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ABSTRACT 

This work presents the implementation of a thermally coupled Particle Finite Element Method 

(PFEM) and Discrete Element Method (DEM) to explore the continuous and discrete approaches 

for thermo-mechanical analysis of frictional materials in the presence of large motions and 
deformations. 

The PFEM uses a Lagrangian finite element mesh, combined with an efficient remeshing 

algorithm, to deal with complex engineering problems, such as those that involve large 
deformations, free-surface flows, and fluid-structure interaction [1]. In the PFEM thermal analysis 

developed in this work, the main features are the possibilities to apply different thermal boundary 

conditions, such as prescribed temperature and heat flux, and heat transfer by convection and 

radiation, including to the free-surface, in addition to set temperature dependent material 
properties. Furthermore, Newtonian and non-Newtonian constitutive laws are implemented for 

fluid elements, including Bingham and Herschel-Bulkley. 

On the other hand, the DEM represents materials as a collection of discrete particles interacting 
with each other, thus discarding the need to model the continuous behaviour of the medium with 

a constitutive law [2]. Instead, contact laws adopted for particle interactions govern the 

macroscopic material behaviour. A two-way coupling between the DEM and the thermal analysis 

was developed to simulate the propagation of heat through discrete element particles and the 
change of their properties according to temperature. Besides that, fluid flow can also be 

incorporated to the simulation. 

All the implementations were made within the open-source framework Kratos Multiphysics [3], 
and all features are available for 2D and 3D simulations. 

Some applications of the reported developments include thermally coupled lava and granular 

flow, and the use of granular materials for thermal energy storage. 
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