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Introduction - Regional Scale

Seismic zonation based on the computation of
synthetic seismograms on the nodes of a grid that
covers the study area

Average structural properties
Simple source model (scaled point source)
Cut-off frequency | Hz

Maps of peak displacement, velocity and Design
Ground Acceleration



Introduction - Local Scale

@ Synthetic seismograms computed along selected
profiles

@ Laterally heterogeneous structural models
@® Detailed source model
@ Cut-off frequency up to 10 Hz

@ Maps of ground motion amplification



Regional Scale - Flowchart

REGIONAL
POLYGONS

FOCAL SEISMOGENIC EARTHQUAKE
MECHANISMS ZONES CATALOGUE

STRUCTURAL
SEISMIC SOURCES

MODELS

SITES ASSOCIATED
WITH EACH
SOURCE

TIME SERIES

PARAMETERS

P-SV SH
SYNTHETIC SYNTHETIC
SEISMOGRAMS SEISMOGRAMS

VERTICAL HORIZONTAL
COMPONENT COMPONENTS
L

EXTRACTION OF
SIGNIFICANT

PARAMETERS




Regional Scale - Definition of Structures
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Regional Scale - Definition of Structures
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Regional Scale - Definition of Sources
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Regional Scale - Definition of Sources
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Regional Scale - Definition of Sources
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- orientation
- magnitude
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Regional Scale - Definition of Sources
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Regional Scale
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Regional Scale - Definition of Sources

FOCAL SEISMOGENIC EARTHQUAKE
CATALOGUE
MECHANISMS L)
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-magnitude (from - magnitude

- location fault characteristics)
- orientation - mechanism type
- magnitude

Discretization and smoothing of seismicity

Selection of cells
belonging to
seismogenic zones...
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window

. 1
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Regional Scale - Definition of Sources

FOCAL
MECHANISMS

- location
- orientation
- magnitude

OBSERVED EVENTS:

SEISMOGENIC
ZONES

EARTHQUAKE
CATALOGUE

EXPECTED EVENTS:

OBSERVED EVENTS:

- location - location
-magnitude (from - magnitude
fault characteristics)

- mechanism type
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Regional Scale

- Definition of Sources
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Regional Scale - Definition
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Regional Scale - Definition of Sources
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Regional Scale - Spectral scaling law
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Regional Scale - Seismograms
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Regional Scale - Seismograms
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Regional Scale - Seismograms
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Displacement

Amplitude of Peaks from Time Series
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Velocity
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Acceleration

Amplitude of Peaks from Time Series
(IHz)
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accelerafion (gAO)

Regional Scale - Checl (1 Hz cutoff)

Friuli, 6 May 1976 (North-Eastern Italy) Irpinia, 23 October 1980 (Southern Italy)

o R _________________ TOLI\/IEZZ

VERY complicated source model

Point-source inadequate to reproduce
duration, but peak value is OK

0 2 4 6 8 10 12 14 16
time (s)

Comparison with two grid nodes
close to the Tolmezzo station
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accelerafion (gAO)

Regional Scale - Checl (1 Hz cutoff)

Friuli, 6 May 1976 (North-Eastern ltaly)

o R _________________ TOLIVI

Irpinia, 23 October 1980 (Southern ltaly)

0 2 4 6 8 10 12 14

Comparison with two grid nodes
close to the Tolmezzo station

16
time (s)

1.5

0.0

acceler aion (g0

-1.0

pr————
With a sequence of point sources the
duration can be reproduced but this is
deliberately neglected since rupturing

process is not known a priori
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Design Ground Acceleration (DGA)

@ To obtain an estimate of PGA, overcoming the | Hz limitation

chosen in the modelling, the shape of Design Spectra can be used

0.7
] @ Design Ground Acceleration: =0.2 g .
164 — EC8-SoilA
1 — synt -Soil A
0.5+
~ 0.4
& 0.31
0.24
0.1
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

T (s)
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Acceleration

DGA Extrapolated by Means of
Design Spectrum
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Design Ground Acceleration (DGA)

@ The procedure gives good results when applied to the case of the
Irpinia 1980 earthquake.The DGA predicted by the modelling is
similar the actual DGA obtained from recordings
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1  Design Ground Acceleration: =0.4g — synthetic
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Parametric Test on Source Mechanism

Automatic Average Expert’s Choice
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Parametric Test on Source Mechanism

Automatic Average Expert’s Choice
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@ The deterministic procedure has been applied to several countries in
the world. Here the map of DGA is shown
10° -5° 0° 5 10° 15° 20° 25° 30° 35 40° 45°

- - y j |
-10° -5° O 5 10° 15° 20° 25° 30° 35 40° 45°
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Regional Scale - Homogeneity!

@ If seismogenic zones are not defined according to homogeneous
criteria, hazard results will be hardly comparable (source: GSHAP)
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Fig. 2. Final distribution of earthquake source zones for the Ibero-Maghreb region, and epicenters of the generated
List of Significant Earthquakes with M = 4.5 from 1900 to 1989.
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Regional Scale - Seismogenic Potential

@ If the earthquake catalogue is not complete even in the high
magnitude range, computations can be eventually performed
analysing the seismogenic potential of the active faults
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Regional Scale - Seismogenic Potential

@ If the earthquake catalogue is not complete even in the high
magnitude range, computations can be eventually performed
analysing the seismogenic potential of the active faults

Max OBSERVED magnitude Max EXPECTED magnitude
(smoothed)
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Regional Scale - Seismogenic Potential

@ If the earthquake catalogue is not complete even in the high
magnitude range, computations can be eventually performed
analysing the seismogenic potential of the active faults

