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We propose the simulation method, which involves discontinuous deformations caused by the 

ductile fractures. Estimating the critical situation of some kinds of structures, so called failure 

mode, or the accurate shape and dimensions in metal workings are natural requirements in 

many fields of engineering. Lately, the finite element simulations play important roles to 

achieve these processes, and have been developed for many complex physical behaviors. 

However, the ductile failure simulation under the large and plastic deformations is still one of 

the unsolved problems in the computational mechanics. 

 

The fracture simulation of structures contains the birth and the growth of discontinuities in 

continuum bodies, and these simulation methods have been developed mainly in the fracture 

mechanics. eXtended FEM (X-FEM) is well known methodology to simulate the crack 

propagations mainly in the linear elastic bodies. This method can easily simulate the growth 

of discontinuity (crack) by the virtue of enhanced approximation function and the stress 

singularity around tip of cracks. On the other hand, the Finite Cover Method (FCM) [1] is also 

proposed as generalized finite element method and its capability to simulate the crack 

propagations. An advantage of FCM is that the treatments of the birth of discontinuities is 

easy by the virtue of the “cover” concept. 

 

The damage models, which are typical material models for the ductile failures, have been 

developed by many researchers. Most of these models are based on the “damage” concept, 

that is, some damages, or the volume fractions of micro voids, are stored in the material and 

soften the material stiffness. However, their implementations to the simulation programs are 

mainly by the FEM with special techniques, such as, the node separation, birth and death of 

element or remeshing, for the discontinuity. These poor implementations cause low resolution 

of newly generated free surfaces and strong dependency on the mesh. The FCM is one of the 

candidates for the implementation to avoid these mesh dependencies.  

 

Conventional FCM uses the constant strain triangular (CST) element for discretization, since 

they are easy to create new discontinuity. However, these low-order elements have some 

critical problems in large and plastic deformations, so called volumetric locking. Volumetric 

locking occurs due to incompressibility of the plastic deformation. To avoid this difficulty, we 

employ the P1-iso-P2/P0 element [2] to our FCM codes. Fig1 shows the element shape and 

Fig2 shows the degree of freedom for the employed element. P1-iso-P2/P0 element is firstly 

introduced for the CFD analysis to deal with the incompressibility. In addition the volumetric 

strain and the pressure are assumed constant within the element. 
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Fig.1 Splitting triangle Fig.2 Degree of freedom for present element 

 

 
Fig. 3 Geometry and constraints for three-point bending 

 

 
Fig. 4 Result for three-point bending using P1-iso-P2/P0 element (Y direction stress)  

 

Some representative simulations for ductile fractures are demonstrated, in which, the well-

known damage model is used to define the material failure, the birth of discontinuity. We use 

the both CST element (conventional) and P1-iso-P2/P0 element (present) for discretization in 

order to confirm the efficiency of our FCM codes. The first example is tensile stretching 

problem, which is the simple situation. In this example, the typically ductile fracture occurs, 

thus the result shows our codes estimate the ductile fracture more efficient than conventional 

element and verify the our codes work normally. The second example is a plane strain single 

notch beam subject to three-point bending. Fig.3 depicts the geometry of the problem. Fig.4 

shows the result obtained using our FCM codes. The red line expresses the discontinuity. The 

stress is high near the crack tip because the deformation concentrates in the formed crack. 

 

In summary we implement the damage model and P1-iso-P2/P0 element to the FCM in order 

to improve the ability to estimate the ductile failure and plastic deformation. Consequently the 

results using our codes show the improvement of the initiation and growth of the 

discontinuities.  
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