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Prove dinamiche in sito e «updating» di modello per la 
caratterizzazione di componenti non strutturali



Estratto del cronoprogramma e stato avanzamento attività OR2

OR 2.1: Caratterizzazione dinamica elementi non strutturali

OR 2.7: Modellazione numerica impianti

OR 2.8: Modellazione numerica partizioni e tamponature

OR 2.6: Modellazione numerica

completata

completata

completata

In corso



Workflow delle attività OR2
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non strutturale

Prova dinamica 
in sito

Updating di 
modello

Modello  
Calibrato

 Tramezzo in mattoni forati;

 Partizione vetrata con intelaiatura in legno;

 Partizione vetrata senza intelaiatura

 Tubazioni impianto antincendio; 

 Condotte di una unità trattamento dell’aria;

 Solaio in c.a. precompresso;

 Solaio in putrelle e tavelloni.

ARCHITECTURAL COMPONENTS

BUILDING UTILITY SYSTEMS

Componenti secondari a cui sono
connessi gli elementi non strutturali



Workflow delle attività OR2
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 Esecuzione di prove dinamiche (Tecnica OMA)

STRUMENTAZIONE: SIEMENS SCADAS XS
CAVI IN 

POLIURETANO 
SCHERMATI E 

SUPPORTI

DAQ SIEMENS
LMS SCADS XS 

SOFTWARE 
SIMCENTER TESTLAB

ACCELEROMETRI 
PIEZOELETTRICI 
MONOASSIALI 

PCB-393B12 

SOFTWARE 
Artemis modal pro

OUTPUTS:
 Frequenze 

proprie
 Forme modali
 Smorzamento

ATTIVITA’ OR 2.1
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 Sviluppo di modelli numerici in SAP2000 e Midas FEA NX

 Individuazione dei parametri da calibrare 
attraverso analisi di sensitività

 Calibrazione manuale al fine di ridurre le differenze in termini di 
frequenze e MAC (Modal Assurance Criterion)



Workflow delle attività OR2
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Prova dinamica 
in sito

Updating di 
modello

Modello  
Calibrato

Analisi parametriche per 
studiare il 

comportamento 
dinamico al variare della 
geometria, del materiale 

e delle condizioni di 
vincolo

Analisi sismiche con 
valutazione della 
domanda e della  

capacità

Applicazioni per il 
damage detection 
e l’early warning

ATTIVITA’ OR2.6- OR2.7- OR2.8 ATTIVITA’ OR4



Risultati delle attività svolte nell’ambito dell’ OR2
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Modello  
Calibrato

GLASS PARTITION

FramelessFramed 

ARCHITECTURAL COMPONENTS PARTITIONS



Framed glazed partition Frameless glazed partition

Typically installed as main entrance in 
historical buildings

Typically installed in 
modern offices 

Risultati delle attività svolte nell’ambito dell’ OR2
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Risultati delle attività svolte nell’ambito dell’ OR2
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 32 measurement points
 3 setup
 Sampling frequency= 100Hz
 Acquisition time=600s

setup 1

setup 2

setup 3

Framed glazed 
partition 



Risultati delle attività svolte nell’ambito dell’ OR2
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Frameless glazed 
partition 

 29 measurement points
 3 setup
 Sampling frequency= 100Hz
 Acquisition time=600s



Risultati delle attività svolte nell’ambito dell’ OR2
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 The data were low-pass filtered and downsampled at a rate of 50 Hz.

 The extraction of the modal parameters (frequencies and modal shapes) is carried out through the software 
ARTeMIS applying the Frequency Domain Decomposition (FDD) method 

 Three clear modes were identified  for each glazed partition

Framed glazed partition Frameless glazed partition

DATA PROCESSING AND MAIN RESULTS



Risultati delle attività svolte nell’ambito dell’ OR2
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PRELIMINARY NUMERICAL MODEL (SAP2000)

 Due to geometric and restraint symmetry the 
numerical models of half partition are developed.

