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T. Nagashimat and M. Sawada®

! Department of Engineering and Applied Sciences, Faculty of Science and Technology,
Sophia University, 7-1 Kioicho, Chiyoda-ku, Tokyo 102-8554, JAPAN
E-mail nagashim@sophia.ac.jp

2Civil Engineering Research Laboratory,
Central Research Institute of Electric Power Industry,
1646 Abiko, Abiko-shi, Chiba-ken 270-1194, JAPAN
E-mail sawada@criepi.denken.or.jp

Key Words: XFEM, Cohesive zone model, Damage propagation

Damage propagation simulations of structures, is one of the most challenging issues in the
field of the computational fracture mechanics. In the present study, the extended finite
element method (XFEM) [1] using the cohesive zone model (CZM) [2] [3] is applied to
damage propagation analyses of rock mass and Carbon Fiber Reinforced Plastic (CFRP)
composite laminate.

In the proposed method, analyzed domain in 3-dimensional space is modeled by conventional
4-nodel tetrahedral finite elements, and crack is modeled independently of finite elements
through the framework of XFEM. Cracks are modeled by the level set method and finite
elements cut by cracks are classified into several patterns according to the level set values at
nodes and cut points. Such patterns are utilized for partition of elements and nodal enrichment.
Moreover, CZM is introduced to the crack, which is expressed as assemblage of cut planes.
In-house XFEM codes based on the proposed method were developed and applied to test
specimens of artificial rock and CFRP composite laminate. The developed code can consider
various cohesive zone models. The results including static/implicit dynamic/explicit dynamic
analyses were verified through comparison with those by the conventional FEM. It was
shown that the proposed method provides the appropriate results.
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