Max OBSERVED magnitude Max EXPECTED magnitude
(smoothed)
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L ocal Scale - Introduction

@ Synthetic seismograms computed along selected
profiles

@ Laterally heterogeneous structural models
@® Detailed source model
@ Cut-off frequency up to 10 Hz

@ Maps of ground motion amplification
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Material Density Vp Qp Vs Qs
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Local Scale - Input Definition

Parameters file for program pfdg9

test.spr
0

0
10.0
.50
.02

0
5.000
125.0
45.0
90.0
125.0
45.0
90.0
7.5

.00
.000

.000

Lol B SIS RS IS IS IS IS IS RS RIS RIS

SRR EE
[(SECSESES RN

00

Modes for 1D structure
First mode to use (1=fundamental, 0=all)
Last mode to use (@=all)
Low pass filter cutoff frequency (xcutof)
Ratio between filter's max freq with unit response and xcutof
Low pass filter amplitude at cutoff
Interpolation for modal summation part 1
A Modal Summation
strike-receiver angle (SH modelling)

fault dip (SH modelling)
fault rake (SH modelling)
strike-receiver angle (P-SV modelling)
fault dip (P-SV modelling)
fault rake (P-SV modelling)

Source-2D model origin distance (km)

Generated FD model
Polygons with 2D part definition
Max number of grid points along x
Max number of grind points along z
Force an air layer of 5 grid points without topography (@=no, l=yes)
Min velocity (km/s) for grid definition (@=auto -> look for min Vs)
FD model length from 1st column of seismograms (km) (@=auto)
FD model depth (km) (@=auto)
Grid spacing (km) (@=auto)
dz multiplier (0-auto) Finite Difference
Depth where step along z changes (@=auto)
Number of absorbing points along x (@=auto)
Number of absorbing zones (@=auto)
Lowest Q for absorbing zones (@=auto)
Highest Q for absorbing zones (@=auto)
Geom. spreading (@=no, l=yes) for SH (suggested: @ far/short,1 near/long)
Geom. spreading (@=no, l=yes) for P-SV (suggested: 1)
Time window length (s) for 1D SH (@=auto)
Time window length (s) for 1D P-SV (@=auto)
Time window length (s) for 2D SH (@=auto)
Time window length (s) for 2D P-SV (@=auto)
Shift in origin time (SH)
Shift in origin time (P-SV)
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Local Scale - Input Definition

" @ XDigiMac File Edit Filter Data View w @ 4 T 40 (=099% M sun310 )
- 1®&600 (test.pof.pict) 10 Color Picker
FFre] VOO0 Q #
~v N EO0EE]
Pen Shape

2
®: 838 4 207 R:4.8161 Y: 01137

08 itest.pof.pict) Legend

3 items | Dezcr. rRhn r'u'p rlil_p r'u's rlil_s
Aria
Arenarie 2,100 2000 200 1200 100
Calcari 2300 2500 200 1400 100
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Local Scale - Choice of Scenario Earthquakes

@ Regional zonation

@ Morphostructural analysis
@® Active faults

@ Earthquake prone areas
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Palazzo Porto
Carciotti

A1 6.25 km A2

Palazzo
Carciotti
B1 4.2 km B2
Litotipo Densita Vp Vs Qp Qs
(glcm?®) (km/s) (km/s)
. Riporti 1.8 0.4 0.2 30 15
. Sed. Marini 1.9 0.8 0.4 40 20
. Alluvioni 1.95 1.0 0.5 40 20
. Flysch 2.0 1.8 1.0 100 50
. Marne ) 1.8 141 200 100
. Arenarie 24 2.0 1.2 200 100
. Calcari 23 2.5 1.4 200 100

41



Local Scale - Preliminary Parametric Test

@ Radiation Pattern
® Source Depth

@ Epicentral Distance

0.014

0.012

0.01

0.008

0.006

0.004

0.002

(dinarb) dip: 82 rak:189 sde: 7 edi: 65 rde: 0 mod: 0 int: 2 mag:6.5

dinarbl.syr
dinarb.syz
dinarb.syl

100

150 200
Strike-Receiver Angle (degrees)

300

350
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Local Scale - Synthetic Seismograms

Transverse Acceleration Radial Acceleration Vertical Acceleration
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Local Scale - Response Spectra

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

NNW

Choice of reference site

ts1t05.rsr
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Local Scale - Response Spectra Ratio

@® 2D/IDRSR

Depth (km)

Frequency (Hz)

Frequency (Hz)

Frequency (Hz)

Distance from the source (km)

65 66 67 68 69 70 71
! 1 I 1 I !

Ver RSR 2D/1D SA5%

I 1 I 1 - I I
65 66 67 68 69 70 71

Distance fron? the source (kml)

3 4 5 6
Distance along the profile (km)
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Local Scale - Differential Motion

@ Significant for elongated structures (bridges, lifelines etc)
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Conclusions

Parametric analyses can help understanding the influence of each input data set on the
deterministic results, but degrees of freedom must be reduced as much as possible

Calibration of synthetic results can be made using single observations and/or global data
sets

Lateral heterogeneity can produce strong spatial variations in the ground motion even
at small incremental distances, that can hardly be reproduced by the stochastic models
commonly used in engineering practice

In absolute terms, the differential motion amplitude is comparable with the input
motion amplitude when displacement, velocity and acceleration domains are considered

Differential motion can cause an increment greater than one unit in the seismic
intensity experienced by bridges, with respect to the average intensity affecting the area
where the bridge is built
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