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1. Introduction 

 Discrete lattice model [1] has been successfully used for description and representation of 

fracture processes that include crack formation and propagation. However, this model is limited in 

its ability to represent elastic continuum properties.  

In this work we present the procedure for choosing appropriate parameters that lead to correct 

elastic continuum response of model. 

2. Methodology 

 Discrete fracture model is based on discretization of the domain by using Voronoi cells and 

Timoshenko beams as cohesive links between them. Crack formation is result of separation of two 

adjacent Voronoi cells. In order to represent that phenomenon, embedded strong discontinuity is 

introduced in the generalized displacement field of each 2D Timoshenko beam [2,3].  
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Figure 1. Thick cylinder test 

 

In Figure 1, final crack patterns of thick cylinder subjected to an impulsive internal pressure for 

three different meshes are presented. We can see, that all three meshes are fragmented into four 

parts and only difference is that fragamentated parts are rotated with respect to each other. This 

model provides capturing complex fracture mechanism where both failure modes (mode I and 

mode II) are simulated.  

 

As previously mentioned discrete lattice models have limitations in their ability to represent elastic 

continuum properties of material [4,5]. In order to obtain appropriate global representation of 

continuum properties Young’s modulus and Poisson’s ratio with the lattice model, local lattice 

element (beam) axial and shear stiffness and their ratio Gb/Eb need to be adjusted [5,6]. For the 

purpose of obtaining correct global continuum properties with lattice model, uniaxial compression 
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test was performed (Figure 2 a)) in the linear elastic regime. Figure 2 b) shows relationship 

between Poisson’s ratio and the ratio of the beam stiffness Gb/Eb. Gb represents the beam shear 

modulus and Eb is elastic modulus which defines axial stiffness of the Timoshenko beam lattice 

element. Both modulus Eb and Gb can be considered as model parameters. For different Poisson’s 

ratio we got different ratio of the beam stiffness Gb/Eb and from certain stiffness ratio Gb/Eb we 

obtain proper ratio Eb /E, where E is modulus of elasticity of material (Figure 2 b)). As we can see 

by properly choosing Eb and Gb as well as their ratio, lattice model can represent correct global 

continuum properties of material. 

 

 
a) 

 
b) 

Figure 2. Uniaxial compression test - a) Specimen with measuring points, b) Relationship between the 

beam local stiffness ratio and computed Poisson’s ratio, elastic modulus ratio. 

3. Conclusions 

Discrete lattice models are effective models especially for description and representation of fracture 

processes with crack formation, development and propagation, however they have some 

disadvantages like the proper presentation of global continuum properties. In this work we show 

how to determine appropriate model parameters (Eb and Gb) for lattice model, which will ensure 

correct global continuum properties of material.  
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