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Computer exercises - Modes computation

Physical layers

(.stp)

“Numerical” layers

(.str)

Love modes

(.spl)

Rayleigh modes

(.spr)

p5r.out

lov ray

Parameter file

(p5r.par)

Parameters file for program p5r
0                              reference structure (0 = none)
10.                            max frequency (10 Hz or 1 Hz or 0.1 Hz)
4.50                           min velocity for halfspace (1Hz=6.42,10Hz=4.50)
0.                             max depth (0=use vel; x=km,if in channel stay above)
1                              split more at physical interfaces (0=no, 1=YES)
1                              add num gradient to num layers (0=no, 1=YES)
1                              take care of low-velocity channels (0=no, 1=YES)
2.0                            largest Vs to split using wavelength (sugg. 2.0)
1.0                            wavelength correction factor (suggested 1.0)
0                              max depth for plotting (0=all)
svalp.stp                      physical layers first structure

  thk(km) rho   Vp(km/s)  Vs(km/s)    Qp       Qs     depth(km) layer
   2.0000 2.80  4.800000  2.400000   400.00   200.00    2.00000   1
   2.0000 2.83  5.800000  3.300000   400.00   200.00    4.00000   2
   2.0000 2.84  6.200000  3.500000   400.00   200.00    6.00000   3
   8.0000 2.85  5.700000  3.300000   400.00   200.00   14.00000   4
   2.0000 2.86  6.200000  3.550000   400.00   200.00   16.00000   5
  21.0000 2.87  6.500000  3.700000   400.00   200.00   37.00000   6
   3.0000 2.90  7.000000  4.000000   400.00   200.00   40.00000   7
   3.0000 3.10  7.500000  4.300000   400.00   200.00   43.00000   8
  40.0000 3.35  8.100000  4.500000   400.00   200.00   83.00000   9
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Once upon a time...

1985: it all started...

Synthetic seismograms: the Rayleigh waves modal summation (Panza, 1985)
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Once upon a time...

1985: it all started...

Job submission on the Mainframe Computer of the Trieste University: 

Submit in the evening...

Cross fingers...

Get the results in the morning...

Maybe...

Do it again...  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Once upon a time...

1985: it all started...

Synthetic seismograms: the Rayleigh waves modal summation (Panza, 1985)



Corso di Rischio Sismico e Vulcanico - Esercitazioni

Now...

Mode computation: 1/2 day ⤑ seconds

Single event scenario: hour ⤑ seconds

Seismic zonation at national scale: days ⤑ hours

Seismic zonation at local scale: week ⤑ hours
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Computer exercises - Modes computation

Physical layers

(.stp)

“Numerical” layers

(.str)

Love modes

(.spl)

Rayleigh modes

(.spr)

p5r.out

lov ray

Parameter file

(p5r.par)

Parameters file for program p5r
0                              reference structure (0 = none)
10.                            max frequency (10 Hz or 1 Hz or 0.1 Hz)
4.50                           min velocity for halfspace (1Hz=6.42,10Hz=4.50)
0.                             max depth (0=use vel; x=km,if in channel stay above)
1                              split more at physical interfaces (0=no, 1=YES)
1                              add num gradient to num layers (0=no, 1=YES)
1                              take care of low-velocity channels (0=no, 1=YES)
2.0                            largest Vs to split using wavelength (sugg. 2.0)
1.0                            wavelength correction factor (suggested 1.0)
0                              max depth for plotting (0=all)
svalp.stp                      physical layers first structure

  thk(km) rho   Vp(km/s)  Vs(km/s)    Qp       Qs     depth(km) layer
   2.0000 2.80  4.800000  2.400000   399.99   199.99    2.00000   1
   2.0000 2.83  5.800000  3.300000   399.99   200.00    4.00000   2
   2.0000 2.84  6.200000  3.500000   400.01   200.00    6.00000   3
   8.0000 2.85  5.700000  3.300100   400.00   200.00   14.00000   4
   2.0000 2.86  6.200000  3.550000   400.01   200.00   16.00000   5
  21.0000 2.87  6.500000  3.700000   400.00   200.00   37.00000   6
   3.0000 2.90  7.000000  4.000000   400.00   200.00   40.00000   7
   3.0000 3.10  7.500000  4.300000   399.99   200.00   43.00000   8
  40.0000 3.35  8.100000  4.500000   400.00   200.00   83.00000   9
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Computer exercises - Modes computation
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Computer exercises - Source definition

vertical strike-slip

45° dipping strike-slip

45° dipping oblique slip

45° dip-slip (thrust)

