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Abstract 

Multilevel domain decomposition approaches have been shown to be successful in efficiently 

studying the nonlinear response of heterogeneous structures, especially when the principle of 

scale separation ceases to be valid due to the occurrence of strain localization phenomena [1–

4]. These approaches have been recently applied to the damage analysis of masonry structures, 

usually in the framework of first-order (i.e. Cauchy) macro-continuum models [5]. 

In this work, a refined approach for the multiscale failure analysis of masonry structures is 

presented, which adopts a couple-stress homogenization approach to derive the overall elastic 

moduli for the undamaged masonry [6]. Couple-stress continuum model can be regarded as a 

constrained version of micropolar continua [7–9], for which the role of relative macro-/micro-

rotations is neglected. Damage is taken into account at a conventionally defined microscopic 

scale, at which mortar joints are explicitly modeled as zero-thickness cohesive interface 

elements embedded in a finite element mesh representing the adjacent units. 

Furthermore, an adaptive model refinement strategy is provided to increase the computational 

efficiency of the proposed multilevel domain decomposition method. Such a strategy requires 

the definition of a zoom-in criterion able to replace the homogenized macro-elements with the 

corresponding microstructures. To this end, a microscopically informed first failure surface is 

derived, relying on the detection of incipient damage nucleation at mortar joints. 

The proposed multilevel strategy is validated via different numerical experiments devoted to 

the nonlinear analysis of masonry panels subjected to various loading conditions. Finally, 

suitable comparisons with experimental results and other numerical approaches are presented. 
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