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Strength of Glass/Epoxy Fabric Joints under the Pin-Loading

AREEE

. oy e -
Roh-Hwe Park , Jin-Hwe Kweon °, Jong-Hoon Kim , Joon-Hyung Byun , Seung-Un Yang , Man-Hoe Koo

ABSTRACT

The strength of glass/epoxy fabric joints under pin-loading is estimated based on the characteristic length
method and experiment. To investigate the effect of finite element idealization for the contact between pin and
laminate, three modeling cases are analyzed; assuming the cosine load distribution around the contact area,
constraining the radial displacement at the hole boundary, and using the contact element. To study the effect of
failure criteria, Tsai-Wu and Yamada-Sun methods are applied on the characteristic curve. The results of the
nonlinear analysis using the contact element showed good agreements with experimental data in both laminates
made of uni-directional prepreg tapes and fabrics. In terms of failure criteria, Tsai-Wu method showed better
agreement with experimental results than the one by Yamada-Sun in fabric laminate.

x =

B =EdMe E4do] I d¥E Tl WaEE ¥ 3F FUREA Z5T AR ZFEE Hredoh
EAgoe] @ Fxo JE&g uXe= AxAEL ZFHE AFsY] H&, A FF] Foe FEd IR FFE HE
Aol Adg dAAARALE AYE AE, AHF2LE ALl vAdY 84S FYPse A+ 5 F AR P
o2 E4do] @ ArE ANtk EF AdF e Zxe AMEsE shE2Y JFE WA FEE Tsai-Wu #EA T
Yamada-Sun 3}&E2]-& ALR3Ete] A3RE vwslglth FA o2 o]Foj AFu YWe T ZYIE o|Fojy HFw
DR HELAF ALGE BAY Ao Adn g dXIE 2HE gt U ZeZyaws AEg
AP AdFMe G BE Fo| HHoZ o|Fofz fFe/dFA AAR AL Tsai-Wu &4 S AME-8 A7}

Agz o 2 dAFE & T A¥H
1. A & A oZ ALEFHJAT HZolE 24, 4 2L AEH
7t N9 L2 A4 IV A AY T FTrRE
HA EFAEE 5 7IAH EHAE ET73R HA o olz2rztA BEYsiA AMREI Qo gyt 24 72
F&X AR BE Fo& st F2 23 FEREAAT M9 sl E B3 A Fo] o}F e A

* BAEdge gl FEFea

**+ Aot 5 AFEE, 7R E7IE AT AH, 24 A ZHE-mail:jhkwon@nongae.gsnu.ac.kr)
xS T AAT Y

wrex QRYFSFAAGF)

*exex STl Std T 4

2
%



R BT M R L

8 Adstns Ao

gasl g BHA 2

Ho % ALE AEHE Yo} W8 Fa

AdE Ael Y wol AgHT Ak PHe BEY 2y
Zjl

AtgatE 71A1F Aol 7]

A, BE, 4 59 AdAE 55

ol W =l AZA ol $x ol

A B3 o]zlo] AAR

Rl
%

o

o [lf rlo o

o X oy off
IL.
e

A

B

ol Mg o
o

=
A

ok
rir

90 g

2 ofp

> rIF I'E

N,

N
N

X

2,
&
o

o
o aeu

4gel

;P;}o
i
Mool Rt

S

o oy
JE O‘W
2w
of\

()

54

o

=
ol
ot
rir
>'_L4

o]

e

>

(=

i)

2

>

-,

1o

o} it

ol

tio

v §2 Ho

I}

2 3

X olr
oo =

[

2o o
2y
o
o N
o o
ol o
2
N
i

o
12 o
b
>y X
ot

rlr

>

H

ki

o

u

2

>

%o
=

hr
o
lo

[+:0
o
N e
o
&
o
)
2
i
ofr
=0}
12
o
;rL
&
oA
+
o
-
|
o
° op

2 o xRt ode e opx lw oo {1
o o & o 4y g

_O‘L
S b Hir

44 23, BRG WAY ANS Faao} o)
AAelgol AHga7lel = 47 ek

488 £AHQ Pyol o8l AP ZEE A et
A4 SERY AED ge 499 AL e 2
bl 24149 AP BEE Aotsan

o}
o] (characteristic length) ¥ o]t}

Z

)
Q9

oo nE
%

A

2 o o
o

o
o M ooX
4z
=°é,
N
rflo
=
=,
=]
(43
~
)
4
=
£
=]
(9]
=,
Py
O
g
N
£
o
sk
o
i3
K3
o

THE AZE 93 FHAAY &S B%
2H dAgAUE doid A AHAM &
X $Ho FEEE Algste w
A BEREDGE dFARY & EAZo
Ao Mol 8- AgEd FHEg

AFEE I ot BEAZo] WS
Chang®} Scot[6]°]1] o]E& EAZo] /HdS &
3% M (characteristic curve) 7@ & X
o g2 U F
Zol9 YX&

3t o

11},

o et
oo e

o2 o
18
o
£
ry

3

)
oX
21"
fr L oE
o
i3 it
o
N
N [

%

2

>,

o

32

v

A

T

= N oM
o g
ST
Jn 4

24 i ]
forr 2 ok oox 2 ook ffr H 2 2 o o -

1 ox
o JHHa
i

2 8
W
> O
ol
4 B
EUQ
ol
= R
L =
o rlo
H”Jlm
003'..0
o MY
Jﬁﬁg
o
2
[N
==
i
=2
il
x 8
I
o >
A O - R

of¥
p

2
ofrt
1
e
=

Aol e

Hamada &

geticks AT EA B

l.;!