 For the framed glazed partition, both glasses and 
wood panels are modelled by shell elements. 

 For the frameless partition shell elements are 
adopted for glasses and frames for the aluminum 
profiles. 

 At the initial stage, the restraints of the partition 
are modelled as fully fixed along the sides.



Risultati delle attività svolte nell’ambito dell’ OR2
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MODAL ANALYSIS OF THE NUMERICAL MODE
Framed 
glazed 

partition

Frameless 
glazed 

partition

The greater displacements are concentrated in 
the central part of the half partition for the 

framed one and at the side where the door is 
located for the frameless one. 

NUMERICAL-EXPERIMENTAL COMPARISON



Risultati delle attività svolte nell’ambito dell’ OR2
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Selected parameters (initial and optimal values)

Framed glazed partition Frameless glazed partition

MODEL 
UPDATING

To minimize the differences between the numerical and experimental dynamic characteristics by
changing some uncertain parameters, such as material properties and boundary conditions.
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 All three relevant natural frequencies are matched within 5% (expect the third mode of the framed partition).

 The high MAC values show a good correlation between the experimental and numerical mode shapes. 

CORRELATION AFTER MODEL CALIBRATION



Risultati delle attività svolte nell’ambito dell’ OR2
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A FIRE-SUPPRESSION SYSTEM WITH A MAIN NETWORK AND NASPO EQUIPMENT

1.25'' 3''

0.51

5.72

2.16

5.13

2.36

5.06

1.771.72

4.60

Piping network:
 epoxy powder-coated steel
 9 grooved elbows 
 Main line ϕ=3 inches
 Second line ϕ =1.25 inches
 anchored to the structure with rod hangers



Risultati delle attività svolte nell’ambito dell’ OR2

Selezione del 
componente 
non strutturale

Prova dinamica 
in sito

Updating di 
modello

Modello  
Calibrato

 5 setup
 21 measurements points
 9 accelerometers as roving sensors 

and 3 as reference sensors

AVT test: 

 fc = 200 Hz

 Tc = 15 min



Risultati delle attività svolte nell’ambito dell’ OR2
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DATA PROCESSING AND MAIN RESULTS

 The data were low-pass filtered 
and downsampled at a rate of 50 
Hz

 The extraction of the modal 
parameters (frequencies and 
modal shapes) is carried out 
through the software ARTeMIS
applying the Frequency Domain 
Decomposition (FDD) method

 Eight clear modes were identified 



Risultati delle attività svolte nell’ambito dell’ OR2
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PRELIMINARY NUMERICAL MODEL (MIDAS FEA NX)

Geometry Rod hangers’ restraints pipes’ restraints
 Pipes are modelled with frame elements 
 Fittings and elbows are modelled through rigid 

link elements
 Rod hangers are modelled through frame 

elements with a solid section with ϕ=12 mm
 it is assumed a pendular connection between 

the pipe and the hanger and a fixed constraint to 
the floor. 

 Distributed masses including the weight of the 
pipe and the water are assigned to each 
element. 

 The joints anchored to the structural wall are 
fully constrained



Risultati delle attività svolte nell’ambito dell’ OR2
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MODAL ANALYSIS

 The first eight modes involve 

the two horizontal directions 

and affect one or more 

segments of the pipe network. 

 The frequencies range from 2 

Hz to 20 Hz. 



Risultati delle attività svolte nell’ambito dell’ OR2
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 The fixed restraints of the preliminary
model (points 1, 2 and 3) are replaced
with springs

 The transversal stiffness (in the
direction orthogonal to the pipe line)
of the spring has to be calibrated;

 The initial value is 1000 kN/m which
corresponds to a fully restrained
condition.

 The unknown stiffnesses are defined
by fine tuning (manual updating) of the
numerical model.



Risultati delle attività svolte nell’ambito dell’ OR2
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The correlation obtained
after calibration is very
promising for five modes
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