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Strength Analysis of Composite Double-lap Bolted Joints by Progressive
Failure Theory Based on Damage Variables

Sang-Kuk Kim*, Jin-Hwe Kweon**"

ABSTRACT: A three-dimensional finite analysis method was proposed to predict the failure of composite double-lap
bolted joints, which is based on the stiffness degradation method using damage variables and Hashin's three-
dimensional failure criteria. Ladeveze's theory using damage variables to consider the matrix/shear damage was
combined with stiffness degradation in fiber direction. Four different failure modes were considered including matrix
compression/shear, matrix tension/shear, fiber compression, and tension failures. The friction between bolt and
composite and the clamping force were considered using a commercial finite element software ABAQUS. The damage
model was incorporated using the user-defined subroutine of the software. The predicted result was verified with the
existing test result for bearing tension double shear and showed the deviation ranging 7~16% from test results.
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Fig. 1. Various failure modes of composite mechanical joints.
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Fig. 2. Typical damage evolution model [18].
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Table 1. Damage variable d,
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Fig. 4. Stress-strain hysteresis for laminate [45/-45],.
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Table 2. Damage variable d,and JV,,
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Table 3. BTDS analysis result

Test failure variable 1 variable 2
Ply pattern | load [19] | Failure | Error | Failure | Error
(N) load (N) | (%) |load (N) | (%)
Case 1 21,661 17,897 -17.4 | 25,180 16.2
Case 2 19,723 15,972 -19.0 | 18,501 -6.2

(b) Case 2 :[45/0/-45/90/0/0/45/0/-45/0],

Fig. 12. Dominant damage response (simulation, variable 2,
14" ply(-45°)). (M : damaged area, dotted line : head of
fastener).
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i E Attachment Points

Fig. 13. Double shear bearing test fixture assembly [19].
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