45° dip-slip (normal)

vertical dip-slip

Love   Rayleigh

Dip 

Strike - receiver

 

Rake 

Strike of fau
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Source definition and examples of radiation pattern
φ
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Computer exercises - Source definition

Expression of the source radiation pattern
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Computer exercises - Eigenfunctions

Eigenfunctions
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Parametric tests 

Computer exercises - Synthetic seismograms

Love modes

(.spl)

Rayleigh modes

(.spr)

eparatest.out
eparajob

Seismograms
vertical component

(.syz)

Seismograms
transverse component

(.syl)

Seismograms
radial component

(.syr)

Parameter file for program eparatest
--------------------------------------------------------------------------------
svalp                 Test label (root for output filenames - 13 chars max)
0                     Ref. box for values not listed below (0=no, 13 chars max)
svalp.spl             Love spectrum file
svalp.spr             Rayleigh spectrum file
2                     Motion (1=displ, 2=vel, 3=acc)
50                    Time length for plot seismograms (s)
1  13.0 45.0 80       Source (1=point, 2=extended), lon, lat, strike (Nord)
SRE 1   0 360 15      Strike (loop 0=no,1=yes, start, stop, step) (Degrees)
DIP 0  30  90 10      Dip (loop 0=no,1=yes, start, stop, step) (Degrees)
RAK 0  10  40 10      Rake (loop 0=no,1=yes, start, stop, step) (Degrees)
SDE 0   7   9  1      Source Depth (loop 0=no/1=yes, start, stop, step) (km)
EDI 0  15 200 15      Epic. Distance (loop 0=no/1=yes, start, stop, step) (km)
RDE 0   0   3  1      Receiver Depth (loop 0=no/1=yes, start, stop, step) (km)
MOD 0   0   0  1      Modes (loop 0=no/1=yes, start, stop (step must be 1) )
INT 0   1  30  1      Interpolation (0-9) (flag 0=no,1=yes, start, stop, step)
MAG 0 6.5 7.0 .1      Magnitude (flag 0=no,1=yes, start, stop, step)Parameter file

(eparatest.par)
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Parametric tests 

Computer exercises - Synthetic seismograms

Love modes

(.spl)

Rayleigh modes

(.spr)

eparatest.out
eparajob

Seismograms
vertical component

(.syz)

Seismograms
transverse component

(.syl)

Seismograms
radial component

(.syr)

Parameter file

(eparatest.par)

#!/bin/bash
set -e
echo $$ > eparajob.pid
date>svalpparajob.pri
echo "Start of parajob job">>svalpparajob.pri
cp syr.cntl.r syr.cntl
echo "Computing Radial Component..."
syr0048.out                             
date>>svalpparajob.pri
echo "Radial Computed">>svalpparajob.pri
cp syr.cntl.z syr.cntl
echo "Computing Vertical Component..."
syr0048.out                             
date>>svalpparajob.pri
echo "Vertical Computed">>svalpparajob.pri
cp syl.cntl.t syl.cntl
echo "Computing Transverse Component..."
syl0048.out                             
date>>svalpparajob.pri
echo "Transverse Computed">>svalpparajob.pri
date>>svalpparajob.pri
echo "Scaling seismograms..."
efft.out
echo "Computing Resultant, NS and EW Components..."
rot.out
date>>svalpparajob.pri
cat tmploop | awk '{ print $1,$2 }'  > tmploopsel
grep amaxa svalpf1.syr | awk '{ print $8 }'  > tmpr
grep amaxa svalpf1.syz | awk '{ print $8 }'  > tmpz
grep amaxa svalpf1.syl | awk '{ print $8 }'  > tmpl
grep amaxa svalpf1.res | awk '{ print $9 }'  > tmpres
grep amaxa svalpf1.sns | awk '{ print $8 }'  > tmpsns
grep amaxa svalpf1.sew | awk '{ print $8 }'  > tmpsew
echo '#num sre  PGV rad   PGV ver   PGV tra   PGV res   PGV sns   PGV sew   dip=30.0 
rak= 10.0 sde=  7.000 edi= 15.000 rde=  0.000\n\ mod=  0-  0 int= 1 mag=6.5' > 
svalp.sta
paste tmploopsel tmpr tmpz tmpl tmpres tmpsns tmpsew >> svalp.sta
minmax -C tmpr | awk '{ print $2 }' > tmpsort
minmax -C tmpz | awk '{ print $2 }' >> tmpsort
minmax -C tmpl | awk '{ print $2 }' >> tmpsort
minmax -C tmpres | awk '{ print $2 }' >> tmpsort
minmax -C tmpsns | awk '{ print $2 }' >> tmpsort
minmax -C tmpsew | awk '{ print $2 }' >> tmpsort
MAX=`(cat tmpsort | sort -rn | head -1 )`
rm -f tmploop tmploopsel tmpr tmpz tmpl tmpres tmpsns tmpsew tmpsort *.plot
gnuplot svalp.sre.gplot
echo " "
sisplots.pl
echo "*** To plot the seismograms: gs svalp.sre.sis.*.ps"
echo "*** To plot the peak values: gs svalp.sre.ps"
echo " "
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Parametric tests 

