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Tougheningmechanism in refractory microstructure:

Discrete Element Method:

Reference:

a) Principles of Discrete Element Method (DEM):
• Elements  rigid body that move in 3D space;
• Interaction of elements  preserved by rheological mechanical models ex. spring 

model (figure 2a);
• Each element  translation and rotation motion  newton’s laws of motion;
• Explicit technique using small time steps.

b) Benefits of DEM ([5] & [7]):
• Helps us perform quasi-brittle analysis, multiphysics and multiscale simulation;
• Helps us preserve the realistic natural phenomena’s using the rheology’s (figure 2a);
• Element have mass and geometry (figure 2a);
• Computationally efficient in GPU aspects (figure 2b);
• Multiple crack nucleation, propagation, branching and failure (figure 2b).

b)a)
Figure 3: a) Discrete element discretisation with a spring model [4] b) multiple 

crack growth (granoo website)

a) Example of microstructure of interest: Alumina - aluminum titanate system 
• Matrix: Alumina with isotropic nature;
• Inclusion/aggregate: aluminum titanate with huge anisotropic nature.

b) Lattice spring model will be incorporated: No calibration step needed

Problem Statement:

b)a)
Figure 4: Model Material a) bi-phase system [5], b)  real microstructure [6]

c)b)a)
Figure 5: Lattice spring model a) 2D view [7], b) discretisation [8] and 

c) clear visibility of crack surface [7]

c) Boundary Conditions (BC), material routine and loading: 
• Free and periodic BCs (figure 5);
• Material routine: Elastic and Fracture model (Mode I);
• Thermomechanical model with tensile loading.

b)a)

Figure 6: BCs incorporates  a) free and b) periodic boundaries [1]

• To conclude, there is a strong relationship between the microstructure design and thermomechanical properties of refractory materials ([1],[2] & [3]);
• PhD08 focuses on understanding the influences of isotropic - anisotropic interaction in the microstructure to improve TSR using discrete element method.

• Temperature of thermal cycle  [1] figure 1d
• Percentage of aggregate present [2]
• Type of interaction between matrix 

(Isotropic) and aggregate (Anisotropic) [3] 
figure 1c

on promoting microcracks in the microstructure 
to insight on Thermal Shock Resistance (TSR)

[1] Kakroudi, M. Ghassemi, et al. "Influence of the thermal history on the mechanical properties of two alumina based 
castables." Journal of the European Ceramic Society 29.15 (2009): 3197-3204.
[2] R. Grasset-Bourdel, A. Alzina, M. Huger, D. Gruber, H. Harmuth, and T. Chotard, “Influence of thermal damage 
occurrence at microstructural scale on the thermomechanical behaviour of magnesia–spinel refractories,” J Eur Ceram Soc, 
vol. 32, no. 5, pp. 989–999, 2012, doi: https://doi.org/10.1016/j.jeurceramsoc.2011.10.048.
[3] T. Thi. Nguyen, “Numerical modeling of microstructure-properties relationships of refractories: micro-mechanical 
approach with the discrete element method. Diss. Limoges, .,” Thesis, IRCER, Limoges, 2019. Accessed: Dec. 03, 2019. 
[Online]. Available: https://www.theses.fr/2019LIMO0089
[4] D. O. Potyondy and P. A. Cundall, “A bonded-particle model for rock,” International Journal of Rock Mechanics and 
Mining Sciences, vol. 41, no. 8, pp. 1329–1364, 2004, doi: https://doi.org/10.1016/j.ijrmms.2004.09.011
[5] F. ASADI, “Micro-mechanical modelling of heterogeneous materials containing microcracks with Discrete Element 
Method (DEM),” PhD, IRCER, Limoges, 2021. Accessed: Jun. 22, 2021. [Online]. Available: 
https://www.theses.fr/2021LIMO0046
[6] PLEDEL Quentin (PhD Student), “Modélisation de l’endommagement thermique de la microstructure de matériaux 
réfractaires modèles par la méthode des éléments discrets ”
[7] D. André, J. Girardot, and C. Hubert, “A novel DEM approach for modeling brittle elastic media based on distinct lattice 
spring model,” Comput Methods Appl Mech Eng, vol. 350, pp. 100–122, 2019, doi: 
https://doi.org/10.1016/j.cma.2019.03.013.
[8] N. H. T. Nguyen, H. H. Bui, and G. D. Nguyen, “An approach to calculating large strain accumulation for discrete 
element simulations of granular media,” Int J Numer Anal Methods Geomech, vol. 44, no. 11, pp. 1525–1547, 2020

d)c)b)a)
Figure 1:  a) Microstructure, b) sintering process, c) thermal damage and d) non-linear mechanical response

Alumina - aluminum titanate system expose to thermal cycle introduces
thermal expansion mismatch

promotion of microcracks and 
debonding during cooling stage

shows non-linear mechanical response at 
room temperature

Past PhDs studied the influence of 

Figure 2: Wedge splitting and tensile test results


