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Abstract

Fundamental failure mode in a laminated composite pinned-joint is proposed to assess damage resulting
from stress concentration in the plate. The joint area is a region with stress concentrations thus a complicated
stress state exists. The modeling of damage in a laminated composite pinned-joint presents many difficulties
because of the complexity of the failure process. In order to model progressive from initial to final, finite
element methods are used rather than closed form stress analyses. Failure analysis must be a logical
combination of suitable failure criteria and appropriate material properties degradation rules. In this study, the
material properties which were obtained in previous study, the preparing process of the bearing strength test
for a pinned joint CFRP composite plate subjected to in-plane loading at low temperature, and the FEM result
of progressive damage model using ANSYS program are summarized to assess the structural safety of CFRP
plate used in the magnetic supporting post of KSTAR(Korea Superconducting Tokamak Advanced Research).
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Table 1 ASTM code and lay-up pattern of the CFRP

specimen
Test Lay-up pattern | ASTM code
Tension [0/90]¢s D3090
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200 300
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50
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Fig. 3 Curing cycle of the CFRP specimen
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Table 2 Mechanical properties of the CFRP specimen

Property Temperature( C)
24 -76 -196
Tensile strength(MPa) 614 457 372
T. Young’s modulus(GPa) 67 64 71
Compressive strength(MPa) 502 677 772
C. Young’s modulus(GPa) 54 54 57
In-plane shear modulus(GPa) 4.2 54 7.3
Inter-laminar shear s.(MPa) 79 85 81
Poisson’s ratio 0.09 0.08 0.08
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Fig. 8 FEM model with boundary condition for pinned-
jointed problem (a) edge uniform load, (b) hole
cosine load
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Fig. 4 Configuration of the bearing test specimen
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Fig. 6 Photograph of the bearing test specimens

Table 3 The number of bearing test specimen and shape

ratio
E/D
WD 1.0 2.0 3.0 4.0
2.0 - - 9? -
9, 9°
22 ) (KSTAR) i )
3.0 - - 9* -
a a 93,9‘) a
4.0 9 9 (ASTM) 18
5.0 - - 9? -

. Lay-up pattern [0/90]6s

b, Lay-up Pattern [+45] 65

D : Hole diameter(6.0mm)

T : Specimen thickness(2.7mm)
E/D : The ratio of edge distance and hole diameter
W/D : The ratio of specimen width and hole diameter
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