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Strength of Glass/Epoxy Fabric Joints under the Pin-Loading
Roh-Hwe Park’, Jin-Hwe Kweon Jong-Hoon Kim™" Joon-Hyung Byunm, 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 arc applied on the characteristic curve. The results of the
nonlincar analysis using the contact element showed good agreements with experimental data in both laminates
made of uni-dircctional 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.
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Fig. 1 Definitions for characteristic lengths.
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Table I Test results to determine the characteristic lengths
Specimen S1 S2 S3
Fail. Load(kN) 48.41 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

R Rt Roe2 Rocs
Value(mm) 2.71 0.20 0.22 0.71
Ru : Tensile characteristic lengths

Ro. @ Compressive characteristic lengths
Roar - Assumed distributed load
R..> : Assumed boundary condition

R.cs : Contact analysis
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Table 3 Strength of joint by Tsai-Wu and Yamada-Sun

criteria
Failure Pey : ) i
Criteria (kN) Primi (KN) Prema (KN) Prrma (kN)
Tsai-Wu 2.80 3.29 4.10
5.74
Yamada-Sun 4.98 497 6.17
Pria : Assumed distributed load
Piiap @ Assumed boundary condition
Pirmz o Contact analysis
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Fig. § Configuration of glass/epoxy fabric joint{unit : mm).
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Fig. 6 Test for characteristic length determination.
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Table 4 Test results to determine the characteristic lengths

Specimen S1 S2 S3
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
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Table 5 Tensile and compressive characteristic lengths

Rov/Roe Rat Roct Roc2 Ras
Value(mm) 4.04 0.70 0.40 1.35
Ro : Tensile characteristic lengths

Ro. : Compressive characteristic lengths
Roc1 © Assumed distributed load

Rac2 : Assumed boundary condition

Roc: 1 Contact analysis
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Fig. 13 Failure indices when the contact element used.

o AN Ashe deinw gl dalsel ok
&9 HIHY e At AER )
3 mu sestEe g g ke R
AAe 3e e Hgsts Wl
T AL BAR s
a sol7t gigra AP AEE 47t
H

A
‘?—i‘r“

g
2
_>.:
rlr rrL
oE
* r
2:3
e
mlru

& 3
e
e

o 70
7] HEZEdA e 'i"if‘éol As)go] uz} ‘3”335]' T2 ':'2%‘
9] ZAWstE dodste HIHE Y AAe 542 <
g AAX e e FF Fr1HA HEZ Bad RO
2 gadng

dhdaol FHolA BHY FHo] g wgke] gHE
dER 9] Aol 31818y T Yamada-Sun  TRE2
o) g A7} Tsai-Wu Fp&E21E ALL-¢E B 9o vl sh&

Fig. 14 Strength test set-up.

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

criteria
Failure P Preomi Prine
. Piins (KN
Criteria (kN) (kN) (kN) Hais (kN
Tsai-Wu 6.60 6.44 2.1
10.6
Yamada-Sun 7.00 695 12.3

Piimt ¢ Assumed distributed load
Piime : Assumed boundary condition

Puas ¢ Contact analysis
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