Computer exercises - Synthetic seismograms
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Parametric tests 

Computer exercises - Synthetic seismograms
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Single event scenario 

Computer exercises - Synthetic seismograms

Love modes

(.spl)

Rayleigh modes

(.spr)

eparatest.out
eparajob

Seismograms
vertical component

(.syz)

Seismograms
transverse component

(.syl)

Seismograms
radial component

(.syr)

Parameter file for program eparatest
--------------------------------------------------------------------------------
test2                 Test label (root for output filenames - 13 chars max)
0                     Ref. box for values not listed below (0=no, 13 chars max)
z1d0014.spl           Love spectrum file
z1d0014.spr           Rayleigh spectrum file
2                     Motion (1=displ, 2=vel, 3=acc)
100                   Time length for plot seismograms (s)
1  13.0 46.2 289      Source (1=point, 2=extended), lon, lat, strike (Nord)
SRE 1   0 360 15      Strike (loop 0=no,1=yes, start, stop, step) (Degrees)
DIP 0  90  90 10      Dip (loop 0=no,1=yes, start, stop, step) (Degrees)
RAK 0 140  40 10      Rake (loop 0=no,1=yes, start, stop, step) (Degrees)
SDE 0  10   9  1      Source Depth (loop 0=no/1=yes, start, stop, step) (km)
EDI 2  15 120 15      Epic. Distance (loop 0=no/1=yes, start, stop, step) (km)
RDE 0   0   3  1      Receiver Depth (loop 0=no/1=yes, start, stop, step) (km)
MOD 0   0   0  1      Modes (loop 0=no/1=yes, start, stop (step must be 1) )
INT 0   0  30  1      Interpolation (0-9) (flag 0=no,1=yes, start, stop, step)
MAG 0 6.0 7.0 .1      Magnitude (flag 0=no,1=yes, start, stop, step)Parameter file

(eparatest.par)

Scenario
peak values

(.amx)

