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As a fictitious domain method, the Finite Cell Method (FCM) has been recently proposed for 

numerical simulation of a variety of problems in computational mechanics. The outstanding 

property of this method in comparison with the finite element method is in reducing the cost 

and time of mesh generation. It is especially useful for simulating complex geometries, 

porous or inhomogeneous materials. The main idea for mesh generation in the FCM can be 

seen in Figure 1. The physical domain   with all curved boundaries, pores, and inclusions is 

embedded in the domain e  which can be readily meshed into a Cartesian grid (cells) with 

quadrilaterals in 2D or hexahedrals in 3D. Cells completely outside of the physical domain are 

simply discarded. The boundary, pores and the different material properties are taken care of 

during the integration of the stiffness matrices of the cells. In this way, the effort for mesh 

generation is replaced with the numerical integration task, which can be performed in a fully 

automatic fashion. The quality of the finite cell approximation is controlled by both increasing 

the polynomial degree of the hierarchic shape functions and the accuracy of the integration 

procedure. A detailed description of the method can be found in [1-3]. 

 

  
Figure 1: The physical domain   and the embedding domain e . 

 

Continuum damage mechanics (CDM) has been extensively used in fracture analysis recently. 

The constitutive equations of the CDM can be divided into two main groups based on the 

continuum theory which has been employed: local and nonlocal continuum damage 

mechanics. Local CDM suffers from the mesh sensitivity problem; in nonlocal formulations 
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this problem is solved by introducing an averaged state variable in the physical domain: 

 

( ) ( ) ( , ) ( )x x y y dy   


     (1) 

In (1)   is an averaging operator,   is the averaged state variable and   is a weight function 

in the x y  Cartesian coordinate system. 

FCM is a good choice for damage analysis of structures with complex geometries or 

heterogeneous materials. Developing the finite cell method for a local damage theory is 

reported in [4] and its advantages and drawbacks are discussed. To overcome the mesh 

sensitivity and localization problems, a nonlocal integral formulation based on the average of 

the damage variable in the corresponding domain is used. The finite cell method is developed 

for this formulation to predict the crack initiation in ductile materials. The results are in good 

agreement with experiments and the literature. Despite the local damage constitutive law, the 

nonlocal formulation shows good convergence either by refining the mesh or by increasing 

the polynomial degree of shape functions. Figure 2 shows the geometry of a pre-notched bar 

as well as a comparison between damage parameter in FEM and FCM. 

 

 
 

 

 

 

 

(a) (b) (c) 
Figure 2: (a) Geometry of the notched bar, (b) FEM analysis of the damage and (c) FCM representation of the 

problem. 
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