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Vademecum for the seismic verification of existing 
buildings 

Introduction 

This document aims to describe the process that leads to the seismic verification of a building by 
use of a neodeterministic approach (NDSHA, Panza et al, 2001; 2012) for the calculation of the 
seismic input, with control of the phase of numerical modeling of the building using free vibration 
measurements of the real structure. 

The Italian legislation rules referred to are the technical standards for buildings: Norme Tecniche 
per le Costruzioni (NTC 2008) Ministerial Decree of date 01/14/2008, and the Circular 617 of date 
02/02/2009.  

Originally the required seismic verification for buildings of a strategic nature and of significant 
interest was introduced in Italy by Ordinance 3274/2003.  

An effective strategy for mitigation of seismic risk depends essentially on three factors:  

a) the reasonable estimate of seismic hazard, i.e. the realistic description of expected 
earthquakes and of the effects related to the propagation of seismic waves; 

b) assessment of the vulnerability of the structures and infrastructures in the study region, 
depending on their technical-structural characteristics and on the expected ground motion in 
case of a strong earthquake; 

c) exposure assessment of these facilities and infrastructures (i.e. their "value", taking into account 
the contents in terms of both human lives and objects). 

To significantly reduce the risk associated with earthquakes iit s necessary to use advanced 
seismological methods for the realistic estimate of seismic hazard, as suggested at the point 
C3.2.3.6 of Italian Circ. 617/2009 of legislation rules.  

This approach, however, if not combined with the appropriate monitoring of the response of the 
building modelling and calculation phase, which commonly is conducted by the engineer, could 
not adequately exploit the hazard model, no matter how accurate it is. 
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Scenario based Seismic Hazard Assessment (NDSHA) 

A reasonable estimate of the hazard at the site of interest can be obtained by calculating the 
seismic input associated with a series of “scenario earthquakes”: considering a set of seismic 
sources located within homogeneous seismogenic zones and assigning, within each zone, a 
representative type of seismic source (focal mechanism). The seismic moment (which is a 
quantity indicative of the energy released by an earthquake) associated with each source is 
estimated considering the maximum magnitude inferred from the seismic history of the area of 
interest, supplemented by additional information available, such as the seismic potential of the 
active faults (e.g. DISS, 2010) and the morphostructural analysis (e.g. Gorshkov et al., 2013). The 
value of magnitude must be considered close to the Maximum Credible Earthquake (MCE) for the 
area concerned, which, in the case of uncertainties, can be assessed by a parametric study ad 
hoc, quite easily done using NDSHA. 

The seismological and morphostructural analyses then allow for the definition of the “scenario 
earthquakes", i.e. of the strong earthquakes that may take place in the region of interest, and then 
for the modelling of the seismic input at predetermined places. The seismic sources thus defined 
are in fact used to generate a database composed of accelerograms obtained by the realistic 
modelling of the ground motion, carried out using the physical-mathematical principles that are at 
the basis of the generation, propagation and local amplification of the seismic waves, as 
suggested by the Italian regulation (§ C3.2.3.6 and § 3.2.3.6). The seismological modelling 
provides parameters that, transformed into engineering terms, may allow for a reliable and proper 
assessment of the load to be borne by the structures of particular relevance (e.g. bridges, dams, 
industrial areas at risk, hospitals, schools and buildings of considerable historical interest) in case 
of a strong earthquake, allowing for the verification of the suitability of the design of the structures 
present in the study areas and of the sites where they insist. The engineering analysis to estimate 
the full non-linear response of specific structures, in fact, requires an appropriate description of 
the ground motion through complete seismograms, while the traditional methods for the seismic 
hazard assessment only provide peak values and they are difficult to generalize. 

The realistic modelling of ground motion, coupled with an adequate representation of the 
behaviour of structures, may allow preventive estimation of the global physical damage, allowing 
for the identification of the structural measures useful to the consolidation, where possible, and to 
the safeguard of the civil works and urban settlements, including innovative technologies such as 
seismic isolation and energy dissipation. 
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Modelling and seismic verification of the building  

The phase of numerical modelling of the building is partly made in advance and in part 
accompanied by the survey of the geometry, of the structural characteristics and of the materials 
that compose it. This phase, in line with the level of knowledge you want and can achieve, in the 
case of Italy, is described in detail in Circular 617/2009 of legislation rules. It will also condition the 
type of numerical analysis which can be performed by imposing certain limitations among linear, 
non-linear, static or dynamic. 

In the correct modelling of existing buildings it can not be ignored, alongside the traditional 
approach of numerical modeling, the careful vibrometric analysis of the building. The vibrometry 
study allows the engineer to adjust and refine the computational model in the direction suggested 
by the experimental result of a physical measurement. If this is accompanied by parallel 
neodeterministic study (NDSHA) of the site-specific seismic input, adequately contemplating all 
scenarios resulting from different source mechanisms, then the approach can work both in the 
direction of getting models with the dynamic behaviour as near as possible to the real one and in 
that to apply to the same models the accelerations that result in the verification phase most 
conservative. For a better understanding of these concepts see Figure 1, where it is represented 
a regulatory response spectrum obtained from NTC 2008 legislation rules, which is used as 
seismic input. 