s14f1tra.amx

12˚
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#!/bin/bash
set -e
echo $$ > eparajob.pid
date>test2parajob.pri
echo "Start of parajob job">>test2parajob.pri
cp syr.cntl.r syr.cntl
echo "Computing Radial Component..."
syr0048.out                             
date>>test2parajob.pri
echo "Radial Computed">>test2parajob.pri
cp syr.cntl.z syr.cntl
echo "Computing Vertical Component..."
syr0048.out                             
date>>test2parajob.pri
echo "Vertical Computed">>test2parajob.pri
cp syl.cntl.t syl.cntl
echo "Computing Transverse Component..."
syl0048.out                             
date>>test2parajob.pri
echo "Transverse Computed">>test2parajob.pri
date>>test2parajob.pri
echo "Scaling seismograms..."
efft.out
echo "Computing Resultant, NS and EW Components..."
rot.out
date>>test2parajob.pri
cat tmploop | awk '{ print $1,$2,$6 }'  > tmploopsel
grep amaxa test2f1.syr | awk '{ print $8 }'  > tmpr
grep amaxa test2f1.syz | awk '{ print $8 }'  > tmpz
grep amaxa test2f1.syl | awk '{ print $8 }'  > tmpl
grep amaxa test2f1.res | awk '{ print $9 }'  > tmpres
grep amaxa test2f1.sns | awk '{ print $8 }'  > tmpsns
grep amaxa test2f1.sew | awk '{ print $8 }'  > tmpsew
echo '#num sre edi  PGV rad   PGV ver   PGV tra   PGV res   PGV sns   PGV sew   dip=90.0 rak=140.0 sde= 
10.000 rde=  0.000 mod=  0-  0\n\ int= 0 mag=6.0' > test2.sta
paste tmploopsel tmpr tmpz tmpl tmpres tmpsns tmpsew >> test2.sta
echo 'amaxa values' > test2f1rad.amx.tmp
echo '    2 0.1000E+01 : file type and normalizing factor' >> test2f1rad.amx.tmp
echo 'MINLATITUDE MAXLATITUDE : min. and max. latitude  of the area' >> test2f1rad.amx.tmp
echo 'MINLONGITUD MAXLONGITUD : min. and max. longitude of the area' >> test2f1rad.amx.tmp
echo '0.00000E+00             : cell size' >> test2f1rad.amx.tmp
echo 'amaxa values' > test2f1tra.amx.tmp
echo '    2 0.1000E+01 : file type and normalizing factor' >> test2f1tra.amx.tmp
echo 'MINLATITUDE MAXLATITUDE : min. and max. latitude  of the area' >> test2f1tra.amx.tmp
echo 'MINLONGITUD MAXLONGITUD : min. and max. longitude of the area' >> test2f1tra.amx.tmp
echo '0.00000E+00             : cell size' >> test2f1tra.amx.tmp
echo 'amaxa values' > test2f1ver.amx.tmp
echo '    2 0.1000E+01 : file type and normalizing factor' >> test2f1ver.amx.tmp
echo 'MINLATITUDE MAXLATITUDE : min. and max. latitude  of the area' >> test2f1ver.amx.tmp
echo 'MINLONGITUD MAXLONGITUD : min. and max. longitude of the area' >> test2f1ver.amx.tmp
echo '0.00000E+00             : cell size' >> test2f1ver.amx.tmp
echo 'amaxa values' > test2f1res.amx.tmp
echo '    2 0.1000E+01 : file type and normalizing factor' >> test2f1res.amx.tmp
echo 'MINLATITUDE MAXLATITUDE : min. and max. latitude  of the area' >> test2f1res.amx.tmp
echo 'MINLONGITUD MAXLONGITUD : min. and max. longitude of the area' >> test2f1res.amx.tmp
echo '0.00000E+00             : cell size' >> test2f1res.amx.tmp
echo 'amaxa values' > test2f1sns.amx.tmp
echo '    2 0.1000E+01 : file type and normalizing factor' >> test2f1sns.amx.tmp
echo 'MINLATITUDE MAXLATITUDE : min. and max. latitude  of the area' >> test2f1sns.amx.tmp
echo 'MINLONGITUD MAXLONGITUD : min. and max. longitude of the area' >> test2f1sns.amx.tmp
echo '0.00000E+00             : cell size' >> test2f1sns.amx.tmp
echo 'amaxa values' > test2f1sew.amx.tmp
echo '    2 0.1000E+01 : file type and normalizing factor' >> test2f1sew.amx.tmp
echo 'MINLATITUDE MAXLATITUDE : min. and max. latitude  of the area' >> test2f1sew.amx.tmp
echo 'MINLONGITUD MAXLONGITUD : min. and max. longitude of the area' >> test2f1sew.amx.tmp
echo '0.00000E+00             : cell size' >> test2f1sew.amx.tmp
paste tmpmap tmpr >> test2f1rad.amx.tmp

