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Modeling the «stone seismometer»
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e A CAD-model is built from a point cloud Objective function
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Modal parameters —_—————————— > Design variables (6)
o~ = 8 frequencies: f , ) = Material properties (E, p,v
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Forward calculation (Modal Analysis)
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Singular Values of the Power Spectral Density Matrices [dB]
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* 2 Ambient Vibration Testings surveys E,=7.58 x 10° N/m? L tower (X)
e 83 measuremgnt pomts . . [4] p,=2654 kg/m? K =1.87 x 107 N/m
e 8 measured vibration modes (natural frequency, mode shape, damping ratio) 2
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Conclusion

e A continuum damage model [5] is used to identify the limit of linear model in displacement at strategic locations through * Historical documents allowed to quantify some damages and repairs related with past earthquakes; .
a pushover analysis. * The stratigraphical analysis confirmed historical sources data bringing more quantitative information. It also allowed to iden-

tify repairs and damages which were not described in historical sources (collapse of the lateral apses, overturning of the fa-
. . . . cade);
Validity of th? linear  Invalidity of the linear « Stratigraphical analysis and scanner data are used to design a CAD-based model;
assumption assumption e 2 Ambient vibration Testings surveys (in the bell tower and in the nave) provide 8 vibration modes;
v A \ e A vibration based-model updating using measured vibration modes and exhaustive information from the constructive history
of the church provides a reliable linear model of the building in its current state;
* A continuum damage model is used to evaluate the limit of the linear model of the church at strategic locations;
e 236 ground motions are selected from the ITACA database;
e Linear dynamic computations allow to discriminate ground motion keeping the church’s model in its linear regime and poten-
tially damaging signals.
. y,

™ B Outlook

Yielding point * An in-depth study of the results for other control points/IMs/pushover direction/IMs conbination/...

 The use of simplified model for the previous state of the church (before 1542);

 Characterizing ground motion is sensitive to the modeling strategy. Howerver, non linear dynamic computation can be highly
: time-consuming. In order to find a compromise other modeling strategies will be implemented (simplified approach, 2D, 3D
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0.00 0.02 0.04 0.06 0.08 0.10 models; etc);

* The work based on a single test site is not sufficient to constrain the source of the earthquakes, neither the impact of the allu-

* 34 selected seismic events from the ITACA database vial basin properties on the ground motion. The ACROSS project proposes to extent this approach to five bell towers dissemi-
e 236 selected ground motions (Mw > 5, PGA in [0.001g, 0.869]) nated in and around the Mugello basin.
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