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ABSTRACT

The Parthenon in 1687, Palmyra in 2015, the Great Mosque of al-Nouri in 2017, Beirut in 2020:
repeatedly exposed to accidental or deliberate explosions, cultural heritage is a symbolic and
privileged target of extreme loads. With the aim of protecting emblematic historical buildings,
this work investigates the dynamic response and failure of masonry structures subjected to blast
loads.

This is accomplished through advanced numerical simulations relying on the Discrete Element
Method (DEM) [1], considering the discontinuous nature of masonry, as well as the inherent coupling
between in- and out-of-plane deformations. DEM is here used to investigate the response of typical
load-carrying structural elements (e.g. walls, arches, and vaults) and the influence of various
mechanical parameters (dilatancy angle, tensile strength and cohesion of the masonry joints, and
building blocks size) [2].

Relying on DEM numerical results, we develop an engineering-oriented macroscopic modeling
approach, using the Finite Element Method (FEM), to analyze masonry buildings, at large scales,
and design passive protective devices. The approach is based on simplified upscaling techniques
and the smeared cracking model [3].

With the aim of performing multiscale analyses with reduced computational effort, we develop a
new, robust Deep Learning approach to identify constitutive models, herein defined as Thermo-
dynamics-based Artificial Neural Networks (TANN) [4]. We demonstrate the wide applicability
of TANN for modeling homogeneous and heterogeneous materials. The integration of the laws
of thermodynamics confers to TANN high degrees of robustness and performance compared to
state-of-the-art Artificial Intelligence constitutive models [5].

REFERENCES

[1] Cundall, P.A. and Strack, O.D. A discrete numerical model for granular assemblies.
Geotechnique, Vol. 29(1), pp. 47–65 (1979).

[2] Masi, F., Stefanou, I., Maffi-Berthier, V. and Vannucci P. A discrete element method based-
approach for arched masonry structures under blast loads. Eng. Struct., Vol. 216 (2020).

[3] Hillerborg, A. Modéer, M. and Petersson, P.E. Analysis of crack formation and crack growth
in concrete by means of fracture mechanics and finite elements. Cem. Concr. Res., Vol. 6, pp.
773–782 (1976).

[4] Masi, F., Stefanou, I., Vannucci, P. and Maffi-Berthier, V. Thermodynamics-based Artificial
Neural Networks for constitutive modeling. J. Mech. Phys. Solids, Vol. 147 (2021).

[5] Masi, F., Stefanou, I., Vannucci, P. and Maffi-Berthier, V. Material modeling via
Thermodynamics-based Artificial Neural Networks, In Geometric Structure of Statistical
Physics, Information Geometry and Learning, Eds. Barbaresco F., Nielsen F., Springer (2021).


