Fast seismic vulnerability evaluation of historical masonry aggregates
through local analyses: an adaptive NURBS-based limit analysis approach
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ABSTRACT

Masonry structures represent one of the most common structural typologies in historical centers
worldwide. Ancient historical centers in Italy constitute a wide part in the cultural heritage. Here,
masonry buildings have been erected in continuity to each other. Thanks to the numerous integrations
and addictions of new structural portions carried out during time, these structures result at now as
aggregates of constructions.

The structural behavior of masonry aggregates can be difficult to identify. First of all, modifications
performed during time make difficult to recover the documentation needed to achieve a complete
knowledge of the aggregate. Secondly, the identifications of the quality of design details, such as
connections between orthogonal walls and all the different masonry textures, is not always possible
without a high number of invasive investigations. Finally, a diffused damage pattern is often observed,
mainly given by soils settlements or previous seismic events, seriously affecting the horizontal load-
bearing capacity of these structures. Therefore, a global response of masonry aggregates to horizontal
actions is usually excluded. Recent seismic events in Italy (L’Aquila 2009, Emilia Romagna 2012,
Center of Italy 2016) have put in evidence the high seismic vulnerability of masonry aggregates,
showing a wide number of local failures.

In this work, an efficient computational tool aimed at studying masonry aggregates by means of local
analyses is proposed. A NURBS (Non-Uniform Rational B-Spline) representation of geometry is
adopted. NURBS entities, which are common in commercial CAD packages, have the great advantage
to describe complex geometries (such as curved elements and walls with a high number of holes) with
very few elements. An upper bound limit analysis formulation is implemented, in which the adopted
NURBS elements are idealized as rigid bodies with dissipation allowed only along interfaces. The
mesh of NURBS elements is progressively adjusted through a genetic algorithm in order to minimize
the live load multiplier. Details about this method can be found in [1-2]. This procedure is applied in
the evaluation of the horizontal load multiplier associated with the activation of local mechanisms
during a seismic event.

Two case studies, a masonry aggregates located in the historical center of Arsita (Abruzzo region,
Italy) and a row housing compound located in Sora (Lazio region, Italy) [3], are here presented. A
quick evaluation of the seismic vulnerability is performed through the presented NURBS-based
computational tool, showing the high importance of the local response in the study of the seismic
behavior of masonry aggregates.
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