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Introduction - Local scale

Synthetic seismograms along selected profiles

Laterally heterogeneous structural models

Detailed source models

Cutoff frequency up to 10 Hz

Time series, amplification maps



Introduction - Methodology

Regional scale: modal summation

Local scale: hybrid methodology 
(modal summation + finite differences)
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Methodology - Modal summation

Displacement generated by a double-couple in 
layered half-space (Panza, 1985, Florsch et al 1991)



Examples of structural quantities

Methodology - Modal summation



Source definition and radiation pattern

vertical strike-slip

45° dipping strike-slip

45° dipping oblique slip

45° dip-slip (thrust)

45° dip-slip (normal)

vertical dip-slip

Love   Rayleigh

Methodology - Modal summation



1D parametric tests: rake variation

(s1f1) sre=168.00 dip=30.0 sde=  7.000 edi= 15.000 rde=  0.000
 mod=  0-  0 int= 1 mag=6.5
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Methodology - Modal summation



Source

Sites

Methodology - Modal summation (regional scale)

Modal summation
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Methodology - Hybrid technique
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Methodology - Hybrid technique (local scale)



Quality test
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Corso di Rischio Sismico e Vulcanico - Esercitazioni

Local Scale - Input Definition

Modal Summation

Parameters file for program pfdg10
---------------------------------------------------------------------------
Modal summation model
---------------------------------------------------------------------------
test.spr                          Modes for 1D structure
0         First mode to use (1=fundamental, 0=all)
0         Last mode to use (0=all)
10.0      Low pass filter cutoff frequency (xcutof)
.50       Ratio between filter's max freq with unit response and xcutof
.02       Low pass filter amplitude at cutoff
0         Interpolation for modal summation part 
5.000     Source depth (km)
125.0     strike-receiver angle (SH modelling)
45.0      fault dip             (SH modelling)
90.0      fault rake            (SH modelling)
125.0     strike-receiver angle (P-SV modelling)
45.0      fault dip             (P-SV modelling)
90.0      fault rake            (P-SV modelling)
7.5       Source-2D model origin distance (km)
---------------------------------------------------------------------------
Finite differences model
---------------------------------------------------------------------------
test                           Generated FD model
test.pof                      Polygons with 2D part definition
2800      Max number of grid points along x
600       Max number of grind points along z
0         Force an air layer of 5 grid points without topography (0=no, 1=yes)
0.0       Min velocity (km/s) for grid definition (0=auto -> look for min Vs)
0         FD model length from 1st column of seismograms (km) (0=auto)
0.00      FD model depth (km) (0=auto)
0.000     Grid spacing (km) (0=auto)
0         dz multiplier (0=auto)
0.000     Depth where step along z changes (0=auto)
0         Number of absorbing points along x (0=auto)
0         Number of absorbing zones (0=auto)
0         Lowest Q for absorbing zones (0=auto)
0         Highest Q for absorbing zones (0=auto)
1         Geom. spreading (0=no, 1=yes) for SH (suggested: 0 far/short,1 near/long)
1         Geom. spreading (0=no, 1=yes) for P-SV (suggested: 1)
10        Time window length (s) for 1D SH (0=auto)
10        Time window length (s) for 1D P-SV (0=auto)
10        Time window length (s) for 2D SH (0=auto)
10        Time window length (s) for 2D P-SV (0=auto)
00        Shift in origin time (SH)
00        Shift in origin time (P-SV)
-------------------------------------------------------------------

Finite Difference



Corso di Rischio Sismico e Vulcanico - Esercitazioni

Local Scale - Input Definition
Ad-hoc software dedicated to the digitization of the layer geometry and the definition of the layer 
properties



P1.  Source P1/P2, bedrock structure 
dinarb, Bovec mechamism with 
strike=315°, dip=82°, rake=189°, 
hypocentral depth=7.6 km, epicentral 
distance=18 km, magnitude 6

P2.  Same scenario of P1, but using as 
bedrock structure the Italian cellular 
model (Project S1 INGV-DPC)

P3.  Source P3, cell structure,  Idrija 
mechanism with strike=310°, dip=80°, 
rake=176°, hypocentral depth=10 km, 
epicentral distance=13.5 km,   
magnitude 6

P4.  Source P4, cell structure, Idrija 
mechanism with strike=310°, dip=80°, 
rake=176°, hypocentral depth=10 km, 
epicentral distance=37 km,      
magnitude 6.8  

Local Scale - Scenario Earthquakes (Trieste)



Local scale - Selected profile in Trieste

Inversion of 
dispersion curves 
obtained from 
cross-correlation  
of seismic ambient 
noise measures
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Local Scale - Synthetic Seismograms

Profile 1 - Bedrock “B” - Dist. 17 km - M=6.0



Scenari: Trieste

Local Model (2D)

Bedrock (1D)

2D seismogram

1D seismogram

2D response spectra

1D response spectra

RSR
2D/1D

Site effects in Trieste city centre may cause 
a significant  amplification (up to 5 times  at 

engineering relevant frequencies) of the 
seismic signal at bedrock, hence intensity 

may reach IX (MCS) or VIII (MSK).

