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& Regional scale - Structural model

Polygons that define different structural regions (lon,lat)

Regional region@e@l
12.550 38.070
polygons 12.770 38.200
12.940 38.050
13.090 38.090
13.070 38.160
|-D layered 13.350 38.250
anelastic structures 13.450 38.125

13.550 38.135
13.800 37.980
14.025 38.050
Structural model 14.650 38.070
14.780 38.180
14.980 38.200
15.110 38.1590
15.300 37.810
15.1490 37.379
14.280 37.070
13.9490 37.080
12.980 37.580
12.690 37.549
12.460 37.800
region@@e2
15.110 38.1590
15.300 37.810
15.680 38.235
15.690 37.950
16.100 37.900

15.140 37.370
15.323 37.264
15.381 37.030
15.160 36.795
15.190 36.641
14,501 36.801
14.280 37.070
region@e16
13.900 45.5590
13.680 45.550
13.680 45.6590
region@0252
13.850 45.900
13.950 45.638
13.900 45.550
13.500 45.750
13.500 45.900
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& Regional scale - Sources
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Earthquake Seismogenic Focal
catalogue zones mechanisms

-------------------- FPGNDT.DAT --Revised- July 1, 1977 ————eeeecccccccccccccee-"
NUMBEA YEARMODY HRMISEC LA.TITN LON.GITE DEPT MLMDMSMBMA AGEN AREADESCRI

NUMBEF ST1 D1 RA1 ST2 D2 RA2 PDI PI TDI TI BDI BI Q REFE AREADESCRI

NUMBEM M@® SF REFE DURA F2 MOXX ER1 MOYY ER2 MOZZ ER3 MOXY ER4 MOXZ ER5 MOYZ ER6
NUMBET HDR SF M@ TVAL TD TAZ NVAL ND NAZ PVAL PD PAZ AST AD ARA BST BD BRA REFER
NUMBEU SF SMRR ER1 SMTT ER2 SMFF ER3 SMRT ER4 SMRF ER5 SMTF ERG6

44A 19591223 929000 37.720N 14.610E 770 0 @ 0 053 SICILY
00044F 077 43 004 344 87 132 041 29 289 34 161 43 0001 SICILY
54A 19671031 2108000 37.840N 14.600E 380 0 @ 0 050 SICILY
00054F 009 61 189 274 80 333 228 27 324 13 077 60 0001 SICILY
S57A 19680115 133000 37.890N 13.080E 200 0 @ © 051 SICILY
00057F 040 82 046 302 46 168 163 23 272 37 049 45 0001 SICILY
58A 19680115 201000 37.780N 13.030E 30 0 0 @ 054 SICILY

00058F 204 70 015 108 75 159 157 @4 065 25 255 65 0001 SICILY
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& Regional scale - Sources
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Magnitude discretization
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& Regional scale - Sources

Magnitude discretization
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& Regional scale - Sources
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& Regional scale - Sources
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& Regional scale - Sources

Magnitude discretization
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Regional scale - Discretized Magnitude
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. Regional scale - Sources inside SZ
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Regional scale - Sources inside SZ
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& Source definition - Radiation pattern
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s Source definition - Scaled point source

30
@ The moment-magnitude relation vo.-
by Kanamori (1977) is used ]
28
@ At first synthetic seismograms are ]
computed for a unitary scalar e N
seismic moment (| dyn cm) :
€26 \\ N
@ Then they are scaled for magnitude s NN
in the frequency domain according s \\‘
to the spectral law by Gusev (1983) =242 N
as reported in Aki (1987) } ™
23 <
] N
; N
£ =
21 f
20— ARRIRELLI LR ALY

-3-25-2-15-1-050 05 1 15 2
log (Frequency)
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& Source definition - Scaled point source

© Source kinematic model

Far-field source time histories and their spectra.

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

L) n - L) L) n L) L) n n
0 5 10 15 20 25 30 35 40 45

front time step 0.86 s, X, km P ‘/‘“"J\’W‘/\/\\*\ i Az=180°
2-dimensional final slip distribution over a source _ |
rectangle, shown as a density plot (Mw=7.0). TN pa=90°
Rupture front evolution was simulated : \
. . . '\/\‘ Az=0°
kinematically from random rupture velocity field. |
o 5 10 15 20 2‘5 30 35time 430

£ - E

( G 2 O I I §27 E o5 524

usev, ) : § :

=26
5 ? 24 &23
E 2 =
o 25 8 o
a ®
a 223 8 22
524 8 ®
8 = = Aze90° § g
g 23 cev Az=180° vg22 § 21
- g . 2
g 2 -1 0 1 = 2 -1 0 1 g2 -1 0 1
= log, (f, Hz) log, .(f, Hz) log, ,(f, Hz)
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e Example computation - Ground shaking
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e Example computation - Ground shaking
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@ Regional Scale - Displacement
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¢ Regional Scale - Velocity
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Displacement

Amplitude of Peaks from Time Series
(IHz) T of Peaks from Fourier Spectra
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e Velocity

Amplitude of Peaks from Time Series
(IHz) T of Peaks from Fourier Spectra

10° 117 12° 13" 14" 15" 16" 17° 18" 19" 20° 6° 7° 8 9 10" 11" 12° 13" 14" 15" 16" 17° 18" 19" 20°
. - 48° N NN . -

7 8 9
48° [ - 48°

.

