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Fracture Energy-Based Tension-Shear-Compression Softening Contact Model 

This document presents the application of linear elastic-softening contact models in 

tension, shear, and compression to incorporate in discrete element method. The proposed contact 

model utilizes the fracture energy concept and relies on the stress update algorithm embedded into 

the available explicit solution scheme in 3DEC. Note that developed contact models are suitable 

for quasi-static analysis of brittle materials (e.g., concrete, rock, masonry, etc.) and implemented 

for monotonic loading. 

Readers may find the mathematical formulations, applications, and sensitivity analyses of 

the proposed contact models in the provided references [1 6]. An example utilizing the proposed 

contact constitutive model is also given in the document. 
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In this example, two blocks are used to test the implemented softening contact model. The 

reference contact properties are given in Table 1, and generated geometry is shown in Figure 1. 

 

Table 1. Contact properties 
   * * 

  0.50, 0.75 35  

*  *   

5 60 120 8000  

 

 

Figure 1. Illustration of the two-block system, simulated in 3DEC. (Left) 3D view of the model, 
(Right) 2D view, and the vertical stress ( ) applied to upper block. 

 

Direct Tension: First, a direct tension test is performed, where the bottom block is fixed (no 

translation and rotation), whereas a constant displacement rate is applied to the upper block in the 

vertical direction. The contact forces are monitored during the analysis, and the stress-

displacement curves are recorded for different fracture energy values, shown in Figure 2. Note that 

assigned fracture energy magnitudes cover the total area under the stress-displacement curves. 
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Figure 2. Contact stress-displacement behavior (direct tension). 

 

Shear-Compression: Shear-compression response of the contact model is investigated using a 

two-block system. Different compressive stresses are imposed on the upper block to reveal shear 

strength increase at the joint (Figure 3). 

 

 

Figure 3. Contact stress-displacement behavior (Shear-compression). 

 

Finally, the compression and tension response of the implemented contact model is represented in 

Figure 4 to indicate the complete uniaxial behavior. 
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Figure 4. Contact stress-displacement behavior in tension and compression. 

 

  


