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ABSTRACT 

Rigid particle models taking directly into consideration the physical mechanisms and the influence of 

the material grain structure have been developed for fracture studies of quasi-brittle material such as 

rock. Initially, the proposed circular/spherical rigid particle models were not able to match the ratio 

of the compressive strength to tensile strength that occurs in rock and the predicted macroscopic 

friction angle was much lower than the known hard rock experimental values. For this reason, several 

enhancements have been proposed to address these issues, namely the use of a clumped particle 

logic, the increase of the number of contacts per particle, the adoption of a polygonal/polyhedral 

grain structures.  

With the same purpose, a 2D rigid particle generalized contact model (VGCM2D-Rigid) has been 

proposed [1] that properly reproduces the rock friction angle, the rock tensile strength to compressive 

strength ratio and the rock direct tensile to indirect tensile ratio, while keeping the simplicity and the 

reduced computational costs characteristic of circular particle models. More recently, the model has 

been extended to 3D [2]. Both particle models consider in an approximate way the 

polygonal/polyhedral grain geometry. The 2D and 3D particle models have been further extended to 

include in an approximate way the particle deformability by considering in each grain an inner finite 

element mesh (triangles or tetrahedra).  

The 2D flexible particle model is tested against known experimental data on granite rock, namely 

biaxial tests and Brazilian tests. The obtained results are compared with those obtained with a rigid 

particle model with similar contact strength properties and with a flexible particle model, where the 

flexibility is due to the inner discretization of the grain with smaller particles. The analysis that is 

carried out shows that by including the particle deformability a more realistic hard rock macroscopic 

behaviour is predicted even if, for computational reasons, a simplified circular particle interaction is 

adopted. The results also show that the proposed 2D flexible particle model can predict a behaviour 

similar to a flexible particle model through inner particle discretization that is more computational 

demanding.  It is also shown that when compared with a rigid model, the flexible model requires a 

smaller value of contact fracture energy to give a good agreement with known the experimental data.  
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