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ABSTRACT 

This article studies the crack growth in mixed mode I-II using recent computational tools, 
namely the extended finite element method (XFEM) and the meshless technique: natural 
neighbor radial point interpolation method (NNRPIM). Different configurations of three-point 
bending (3PB) and compact tension (CT) specimens with modification to promote mode II 
loading were analysed. In addition, experimental tests with the modelled configurations were 
performed in order to evaluate the consistency and limitations of these approaches. 
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INTRODUCTION 

Crack propagation under mixed mode loading is found in multiple applications. With the 
development of new numerical approaches, several computational techniques are available to 
model effect of shear loads in the crack propagation. This article explores these tools, namely 
the extended finite element method (XFEM), [1-2] and the meshless technique: natural 
neighbour radial point interpolation method (NNRPIM). XFEM technique has great interest in 
fracture mechanics due to the capability to model with high precision discontinuities as cracks 
using enrichment functions. As the literature shows, comparing with the solution of linear 
finite elements, the NNRPIM is capable to produce more accurate and smoother stress/strain 
fields, which is an advantage in facture mechanics. 

NNRPIM is a truly meshless method which uses the Natural Neighbour concept in order to 
enforce the nodal connectivity. Based on the Voronoï diagram small cells are created from the 
unstructured set of nodes discretizing the problem domain, the “influence-cells”. The 
Delaunay triangles, which are the dual of the Voronoï cells, are used to create a node-
depending background mesh used in the numerical integration of the NNRPIM interpolation 
functions. Unlike the FEM, where geometrical restrictions on elements are imposed for the 
convergence of the method, in the NNRPIM there are no such restrictions, which permits a 
random node distribution for the discretized problem. The NNRPIM interpolation functions 
possess the delta Kronecker property, allowing to impose directly the natural and essential 
boundary conditions, [3]. 

In order to promote crack growth in mixed mode I-II, modifications were made to three-point 
bending (3PB) and compact tension (CT) specimens. The pre-cracks of the 3PB specimens 
were not located in the specimen symmetry plane, but in a parallel cross section, creating a 
mixed mode situation when 3-point bending was applied. Holes were machined in the CT 
specimens in order to promote mixed mode conditions. 

Experimental tests were performed on Aluminium alloy AA6082 samples, 20 mm thick, for 
validation of numerical XFEM and NNRPIM analyses.  
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RESULTS AND CONCLUSIONS 

Results comparison allows to understand the reliability of these new numerical tools and their 

applicability to complex stress conditions in structures. Figures 1 and 2 show results for both 

specimens tests with diverse configurations to obtain different mixed mode crack growth. 

 
Fig. 1 - Three-point bending test with misaligned crack. 

 

  

a) miss-hole configuration b) sinkhole configuration 

Fig. 2 - Compact tension specimen with mixed mode crack propagation.  
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