paste tmpmap tmpl >> test2f1tra.amx.tmp
paste tmpmap tmpz >> test2f1ver.amx.tmp
paste tmpmap tmpres >> test2f1res.amx.tmp
paste tmpmap tmpsns >> test2f1sns.amx.tmp
paste tmpmap tmpsew >> test2f1sew.amx.tmp
MINLG=`(minmax -C tmpmap | awk '{ print $1 }')`
MAXLG=`(minmax -C tmpmap | awk '{ print $2 }')`
MINLT=`(minmax -C tmpmap | awk '{ print $3 }')`
MAXLT=`(minmax -C tmpmap | awk '{ print $4 }')`
sed 's/MINLATITUDE/'`echo $MINLT`'/g' test2f1rad.amx.tmp > test2f1rad.amx.tmp1
sed 's/MAXLATITUDE/'`echo $MAXLT`'/g' test2f1rad.amx.tmp1 > test2f1rad.amx.tmp2
sed 's/MINLONGITUD/'`echo $MINLG`'/g' test2f1rad.amx.tmp2 > test2f1rad.amx.tmp3
sed 's/MAXLONGITUD/'`echo $MAXLG`'/g' test2f1rad.amx.tmp3 > test2f1rad.amx
sed 's/MINLATITUDE/'`echo $MINLT`'/g' test2f1tra.amx.tmp > test2f1tra.amx.tmp1
sed 's/MAXLATITUDE/'`echo $MAXLT`'/g' test2f1tra.amx.tmp1 > test2f1tra.amx.tmp2
sed 's/MINLONGITUD/'`echo $MINLG`'/g' test2f1tra.amx.tmp2 > test2f1tra.amx.tmp3
sed 's/MAXLONGITUD/'`echo $MAXLG`'/g' test2f1tra.amx.tmp3 > test2f1tra.amx
sed 's/MINLATITUDE/'`echo $MINLT`'/g' test2f1ver.amx.tmp > test2f1ver.amx.tmp1
sed 's/MAXLATITUDE/'`echo $MAXLT`'/g' test2f1ver.amx.tmp1 > test2f1ver.amx.tmp2
sed 's/MINLONGITUD/'`echo $MINLG`'/g' test2f1ver.amx.tmp2 > test2f1ver.amx.tmp3
sed 's/MAXLONGITUD/'`echo $MAXLG`'/g' test2f1ver.amx.tmp3 > test2f1ver.amx
sed 's/MINLATITUDE/'`echo $MINLT`'/g' test2f1res.amx.tmp > test2f1res.amx.tmp1
sed 's/MAXLATITUDE/'`echo $MAXLT`'/g' test2f1res.amx.tmp1 > test2f1res.amx.tmp2
sed 's/MINLONGITUD/'`echo $MINLG`'/g' test2f1res.amx.tmp2 > test2f1res.amx.tmp3
sed 's/MAXLONGITUD/'`echo $MAXLG`'/g' test2f1res.amx.tmp3 > test2f1res.amx
sed 's/MINLATITUDE/'`echo $MINLT`'/g' test2f1sns.amx.tmp > test2f1sns.amx.tmp1
sed 's/MAXLATITUDE/'`echo $MAXLT`'/g' test2f1sns.amx.tmp1 > test2f1sns.amx.tmp2
sed 's/MINLONGITUD/'`echo $MINLG`'/g' test2f1sns.amx.tmp2 > test2f1sns.amx.tmp3
sed 's/MAXLONGITUD/'`echo $MAXLG`'/g' test2f1sns.amx.tmp3 > test2f1sns.amx
sed 's/MINLATITUDE/'`echo $MINLT`'/g' test2f1sew.amx.tmp > test2f1sew.amx.tmp1
sed 's/MAXLATITUDE/'`echo $MAXLT`'/g' test2f1sew.amx.tmp1 > test2f1sew.amx.tmp2
sed 's/MINLONGITUD/'`echo $MINLG`'/g' test2f1sew.amx.tmp2 > test2f1sew.amx.tmp3
sed 's/MAXLONGITUD/'`echo $MAXLG`'/g' test2f1sew.amx.tmp3 > test2f1sew.amx
rm -f tmpmap
rm -f test2f1rad.amx.tmp test2f1rad.amx.tmp1 test2f1rad.amx.tmp2 test2f1rad.amx.tmp3
rm -f test2f1tra.amx.tmp test2f1tra.amx.tmp1 test2f1tra.amx.tmp2 test2f1tra.amx.tmp3
rm -f test2f1ver.amx.tmp test2f1ver.amx.tmp1 test2f1ver.amx.tmp2 test2f1ver.amx.tmp3
rm -f test2f1res.amx.tmp test2f1res.amx.tmp1 test2f1res.amx.tmp2 test2f1res.amx.tmp3
rm -f test2f1sns.amx.tmp test2f1sns.amx.tmp1 test2f1sns.amx.tmp2 test2f1sns.amx.tmp3
rm -f test2f1sew.amx.tmp test2f1sew.amx.tmp1 test2f1sew.amx.tmp2 test2f1sew.amx.tmp3
hazcpt.out
sh hazgmt.sh test2f1rad.amx test2f1tra.amx test2f1ver.amx test2f1res.amx test2f1sns.amx test2f1sew.amx
minmax -C tmpr | awk '{ print $2 }' > tmpsort
minmax -C tmpz | awk '{ print $2 }' >> tmpsort
minmax -C tmpl | awk '{ print $2 }' >> tmpsort
minmax -C tmpres | awk '{ print $2 }' >> tmpsort
minmax -C tmpsns | awk '{ print $2 }' >> tmpsort
minmax -C tmpsew | awk '{ print $2 }' >> tmpsort
MAX=`(cat tmpsort | sort -rn | head -1 )`
sed 's/XXX/set yrange [0:'`echo $MAX`']/g' test2.plot > test2.gplot
rm -f tmploop tmploopsel tmpr tmpz tmpl tmpres tmpsns tmpsew tmpsort *.plot
gnuplot test2.gplot
echo " "
cp sisplots.par.rad sisplots.par
sisplots.pl
cp sisplots.par.ver sisplots.par
sisplots.pl
cp sisplots.par.tra sisplots.par
sisplots.pl
echo "*** To plot the seismograms: gs test2.sis.*.ps"
echo "*** To plot the peak values: gs test2.ps"
echo " "
echo "*** To plot the maps: gs test2f1*.amx.ps"

