Unbalanced

Type Plain will twill

Area density
743 1485 1816
(@m)
Yarn linear
density (tex) 1870 1870 2400
Thickness (mm) 1.2 2.0 3.3
Yarn count (picks/cm)
Warp 1.95 5.56 3.39
Weft 1.95 3.75 1.52
Yarn width (mm)
Warp 4.27 1.62 2.72
Weft 4.27 2.32 3.58
Plain weave Balanced twill weave Unbalanced twill weave

Fig. 1

Three types of woven fabrics.
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Fig. 3 Illustration of a fabric specimen under the bias-extension test.
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Fig. 4 Manual shear angle measurement.
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Fig. 6 Trellis-frame test.

7
"~ 20050 L2 0

fabric

o2 EdZA AIF A ZE o] Al ouA AA A
=l el ouAY S7HEE o838t ¥ 4 S [12]

5 49 o A%

B ATelAE AR e dolulg e Al ERe A
of WalA B A AFS Fastam Zzhe] Polulol of
A Table 20) Helsteict. welE WEe] AL 2o 2
ojulo] tjaq ThE A7leh e Ze] ojsiA thE Zolu]
2 e A5 sl AFstck Zolulst E MBS Aw
WMHL oL o] WAN 249 Tuold THEA e
E90] A5 EY gjHom WA Hoh BE #F AF A
BE e disieln, g St mmimines 41

stolch. AR Bt
A0 ofulx] S
710] IRl Ratwle] 1
SAjolu] 8% g},

ol 71Sske olst
Bolshef. ol B2 Ay A

U

Table 2 Sample size in the bias extension test

Length Width ;
Type (mr?w) (mm) Ratio (L:W)
230 115 2:1
. 300 150 2:1
Plain 300 100 31
450 150 31
240 120 2:1
) 300 150 21
Balanced twill 300 100 31
450 150 31
200 100 2:1
UnbtaI/ﬁTCEd 400 200 2:1
300 100 31
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Fig. 7 Plot of shear angle vs displacement in bias-extension test.
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Fig. 8 Tensile force vs. crosshead displacement: (a) plain weave, (b)
balanced twill, (c) unbalanced twill.
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