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Abstract 
The finite element analysis program DIANA has been used since 10 years at the Engineering Department of 
the University of Ferrara for evaluating the load-bearing capacity of masonry historical buildings. Some of 
these studies have been published in international technical journals [1-7] and conference proceedings. [9-
11] 
The purpose of this presentation is to illustrate some of the more recent studies concerning historical 
buildings damaged by the recent 2012 Emilia (Italy) earthquake. In particular, such studies addressed the 
structural analysis of two medieval towers.  
The first one is the Fornasini tower, a XIII century watching tower located in Poggio Renatico, near Ferrara 
[9-11] which was severely damaged. Of particular interest are the nonlinear static analyses of the first floor 
vaults and a comparison between the push-over analysis of the whole structure, performed according to the 
Italian Building Code, and a full nonlinear dynamic analysis.   
The second one is the tower of the fortress of San Felice sul Panaro [6], one of the most significant monument 
which was strongly damaged by 2012 seismic events. These studies, not yet published, involve the large cross 
vault of the “room of  Julius II”; here a modal push-over analysis was performed instead of a regular push-
over analysis, since the participation mass corresponding to the first vibration mode was found to be less 
then 60% of the total mass. This type of analysis was already been successfully applied to the masonry 
Chimney of the Faculty of Engineering of Ferrara [5].  
Finally, the present contribution covers the studies done on the “Prospettiva di Corso della Giovecca” in 
Ferrara, where static, pushover and dynamic analyses were carried out in order to design an innovative 
seismic isolation system for the protection of heavy ancient marble pinnacle [7]. 
 
 
 

References  
1. E. MILANI, G. MILANI, A. TRALLI “Limit analysis of masonry vaults by means of curved finite elements and homogenization”   INT. 

J. SOLIDS & STRUCTURES  vol. 45, n. 20, pp.5258-5288, 2008.  
2. G. MILANI, S. CASOLO, A. NALIATO, A. TRALLI “Seismic assessment of a medieval masonry tower in the northern Italy: full non 

linear static and dynamic analyses” Journal of ARCHITECTURAL HERITAGE vol. 6 (5), pp.1-36, 2012. 
3. G. BOSCATO, M. PIZZOLATO, S. RUSSO, A. TRALLI “The seismic behaviour of a complex historical church in L’Aquila” Journal of 

ARCHITECTURAL HERITAGE ,  vol. 8 (5), pp.718-757,2014. 
4. G. MILANI, M. SIMONI, A. TRALLI “Advanced numerical models for the analysis of masonry cross vaults: a case-study in Italy”  

ENGINEERING STRUCTURES,76, pp. 339-358, 2014. 
5. F.  MINGHINI, G. MILANI, A. TRALLI “Seismic risk assessment of a 50m-high masonry chimney using advanced analysis techniques” 

ENGINEERING STRUCTURES, 69, pp.255-270, 2014. 
6. S. CATTARI, S. DEGLI ABBATI, D. FERRETTI, S. LAGOMARSINO, D. OTTONELLI, A. TRALLI “Damage mechanisms in fortresses after 

the earthquake in Emilia (Italy)”,  BULLETIN of  EARTHQUAKE ENGINEERING, 12,  5, pp. 2333-2365, 2014. 
7. A.CHIOZZI, M. SIMONI, A. TRALLI “Base isolation of heavy non-structural monolithic objects at the top of a masonry monumental 

construction” accepted for publication on MATERIALS and STRUCTURES, DOI 10.1617/s11527-015-0637-z 

mailto:michele.simoni@unife.it
mailto:tra@unife.it


8. M. SIMONI, S. MARZOCCHI, A. COLOMBI, A. TRALLI “A Medieval tower near Ferrara damaged by the Emilia earthquake” PROHITEC 
2014, Antalya, 2014 

9. G. MILANI, S. MARZOCCHI, F. MINGHINI; A. TRALLI “Seismic assessment of a masonry tower in the region stricken by the 20-29 
May 2012 Emilia-Romagna, Italy, earthquake” IX IBMC Conference 2014, Guimares, 2014. 

10. S. CATTARI, S. LAGOMARSINO, G. MILANI, M. ROSSI, M. SIMONI,  A. TRALLI “ Nonlinear Modelling of Fornasini tower after the 
2012 Emilia earthquake” SAHC2014 – 9th International Conference on Structural Analysis of Historical Constructions F. Peña & M. 
Chávez (eds.) Mexico City, 2014. 
 
 


	On nonlinear analysis of historical masonry monuments damaged by Emilia 2012 earthquake
	Abstract
	References


