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Abstract

A Bridging Domain Phase Field (BD-PF) framework for modeling anisotropic damage in large-scale heterogeneous
structures is proposed. This efficient multiscale approach employs a bridging-domain strategy to couple an
overlapping coarse-scale homogenized model and a localized high-fidelity model. Reducing computational costs
relies on the use of coarse meshes for modeling damage at the macroscopic scale, and fine meshes in regions of
interest to accurately capture the crack nucleation and early stages of damage evolution. The coupling is achieved
using the Arlequin approach, where only the displacement problem is coupled through a variational formulation that
weights the energies of each subdomain in the overlapping zone. Damage at each scale is evaluated independently
using two different approaches. At the macroscopic scale, the recently developed M-DDHAD method is employed,
in which six internal variables are used to characterize damage of the RVE, while the phase field approach is
used for modeling damage in localized regions of interest. Numerical applications are provided, demonstrating the

potential of this framework for large-scale industrial applications.
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