F ATH7-1

[8]12 4387 F3a48ldS 5319 Chang S[6]0] AAEH
AMEGTEA Bl MEdE HEH9 7)slatd g4
of wet Wates HAAAZ FAAD £ gHo) B
54dolg 9Tl EAste AW gxadFdor Fax
21 HogdaE AP e Sl FaozH AA AZ
5ol el uig gEA T FALsA Febct

@77 wasAc E
B2l EN YEBe) e

EEZ AZ" 4 e
B lei12,13].

o1l ANT R Al olslolE HHDo] WAL
Agstel B AR FEE dSset e AT

olFolA RAT, EHAolE ARAFFT} ohY2}, slehary
4¢ 5 oY A Msel met Wats F A=ATY
ol Fst7l MEe] A8 AA LAS A% A2 W
ygolh, wg AAT A8HE BgARe 7
2 R 342 Ad BA5o0] gol A8

ol |y of

AN
o2

Yo%

) flh“' jo
% 4z
i f“ﬁ

N

do

)

kI kb

R4

e
T A

to my Jh
e
&
ufu
=

O HII
2
Ok
32

o
U |
oX,

1% o
flo o

t
==

A Tsai-Wu 32|13} Yamada-Sun &4
o old w2 Zi}el aolE HEIULL F
MSC/NASTRANS o] &3}t

o
fo
b

2. 99 A

2.1 XM Zol(Characteristic Length)

e
o
2
)
lo
o,

bl
2

%;‘_& <) ST
stze] JhelA e Adole Hol T gEEFo] 78R
3, sFel FAG HAeAE TRAY $HYFo] o4
o 2 AFstEol AgstAl Ak oleF A% WA A



FIS% & 2

ER
=3

: 2002, 4 dstF5 & T

FARIEA B AR ALY 3

frt
w

ﬁ

Tensile

Tensile Stress

ompressive Stres:

‘Compressive
Strength
[(Bearing Strength)

U

(a) Tension.

(b) Compression.

Fig. 1 Definitions for characteristic lengths.
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Fig. 2 Definition for characteristic curve.
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Fig. 3 Finite element modeling methods for the mechanically
fastened joint.
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Fig. 4 Configuration of carbon/epoxy composite joint(unit :

t=3.08

mm).
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Table 1 Test results to determine the characteristic lengths

Specimen S1 S2 S3

Fail. Load(kN) 4841 36.54 7.01

S1 : Sound tensile test specimen
S2 : Tensile test specimen with a hole

S3 : Bearing test specimen

Table 2 Tensile and compressive characteristic lengths

Ra Rocl Roc2 Rocs
Value(mm) 2.71 0.20 0.22 0.71
Ru : Tensile characteristic lengths
Roe : Compressive characteristic lengths

Roet © Assumed distributed load
Roe2 © Assumed boundary condition

Roez : Contact analysis
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Table 3 Strength of joint by Tsai-Wu and Yamada-Sun

criteria
Failure Peyp
L - < EM2 Pre N
Criteria (kN) Previ (KN) Peenr (KN) Prema (KN)
Tsai-Wu 2.80 3.29 4.10
5.74
Yamada-Sun 4.98 497 6.17

Promi : Assumed distributed load

Prem2 ¢ Assumed boundary condition

Prms ¢ Contact analysis
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Fig. § Configuration of glass/epoxy fabric joint(unit : mm).
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Table 4 Test results to determine the characteristic lengths

Specimen NI S2 53

Fail. Load(kN) 31.10 26.30 12.22

S1 : Sound tensile test specimen
S2 : Tensile test specimen with a hole

S3 : Bearing test specimen

49 Ashs wgoz 4F0) Q= A wolY AW
o U FRarNNE Fastd AT Gl ae —E—
$& b W) w5

=34 Aart dekA oﬂxﬂoﬂﬂﬂ UF{W}
Az 43l g Jtete H&%‘% A MR gelshi A
A5g 7otk 2tz digk S4dole Fae #HAL
7~100] E<Ql upe} Zm, BEAAolE Table 59| 0‘4

T ZHZavHE AES Ao A e 5
A FF22E AR Ffo B4l AR 2 A L}E}

X,
IU



WISH 8 2 ¥ 2002 4 AL

E

AelEN BH 45w ARY BE

1000
800 L
< 600 [
w -
7]
:ii -X
@ L%
2400 oY,
2 - Tensile Srength of unnotched laminate
# _- Terosncvons O
200 | - Rot=4.036 mm
Oilll‘l"‘-'illll‘
0 5 10 15 20

Distance from Hole Edge (mm)
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Table 5 Tensile and compressive characteristic lengths

Ro/Rae Ra Roet Roe2 Rocs

Value(mm) 4.04 0.70 040 1.35

Ra @ Tensile characteristic lengths

Ro. : Compressive characteristic lengths
Rocr @ Assumed distributed load

Rucz © Assumed boundary condition
Racz : Contact analysis
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Fig. 11 Failure indices when the cosine distributed load used.
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Fig. 13 Failure indices when the contact element used.
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Fig. 14 Strength test set-up,

Table 6 Strength of joint by Tsai-Wu and Yamada-Sun

criteria
Failure Prp Priv Prinz o
Criteria (kN) (kN) (kNy  Frow (kN)
Tsai-Wu 6.60 6.44 121
10.6
Yamada-Sun 7.00 6.95 123

Prmi : Assumed distributed load
Peemz © Assumed boundary condition

Prgmz :© Contact analysis
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