 

Local Scale - Response Spectra Ratio



Local Scale - Response Spectra

Same site at the intersection of two profiles
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Local Scale - Response Spectra Ratio

Choice of reference site



Rive - Dist. 17 km - M=6.0
Foundations and Amplifications (RSR 2D/1D)

Max=8 Max=5

Local Scale - RSR with soil structure interaction



Local Scale - Source Model

Seismic Source of finite dimension and complicated rupturing process
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Fig. 3.23 - Accelerogrammi sintetici ed accelerogrammi differenziali per la componente trasversale 

del moto calcolati lungo il profilo C usando il modello dinarb per la propagazione delle onde dalla 

sorgente all’inizio del profilo. Sorgente in S3 scalata mediante il metodo PULSYN per un azimut di 

90° e magnitudo M=6.5. Il valore di picco è indicato in cm/s2 in corrispondenza del segnale di 

ampiezza maggiore. Nella colonna di sinistra è mostrata la componente trasversale estratta dalla 

figura 3.21. Nella colonna centrale sono mostrati gli accelerogrammi differenziali ottenuti in ciascun 

sito sottraendo al segnale modellato in loco il segnale ottenuto al sito adiacente piú vicino alla 

sorgente. Si può notare come i valori differenziali abbiano, in alcune porzioni del profilo, ampiezza 

confrontabile con l’accelerazione assoluta. Nella colonna di destra, al fine di evidenziare il ruolo 

giocato dalle eterogeneità laterali del modello, sono mostrati gli accelerogrammi differenziali calcolati 

per il modello di bedrock di riferimento dinarb. Il rettangolo lungo il profilo evidenzia la posizione 

del viadotto del raccordo autostradale nei pressi di via Caboto.  

 

 

Local Scale - Differential Motion
Significant for elongated structures (bridges, lifelines etc)

Transverse Acceleration Differential (2D) Differential (1D)



Engineering analysis - Triest case

Palazzo Carciotti
(masonry)

Model Vertical tensions

The data set of synthetic seismograms can be 
fruitfully used and analysed by civil engineers for 
design and reinforcement actions, and therefore 

supply a particularly powerful and economical tool 
for the prevention aspects of Civil Defence.

Non-linear dynamic analysis considering the 
seismic input provided by the complete synthetic 
accelerograms as obtained from microzoning ⇒ 

Evaluate the response of relevant man-made 
structures, in terms of displacements and stresses, 

with respect to a set of possible scenario 
earthquakes



Earthquake scenarios 
for target site(s)

MCSI spectra

Accelerations for 
every scenario and 

multiple realizations of 
rupture processes 

Response spectra 
statistical analysis

MCSI approach



 

 

 
Figure 19: comparison between observed SA at NRC station (events of 24/08/2016 and 30/10/2016), 

NTC08 spectrum for soil B at the same site (dark lines) and local structure MDSI (MDSISS) at site 1 (grey area 
that corresponds to the values between median and 95th percentile).  

 
 

Response spectra - Central Italy 

Fasan et al., 2017.  A seismological and engineering perspective on the 2016 Central Italy earthquakes. IJEIE

MCSI (85%)

Maximum Credible Seismic Input (MCSI) 

2.4 The 2016 Seismic Sequence of Central Italy  47 

buildings was observed mainly due to lack of seismic construction details such as 

stirrups spacing or the application of the weak beam-strong column criterion. As a rule, 

they performed better than masonry structures due the ground motion characteristics 

(e.g. frequency content, limited number of cycles) (Fasan et al., 2016). 

 
Figure 33. Arias Intensity (IA) and recorded accelerograms (NS and EW components) for 24/08 

event 

 
Figure 34. Arias Intensity (IA) and recorded accelerograms (NS and EW components) for 26/10 

event 

Maximum Credible Seismic Input (MCSI) 

2.4 The 2016 Seismic Sequence of Central Italy  47 

buildings was observed mainly due to lack of seismic construction details such as 

stirrups spacing or the application of the weak beam-strong column criterion. As a rule, 

they performed better than masonry structures due the ground motion characteristics 

(e.g. frequency content, limited number of cycles) (Fasan et al., 2016). 

 
Figure 33. Arias Intensity (IA) and recorded accelerograms (NS and EW components) for 24/08 

event 

 
Figure 34. Arias Intensity (IA) and recorded accelerograms (NS and EW components) for 26/10 

event 

Primo rapporto di sintesi sul terremoto di Visso M5.9 del 26 ottobre 2016  
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Figura 1.2. a) Mappa della sismicità da luglio 2016 nella zona interessata dalla sequenza in corso. 
b) Evoluzione temporale della sismicità lungo la sezione NW-SE centrata nell’epicentro nel 
mainshock (MW 6.0 del 24 agosto). Ogni evento è rappresentato da un cerchio le cui dimensioni sono 
proporzionali alla magnitudo e il cui colore indica la profondità ipocentrale.  L’ascissa e l’ordinata 
rappresentano il tempo di accadimento e la proiezione di ogni epicentro epicentro lungo il profilo, 
rispettivamente. Il cerchio rosso evidenzia la sismicità successiva agli eventi del 26 ottobre nella 
parte NW della zona epicentrale. 
 
 
 


