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Abstract:

through-thickness reinforcement in the composite lamina. The analysis results indicate that stitch diameter, stitch

Parameter analysis is conducted on the bridging effect of the stitch which works as the

strength, incline angle, laminate thickness and laminate bearing strength influence the bridging curve and the
fracture energy, and even change the stitch failure mode. The finite element models are established in two ways,
i.e., connector and discrete cohesive element models, to simulate the mix-mode bending test for the stitched
laminates with the stitch bridging curve as input data. The two models are in good agreement with each other, and
both of them agree well with the existing experimental results. Compared with the discrete cohesive element
model, the connector model, needing less input data, gives a higher modeling and calculation efficiency.
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Table 2 The relation between m and mix-mode ratio

Cohesive Connector

" Gs/Gc Gc/(N/mm) G1/Go Go/(N » mm)
1000 0 636 0 52.8
2 0.112 465 0.112 38.6
1 0.281 441 0.281 36.6
0.5 0.505 408 0.505 339
0.2 0.731 201 0.731 16.7
0 1 285 1 23.6
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Table 4 Parameters used in the Cohesive
element for the laminate

Ty/MPa Ts/MPa  ke/(N/mm®)  Gy/(N/mm)  Gs/(N/mm) g
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Fig.12 The FEM of the stitched laminate under the MMB test
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Table 5 Parameters used in the Cohesive element for the stitch

ky/(N/mm’) ks /(N/mm’) Tyv/MPa
13623 2356 1613 1158
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Table 6 Parameters used in the Connector for the stitch
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Fig.13 FEM calculation results vs. test results of stitched
laminate under the MMB test
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Fig.14 Damage of the stitched laminate under the MMB test
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Table 7 Comparison on calculation efficiency between the
discrete Cohesive model and the Connector model
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