Computer exercises - Synthetic seismograms
Single event scenario
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Soil categories

Computer exercises - Synthetic seismograms
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Single event scenario, parametric tests for soils A,B,C,D,E - high Q

Computer exercises - Synthetic seismograms
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Seismic hazard maps in Italy

The neo-deterministic approach...
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Neo-deterministic approach

Collection of available data

Structural properties

Historical seismicity

Tectonic regime

Seismogenic zones

...

Modelling of ground shaking scenarios 

Regional scale: on a grid of sites covering the studied area

Local scale: along laterally heterogeneous profiles
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Regional scale - Flow chart
Regional
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Earthquake
catalogue

Seismogenic
zones

Magnitude discretization
and smoothing

Focal
mechanisms

Choice of maximum 
magnitude for each cell

Choice of focal mechanism 
for each seismogenic zone

Seismic sources

Sites considered for each 
source

Synthetic seismograms

Extraction of significant
ground motion parameters

1-D layered
anelastic structures
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Regional scale - Structural model
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Regional scale - Structural model
Regional
polygons

Structural model

1-D layered
anelastic structures
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Regional scale - Structural model
Regional
polygons

Structural model

1-D layered
anelastic structures
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Regional scale - Structural model
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Regional scale - Sources
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Regional scale - Sources
Earthquake
catalogue
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Focal
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Regional scale - Sources
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Regional scale - Sources
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Regional scale - Sources
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity 1 - Discretization 2 - Smoothing

5 - Sources 3 - Seismogenic zone4 - Truncation
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Regional scale - Sources

Magnitude discretization
and smoothingSeismicity

Sources

Why do we do this?

To account for mislocations of events in the catalogue

To account (roughly) for fault dimensions

To account for the location of future events

To be conservative...
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abnt41hz.zs.uni
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Source definition - 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

Dip 

Strike - receiver

 

Rake 
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The moment-magnitude relation  
by Kanamori (1977) is used

At first synthetic seismograms are  
computed for a unitary scalar  
seismic moment (1 dyn cm)

Then they are scaled for magnitude  
in the frequency domain according  
to the spectral law by Gusev (1983)  
as reported in Aki (1987)

Source definition - Scaled point source
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Source kinematic model

Source definition - Scaled point source
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0
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front time step 0.86 s,                                              x, km

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
y
,
 
k
m

2-dimensional final slip distribution over a source 
rectangle, shown as a density plot (Mw=7.0).

Rupture front evolution was simulated 
kinematically from random rupture velocity field. 

(Gusev, 2011)

Far-field source time histories and their spectra. 

“Displacement” far-field functions (arbitrary 
scale) for the simulated case of mostly unilateral 

rupture propagation
Az=180°

Az=90°

Az=0°
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acnt41hzf0res.amx
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Example computation - Ground shaking
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acnt41hzf1res.amx
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acnt41hzf2res.amx
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Regional Scale - Displacement
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Regional Scale - Check (1 Hz cutoff)

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

Comparison with two grid nodes
close to the Tolmezzo station
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VERY complicated source model

Point-source inadequate to reproduce 
duration, but peak value is OK
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Regional Scale - Check (1 Hz cutoff)

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

VERY complicated source model

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

Comparison with two grid nodes
close to the Tolmezzo station
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Design Ground Acceleration (DGA)

To obtain an estimate of PGA, overcoming the 1 Hz limitation 
chosen in the modelling, the shape of Design Spectra can be used

Response Spectrum

Modelling of spectral amplification
Response spectra can be computed using synthetic seismograms as input motion.

To estimate the spectral amplification due to a change in the model, computations of the
synthetic seismogram can be repeated changing any parameter of the model.

Example: two synthetic seismograms are generated modifying the properties of the structural
model. The ratio between their response spectra will show the relative amplifications due
to the change of the structure.

Usually, one synthetic seismogram is generated for a bedrock model, and kept as a reference.
The second synthetic seismogram is computed considering a structural model representative
of the site conditions, possibly taking into account lateral heterogeneities.