47° ! 7

; 7
/ / % / : /
o - 4 j—— ~ o0 seee00
. / ;/Lﬁ%fflfm5 4 ' eees N < ,fiqué 00 o0 @
46 # ¥ o0 e00ceccece 46 % 5% ° Bt oo
s e i ;{ e eec000 »¢£b“ 00 eeeed . 7 1. ee oo
Ve et T Ll e F
5 L4
45° f;: 000000000000 06! eoenst,
000000000000 e00 oo Y1 a
£ - vse00000 oW
I %\ » - 00000000 00

- ®
°

(XX IYYYY 1) ° o
eeceecccocee oo o (1
eescc0co0e e o _oeoo

e0000c0000
eeoecoe0co0e

W\S'g\\'\ ,- ﬂl 41°
TRRRIND,
(

Corso di Rischio Sismico e Vulcanico - Esercitazioni



Acceleration

o
=

Amplitude of Peaks from Time Series

(IHz) T of Peaks from Fourier Spectra
10° 11° 12° 13° 14° 15° 16" 17° 18" 19° 20° 6

10° 11° 12° 13" 14" 15" 16" 17° 18" 19" 20°

’ [ | [ | [ | [ | [ ] [ ] 48°

W I47
00000000000
0000000000000 0
0060000000000000000
#8000000 000000000000
b 00000000600 0000000 5/0000.....00*9 e
000000000000000 Q@oooooooﬁh
I ooooooooooooooooooooooooj’
00000000000000000000000000
000000000000000000000000000),
00000000000000000000000000¢
4 00000000000000000000000000
I 00000000 0000000000000000

(Y YYT) 0000000000000
(Y} ‘9000000000000,
0000000000000
0000000000000 00 ;
000000000000000 s
000000000000 000 SN
N $000000000000000 R s
a¢ 0000000000 00000 =
s eeev 000000000
“00000000000000 . S
000000000000 , pes
0000000000000 )
0000000000000000000
90000000000000000
00000000000000 I

|

4 . ) -

o O ¢ ‘}\ a- <)

) \\L sPe00000000: . Ay
eeoc000e

Siinschersesviie : 42°
A (9) ' \\{;ooooooooooo C .

% Sty I
, Dy o
< ‘%....... N p 41
s o 0000000 i
3 ' o ; ~ 4
7

42°

o s

. S

¢ ' oo 39°
2,000 C L e

[ X ]
)

N
S

39°

kS e00 I
1.000 ) ; o o
Ny %-ooo::oooooo::. . 38
eov0000000
eoc0000

38°

|
|
-
|
|
|

)
n
<
S e e —

Corso di Rischio Sismico e Vulcanico - Esercitazioni



rrrr

acceler ation (gAO)

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

o _________________ TOLI\/I

0 5 10 15 20 25

.
time (s)

VERY complicated source model

Point-source inadequate to reproduce

duration, but peak value is OK

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

Comparison with two grid nodes
close to the Tolmezzo station
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& Regional Scale - Check (| Hz cutoff)

o 90

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

o _________________ TOLI\/I

acceler ation (gAO)

0 2 4 6 8 10 12 14 m 5 10 15 20 o5 30

time (s) time (s)
Comparison with two grid nodes With a sequence of point sources the
close to the Tolmezzo station duration can be reproduced but this is

deliberately neglected since rupturing
process is nhot 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

Response spectrum
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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

Response spectrum
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@ Rule of thumb for a rough estimate of the resonance period:
T=1 s every |0 floors, but it strongly depends on the building
characteristics (type of construction, geometry etc)



s Design Ground Acceleration (DGA)
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©)

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

o
~

] @ Design Ground Acceleration: 0.2 g
1 —— EC8-Soil A

— synt -Soil A

(@) — 8
Ol (@))
Ly o

> o
N W
L1 1 ! L1 1 ' | ! I L_1_1 ! L1 1 }

O
~

Sa (@)

o
=,

O
o

1 IIIIII
05 10 15 20 25 30 35 40 45 50
T(s)

£
o

Corso di Rischio Sismico e Vulcanico - Esercitazioni



. Acceleration

H(O))

Amplitude of Peaks from Time Series DGA Extrapolated by Means of
(IHz) 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

1.4
1  Design Ground Acceleration: =0.4 g — synthetic
1.2
1 — EC8 soil “A”
1.0—: —— Sturno NS
] Sturno Z
—~ 0.8
22
&

Irpinia, 1980: M =6.9

o
o
L1 1
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. Acceleration

H(O))

Amplitude of Peaks from Time Series DGA Extrapolated by Means of
(IHz) Design Spectrum
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