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CONTACT PROBLEM IN BUCKLING ANALYSIS
OF DELAMINATED LAMINATES

Hu Ning Hu Bin* Yao Zhenhan
(Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China)
*(Department of Mechanical Engineering, Chongqing Iron and Steel College, Chongging 400050, China)

Hisao Fukunaga  Hideki Sekine
(Department of Aeronautics and Space Engineering, Tohoku University, Sendai 980-77, Japan)

Abstract In this paper, the buckling analysis of laminates with an embedded delamination
has been conducted by employing the finite element method based on the Mindlin plate theory.
To avoid the overlap between two delaminated layers in the buckling mode, an effective solution
method has been put forward to deal with the contact problem in the buckling analysis. In this
method, an iterative updating process incorporating the first-order sensitivity analysis and the
guadratic programming technique has been proposed to compute fictitious forces in contact area,
which can be used to calculate stiffness parameters of some artificial springs. By introducing the
contribution of these artificial springs into the structural stiffness matrix, the global stiffness can be
modified appropriately. Finally, the penetration between two delaminated layers in the buckling
mode can be prevented effectively through inserting these artificial springs into the overlapped
area. Numerical examples indicated that this method is very efficient to solve the contact problem
in buckling analysis. Its accuracy and converegence speed are very high. For the laminates with
an embedded delamination, the effect of the introduced contact analysis on the buckling load was
analyzed in detail. The numerical results demonstrated that the contact analysis is very important
for buckling analysis in some cases. It was found that inclusion of contact analysis to prevent
overlaps increases the buckling load, particularly, when the buckling mode changes significantly
after including contact analysis. Furthermore, the effects of various sizes, shapes and positions of
the delamination on the buckling load have been also investigated. Some important phenomena

have been revealed and several conclusions have been drawn.

Key words composite laminates, delamination, buckling analysis, contact analysis
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