Ti
m
e

Ac
ce

le
ra

tio
n

Natural period of
vibration

Input motion

Response
spectrum (SA)

Input
acceleration

Rule of thumb for a rough estimate of the resonance period:  
T=1 s every 10 floors, but it strongly depends on the building 
characteristics (type of construction, geometry etc)

Response spectrum
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Design Ground Acceleration (DGA)

To obtain an estimate of PGA, overcoming the 1 Hz limitation 
chosen in the modelling, the shape of Design Spectra can be used
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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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Parametric Test on Structural Properties

gpscptif2maxexm.dga
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Parametric Test on Earthquake Catalogue

gpscpti.uni
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Parametric Test on Earthquake Catalogue

CPTI

CPTI - UCI
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Intensity Scenarios
NOR0309f1resamxing.int
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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)



Corso di Rischio Sismico e Vulcanico - Esercitazioni

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
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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 - Future developments 

Properly extend the computations to 10 Hz

Take into account the effect of lateral heterogeneities (2D and 3D)

Detailed source model, with multiple hypothesis about the rupture

Further code optimization

Import of the results into a fast DB for data analysis

...
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Local 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

Hybrid technique (modal summation + finite difference)
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Local Scale - Definition of Model
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Local Scale - Definition of Model

Modal Summation

Source

Sites
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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
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Local Scale - Input Definition
Ad-hoc software dedicated to the digitization of the layer geometry and the definition of the layer 
properties
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Modelling - Transverse Component
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Modelling - Radial Component
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Modelling - Vertical Component
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Modelling - Spectral Amplification 2D/1D

Local model (2D)

Bedrock (1D)

Seismogram 2D

Seismogram 1D

Response spectrum 2D

Response spectrum 1D

Response spectra ratio  
2D/1D
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Modelling - Spectral Amplification 2D/1D

Local model (2D)

Bedrock (1D)

Seismogram 2D

Seismogram 1D Response spectrum 1D

Response spectrum 2D
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Modelling - Parametric Tests

Source properties (depth, distance, focal mechanism, source 
dimension and rupturing process)

Bedrock properties (Vp, Vs, layer thickness)

Local profile properties (Vp, Vs, geometry)

Other profiles
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Parametric tests - Epicentral Distance
6 km Spectral amplification 2D/1D 10 km
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Parametric tests - Basin Length
Spectral amplification 2D/1D
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Spectral amplification 2D/1D

Parametric tests - Presence of Two Basins
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AQV Station - Highest PGA Recorded
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AQV Station - Geologic Setting

AQV

AQV Tallini et al., 
GEAM 2002, vol 1.
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AQV Station - Modelling

PGA along the basin: 0.50-0.85g

Spectral amplification 2D/1D
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AQV Station - Test on Epicentral Position
Spectral amplification 2D/1D
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Local Scale - Engineering Analysis

The data set of synthetic seismograms can 
be 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.
Evaluate the response of relevant man-
made structures, in terms of displacements 
and stresses, with respect to a set of 
possible scenario earthquakes

Palazzo Carciotti
(masonry)

Model Vertical tensions
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2D profile preparation 
for ground motion scenario modeling

Franco Vaccari
vaccari@units.it

mailto:vaccari@units.it
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From Google Earth to 2D profile
Look for the potential earthquake locations by checking the Database 
of Individual Seismogenic Sources (http://diss.rm.ingv.it/diss/)  

http://diss.rm.ingv.it/diss/
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From Google Earth to 2D profile
 Download the .kmz file and import it in Google Earth 
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From Google Earth to 2D profile
See the details about the faults
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From Google Earth to 2D profile
 Import a geological map 



Corso di Rischio Sismico e Vulcanico - Esercitazioni

From Google Earth to 2D profile
Adjust its opacity and make it fit with the terrain view

Rotate Resize Drag
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From Google Earth to 2D profile
Main keyboard shortcuts in Google Earth

N (North) orient the view to the North

U (Up) view from above

arrows pan the map

shift-arrows rotate/tilt the map
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From Google Earth to 2D profile
Trace the profile
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From Google Earth to 2D profile
Get the elevation profile  
 
 
 
 
 
 
 
 
 
 
 
 
 

Check for possible errors, to be later corrected in XDigiMac
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From Google Earth to 2D profile
Get a screenshot of the elevation profile (cmd-ctrl-shift-4)

Launch XDigiMac

Create a new tablet (cmd-N)