Figure 1. Example of regulatory response spectrum from the Italian legislation rules, where the highlighted 

interval IE refers to vibration periods typical of masonry buildings. 
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The interval IE realistically represents the free periods of types of masonry buildings, three/five 
floors, characteristic, for example, in the area of Borgo Teresiano in the center of Trieste. This 
interval, for the building being tested, can be identified by an engineering study (i.e. calculation 
model and modal analysis), but, although not specifically required by law, must be validated 
through a vibrometric study and properly adjusted, if necessary. 

As it is evident, this interval represents the input zone on the horizontal axis which allows to obtain 
the value of the accelerations to be used as input for the masses of the structure. 

The NDSHA method as already said allows to define, for the building site, a series of “scenario” 
spectra whose spectral acceleration, with particular reference to the range IE, generally do not 
coincide with those that are obtained using the standard spectrum. The example of Figure 2 
shows the “scenario” spectra for a site in the center of Trieste, precisely in Borgo Teresiano, and 
the range of accelerations IA which would input the structures with the adoption of such spectra. 
This suggests that the interval IA defines the possible deviations of acceleration with respect to 
the spectrum obtained from the INGV gridded values. 

Figure 2. Acceleration range IA which would affect the buildings characterized by free periods 

corresponding the interval IE. 
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Generally, but not necessarily, the “scenario” spectra lead to higher accelerations than those 
which are deduced by taking the spectra from NTC 2008 (Nekrasova et al., 2015). The task of the 
verifier engineer is to decide how to act so that the solution of the verification is conservative and 
realistic. 

One possibility is to amplify the regulatory spectrum through the stratigraphic amplification 
coefficient (Ss) so as to mediate the difference in accelerations that is obtained from the 
comparison between the spectra. In this case, the acceleration peaks are neglected but at the 
same time in the numerical models will be used acceleration values higher than those of the 
spectra from legislation rules. 

Figure 3 can be read as a summary of the process: once calibrated the model by vibrometric 
analysis, you can “enter” in the spectrum by adopting the correct range of periods and then "get 
out", through appropriate amplification that takes into account “scenario” input, realistic values of 
acceleration to be applied to the calibrated model. 

Figure 3. Acceleration range IA corrected using vibrometric analysis and estimation of the amplifications 

obtained by shaking scenarios  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Appendix 

Proposed operational flow:  
seismological-engineering scheme
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Seismic verification of existing buildings
Operational flow
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Seismological elaboration 
Regional scale

Characterisation of the bedrock model for each cell

Regional structural model
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Seismological elaboration 
Regional scale

Definition of the seismic sources with the eventual inclusion of seismogenic nodes

Seismic sources
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Seismological elaboration 
Local scale

Definition of the geologic section and of the geotechnical parametrisation

Local structural model

Seismological elaboration 
Local scale

Definition of the sources from the DISS database (INGV)

Seismic sources
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Seismological elaboration
Seismic input from the local scale modelling

Input sismico

Response spectrum from synthetic accelerogram 

 
!

 
Figura 11: accelerogrammi sintetici per il sito di Palazzo Galatti per lo scenario P3 a) 
M=6.0 

 
Figura 12: spettri di risposta SA 5% per il sito di Palazzo Galatti per lo scenario P3 a), 
M=6.0 
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Engineering elaboration
Information acquisition

la realizzazione delle prove sclerometriche.

Nella figura successiva per il secondo carotaggio, è visibile la carota n. 2 alla base del 

setto 4.

Fig. 10

Si veda a lato della traccia due spezzoni diam 12 già estratti per la prova di trazione.

Si  è potuto constatare l'aderenza dei  ferri  posti  in opera rispetto a quelli  ricavati  dalla 

documentazione di progetto. Per la sezione di base dei setti si conferma la posa di ferri 

diam 12 ad interasse 20 sulle due facce del setto, con ferri orizzontali diam 6  ogni 30 cm.

Nella figura 12 sono visibili i risultati delle prove sclerometriche sulla griglia realizzata in 

adiacenza dei carotaggi.
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Engineering elaboration
Acquisition of the vibrometric measurements

 2 di 8 (A) 

A1) Edificio A, ultimo piano 

Trace length:      0h12'00''.  Analysis performed on the entire trace. 
Sampling rate:    128 Hz 
Window size:  20 s 
Smoothing type: Triangular window 
Smoothing:  10% 

HORIZONTAL TO VERTICAL SPECTRAL RATIO 

H/V TIME HISTORY DIRECTIONAL H/V 

SINGLE COMPONENT SPECTRA 

Vibrometry

Experimental measure of the resonant frequencies 
along the principal axes of the building

to be compared with the theoretical ones

Final model of the building

Engineering elaboration
Adjustment of the model

Re-modelling of the building calibrated on the results of the experimental vibrometry
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Engineering elaboration
Calculus of the tensions at the ultimate limit state (SLU)

Numerical analyses

Vertical tensions

SEISMIC VERIFICATION

Engineering elaboration
Filling of the seismic verification form 
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