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Abstract

Conservation and protection of art works is a primary goal of each community, since arti-
facts represent a fundamental cultural and economic asset. In most cases, art goods are ex-
hibited in Museums, which are appointed for their protection. Some of them, however, are 
exhibited outdoor, since they are conceived and made to enrich the public areas. In these cas-
es, the art goods result to be even more vulnerable, since they are subjected both to natural 
hazard (i.e. earthquakes and floods) and to vandalic attacks. Art works have an intrinsic vul-
nerability, due to their irregular shape, slenderness, fragility and to their oldness. This paper 
is focused on the dynamic response of statues to blast explosion; a valuable case-study, i.e. 
the Fountain of Neptune, located in “ ”, in Florence. The 

is a marble and bronze opus made by Bartolomeo Ammannati between 1560 and
1565. The main character of the Fountain, Neptune, is a marble statue 5.7 meters tall, with a 
weight equal to 11.5 ton. A preliminary laser scanner survey has been made to achieve the 
geometrical representation of the statue. The geometrical model has been arranged, in order 
to be used for structural analyses. A numerical analysis has been performed to find the dy-
namic response of the statue to the loading resulting from a blast explosion. Such response 
has been found by assuming the explosion of assigned amounts of TNT. Some different cases 
have been considered, and a limit loading condition has been found for the blast, as a func-
tion of its amount.

Keywords:

1125

COMPDYN 2021 
8th ECCOMAS Thematic Conference on 

Computational Methods in Structural Dynamics and Earthquake Engineering 
M. Papadrakakis, M. Fragiadakis (eds.) 

Streamed from Athens, Greece, 28 - 30 June 2021 

Available online at www.eccomasproceedia.org 
Eccomas Proceedia COMPDYN (2021) 1125-1134 

ISSN:2623-3347 © 2021 The Authors. Published by Eccomas Proceedia.
Peer-review under responsibility of the organizing committee of COMPDYN 2021. 
doi:10.7712/120121.8550.18862



1 INTRODUCTION

Bartolomeo Ammannati

2 THE CASE-STUDY

2.1 The Neptune Fountain
Piazza della Signoria Bar-

tolomeo Ammannati Cosimo I de’ 
Medici
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Figure 1. The Fountain of Neptune

2.2 The statue of Neptune

Table 1. Mechanical properties of the marble

2.3 The structural model
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Figure 2. Geometrical and structural models.

3 THE BLAST ACTION
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Table 2. Main data regarding the blast loading.
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4 THE ANALYSIS

4.1 The preliminary investigations

Figure 3. Direction of analysis of the sculpture
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Figure 4. Position of the sculpture within the Fountain

Figure 5. Modal shapes of Neptune.
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dlim

1.39 m 

Figure 6.  Maximum stress (Pa) 
under gravitational loads

Figure 7. Top displacement at the overturning

h

4.2 The dynamic analysis
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Figure 8. Duration of the analysis and loads timing.
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Figure 9. Displacements histories for the case # 1 (W = 10 kg)
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Figure 10. Displacements histories for the case # 2 (W = 50 kg)
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5 CONCLUSIONS 
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