Adjust the proposed tablet size if necessary

Paste the screenshot into the Tablet 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From Google Earth to 2D profile
Main elements of XDigiMac user interface
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From Google Earth to 2D profile
Give a uniform color to the profile  

 
 
 
 
 
 
 
 
 

Calibrate the digitizer
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From Google Earth to 2D profile
Digitize the uniform polygon and read it in a new tablet
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From Google Earth to 2D profile
Import a geologic map int Google Earth, and adjust its size so that it fits 
with the map  
 
 
 
 
 
 
 
 
 
 
 

Move the cursor along the elevation profile to read the distance of the 
geologic boundaries from the beginning of the profile, to be used in 
XDigiMac when drawing the layers
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From Google Earth to 2D profile
Draw the layers in the cross-section, and define the layer properties, 
including the “air” layer that defines the topography  
 
 
 
 
 
 
 
 
 
 
 
 
 

Digitize the layers and save the .pof file that describe the profile
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Profiles
Measure the azimuth of the profiles, and distance from the fault
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Profiles: Strike-receiver angle computation
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From Google Earth to 2D profile
Complete the parameter file for 2D hybrid computations

Parameters file for program pfdg13 (v0002)
---------------------------------------------------------------------------
Modal summation model
---------------------------------------------------------------------------
bedrock.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
1         High pass filter (0 no, 1 yes, 2 auto)
0.5       Lowest frequency in Hz with unit response
0.9       Ratio between cutoff and lowest freq with unit response     
0.00      Amplitude at cutoff
0         Interpolation for modal summation part 
8.        Source depth (km)
32.       Strike-receiver angle (SH modelling)
80.       Fault dip             (SH modelling)
170.      Fault rake            (SH modelling)
32.       Strike-receiver angle (P-SV modelling)
80.       Fault dip             (P-SV modelling)
170.      Fault rake            (P-SV modelling)
31.       Source-2D model origin distance (km)
5.5       Magnitude
1         Source (1=point, 2=extended)
none      File with source spectrum (only for extended source)
---------------------------------------------------------------------------
Finite differences model
---------------------------------------------------------------------------
cmca                              Generated FD model
cm-ca.pof                         Polygons with 2D part definition
2800      Max number of grid points along x (max 2800)
2000      Max number of grind points along z (max 1000x1000)
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)
0.000     FD model length from 1st column of seismograms (km) (0=auto)
0.0       FD model depth (km) (0=auto)
0.000     Grid spacing (km) (0=auto)
8         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)
20        Time window length (s) for 1D SH (0=auto)
20        Time window length (s) for 1D P-SV (0=auto)
20        Time window length (s) for 2D SH (0=auto)
20        Time window length (s) for 2D P-SV (0=auto)
0         Shift in origin time (SH)
0         Shift in origin time (P-SV)

---------------------------------------------------------------------------
Seismograms
---------------------------------------------------------------------------
0         Model origin-first calculated seismogram distance (*) (0=auto)
0         Grid points between seismograms (0=auto)
0         File with indexes of seismogram to plot (0=plot all seismograms)
0         Plots the seismogram of the bedorck (0=no, 1=yes)
0         File with ordinates of user's points to plot (0=no ,filename user's choice)
3         Computes aver and max spectra (0=no,1=only each comp, 2=only global, 3=both)  
0         File name of the normalizing spectrum (0=no,filename=file with spectrum)
0         Index of user seismograms to use as ref spectrum (0=no, must be from 1 to 4)
---------------------------------------------------------------------------
cntl files and scripts
---------------------------------------------------------------------------
1         Write cntl files (1=yes, 0=no)
1         Write script files (1=yes, 0=no)
0         Grid
---------------------------------------------------------------------------
programs used (in order: syl, syr, sylvdv, syndv, finit, finray)
---------------------------------------------------------------------------
syl0048.out
syr0048.out
sylvdv80.out
syndv80.out
finit80.out
finray80.out
---------------------------------------------------------------------------
Comments
---------------------------------------------------------------------------
(*) D*** (km): distance of the first site from the model origin
             (D.20: .200 km from the model origin)
    P*** (-) : number of grid steps from the model origin to the
               first site
               (P20: grid step of .010 km --> distance of .20 km)

columns--->          ms  ms+1 ms+2
            *|   *    *    *   |* 
 adsorbing  *|   *    *    *   |*      2D model
   zone     *|   *    *    *   |* 
            *|   *    *    *   |*

ms  : 1st column of input seismograms
ms+1: 2nd column of input seismograms


