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Abstract. In the present work, the importance of considering the exact nonlinear and three-
dimensional behavior of masonry structures is shown, in order to highlight all the structural 
deficiencies of different churches damaged by the last Centre Italy earthquake in the city of 
Camerino. For this purpose, the exact geometries of the structures are reconstructed, while 
information regarding the mechanical properties of masonry material are derived from pre-
vious investigations and literature references. Based on this information, different numerical 
models are used to reconstruct the damages.  
Different three-dimensional FE models, endowed with an elastic plastic (softening) damage 
constitutive law, are adopted to determine the seismic vulnerability of the building by means 
of nonlinear static analyses using the smeared fracture energy approach. With this method it 
is possible to establish, with a right degree of approximation, the areas where the most im-
portant cracks are expected and, in general, the location of the potential damage caused by 
horizontal forces.
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1 INTRODUCTION

(https://emidius.mi.ingv.it/ )
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2 CASE STUDIES

2.1 Historical development

Santa Maria in Via Church (S_M_V)

San Venanzio Church (S_V)
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Santa Maria Annunziata Church (S_M_A)

2.2 Geometric survey

Santa Maria in Via Church (S_M_V)

San Venanzio

Santa Maria Annunziata Church (S_M_A)
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Figure 3

2.3 Damage suffered during the Central Italy Earthquake
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3 NUMERICAL MODEL

4277



3.1 Dynamic analysis
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3.2 Nonlinear static analysis

Figure 9
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4 CONCLUSIONS 
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