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Abstract 

This paper presents the results of static and seismic vulnerability analyses performed on a 
single-span masonry bridge located in Northern Italy. The structure, dated back to the 17th 
century, is a bridge with single-span of about 16 meters and height of 8 meters, built with 
rubble and irregular masonry. A preliminary static analysis was performed on the bridge 
through traditional graphic approaches such as the Méry’s rule and the Durand-Claye’s 
method. Afterwards, a kinematic non-linear analysis was executed once the collapse mecha-
nism under horizontal earthquake-type actions was identified. Finally, a static finite element 
analysis with brick elements was performed to state the seismic vulnerability of the bridge, by 
changing its mechanical properties to evaluate their influence on the structural response. 
Collapse load factors have been also computed considering non-uniform gravitational loads 
and horizontal settlements at the bridge foundations.  
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1 INTRODUCTION 

Premilcuore bridge 
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2 BACKGROUND 

2.1 Traditional graphical methods 

2.2 Rigid block and arch models for kinematic analyses 
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Premilcuore

2.3 Finite element and discrete element models 
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Premilcuore

3 CASE OF STUDY 

3.1 Geometry and masonry type 

Ponte Nuovo (New Bridge) Premilcuore

Rabbi
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3.2 Assumptions of the analysis 

Premilcuore bridge

Galileo-Rankine’s criterion
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3.3 Finite element model 

cut-off bars
non-structural masses

  

4 ANALYSIS OF THE PREMILCUORE BRIDGE 

4.1 Traditional / Graphical methods 
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4.2 Identification of the collapse mechanism and non-linear kinematic analysis 
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4.3 FEM analysis 

4.3.1. Nonlinear static analysis (gravitational loads) 

λ

λ
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Material λuniform λnon-uniform 

4.3.1. Nonlinear static analysis (seismic actions) 

Vb
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5 CONCLUSIONS 

Premilcuore  
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Premilcuore bridge

6 ACKNOWLEDGEMENTS 

7 REFERENCES 

Masonry Arch Bridges

Computational Mechanics

Computers & 
Structures Structures

Engineering Failure Analysis

Engineering 
Structures

Remote Sensing

Engineering Failure 
Analysis

697



Frattura Ed Integrita Strutturale

Buildings

Computers & Structures

IMSCI 2018 - 12th 
International Multi-Conference on Society, Cybernetics and Informatics, Proceedings

Engineering Structures

Construction and Building Materials

Engineering Failure Analysis

First International 
Congress on Construction History (Madrid, 20th-24th January 2003)

Engineering Structures

Applied Mechanics and Materials

Applied Mechanics and 
Materials

Composites Part B: Engineering

698



Journal of Composites for Construction

Materials and Structures

Buildings

SAHC08-
Structural Analysis of Historic Constructions

Structures

European Journal of Mechanics, A/Solids

Ingegneria Sismica

Bulletin of Earthquake Engineering

Meccanica

Materials and Structures/Materiaux et Constructions

COMPDYN 2017 - Proceedings of the 
6th International Conference on Computational Methods in Structural Dynamics and 
Earthquake Engineering

Soil Dynamics and Earthquake Engineering

699



International Journal of Structural Stability and Dynamics

COMPDYN 2019 7th ECCOMAS 
Thematic Conference on Computational Methods in Structural Dynamics and 
Earthquake Engineering

Earthquake Eng. Struct. Dyn. (Submitted To)

Engineering Structures

Bulletin of Earthquake Engineering

Earthquake Spectra

Engineering Structures

Frontiers in Built Environment

COMPDYN 
2019 7th ECCOMAS Thematic Conference on Computational Methods in Structural 
Dynamics and Earthquake Engineering

Bulletin of Earthquake Engineering

10th International Masonry Conference, G. Milani, A. Taliercio and S. Garrity 
(Eds.), Milan, Italy

700



IABSE Symposium

Engineering Structures

Frontiers in Built Environment

Ponti Della Romagna. Un Tesoro Nascosto

Towards a Resilient Built 
Environment Risk and Asset Management

Trattato Generale Teorico Pratico Dell’arte Dell’ingegnere 
Civile, Industriale Ed Architetto: Ponti in Muratura

Masonry Bridges for Engineers

International Journal of Solids and Structures

  XVIII 
Congresso Nazionale “L’ingegneria Sismica in Italia”, Ascoli Piceno 15-19 Settembre 
2019

Buildings

Buildings

Ponti in Muratura. Dizionario Storico-Tecnologico

La Verifica Degli Archi a Conci Lapidei

701


