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Abstract

A finite element method based on the two-dimensional progressive failure analysis considering
material nonlinearity is presented for characterizing the strength and failure of the unidirectional-fabric
hybrid laminated composite joints under pin loading. The 8-node laminated shell element is incorporated
in the updated Lagrangian formulation. Failure criteria including the Maximum Stress and Tsai-Wu are
used in conjunction with the complete unloading stiffness degradation method. For the verification, joint
tests are conducted for the specimens with two different ply-number ratios of UD composite to fabric
composite. Although there are some differences depending on ply-number ratios, the finite element
model using the maximum stress criterion considering nonlinear material behavior predicts the failure
strength best.
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Fig.1 Geometry of specimens

Table 1. Stacking sequence of joint specimens

Total +45°
Model f;\:);c(()ri) I\:;])i'egf thickness  volume

(mm)  ratio(%)

A n=0 8 0912 0

B n=1 10 1.308 30

C n=2 12 1.704 47

D n=3 14 2.100 57

E n=4 16 2.496 64

F n=6 20 3.288 72

G n=9 26 4.476 80

1 &
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Fig. 2 Experimental set-up
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Table 2 Failure loads by experiment

P Ave. Failure P Ave. Failure

Model (KN) mode Model (KN) mode

A 1.08 B E 5.78 B
B 2.02 B F 9.63 B
C 3.18 B G 15.27 B
D 4.54 B

Force(kN
o <]

Model G

Model F

0.4 0.6 0.8 1 1.2

Displacement(mm)

Fig. 4 Load-displacement curves
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Fig. 5 Various stiffness degradation models.
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Fig. 6 Joint geometry and boundary Conditions.
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Table 3 Comparison of finite element and
test results

Failure Linear Error Nonlinear Error

Model PewkN) Cliteria Proy(ktd) (56 Praw(V) (96)

MS 1.28 185 1.28 185
A 1.08

™ 1.30 204 1.30 204

MS 1359 -110 1687 105
G 15.27

™ 959 -372 1093 284

MS : Maximum Stress
TW © Tsai~Wu
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