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SHA

In many applications a recursive analysis, where deterministic
interpretations are triggered by probabilistic results and vice

versa, will give the greatest insight and allow the most
informed decisions to be made.
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1) Database of focal mechanism

2) Parametric study on focal mechanism:
    strike
    dip
    rake
    depth

Maximum Credible Earthquake

Maximum Design Earthquake

Maximum
Historical

Earthquake

Longitude
(°)

Latitude
(°)

Focal
Depth
(km)

Strike
(°)

Dip
(°)

Rake
(°)

Magnitude
Ms (Mb)

16.200 48.030 180 20 90
15.920 47.730 3 90 81 311 (4.7)
15.950 47.850 1 100 70 31 (5.4)
16.120 47.730 18 190 70 324 5.5 (4.9)
16.020 47.730 19 127 80 190 4.4

Source models



Definition of str. models

Initial regional model
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Definition of str. models

Initial LHM - Warth bridge - model
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Definition of seismic input

Different source-section configurations

 Bedrock
   model

S1 S2S3

S1
Strike = 190˚
Dip = 70˚
Rake = 324˚
Depth = 5 km
Mw = 5.5
Distance = 8.7 km

S2
Mw = 5.5

Distance = reverse

S3
Mw = 6.0
Distance = 50 km
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Seismic input-Fourier

Synthetic accelerations and diffograms

Frequency domain - Amplitude spectra
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Seismic input-Fourier
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Frequency domain - Amplitude spectra

Seismic input-RSR
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PARAMETRIC STUDY - Fp towards MCE

All the focal mechanism parameters of the original source model have
been varied in order to find the combination producing the maximum
amplitude of the various ground motion components.

Longitude (°) Latitude (°) Focal Depth
(km)

Strike
(°)

Dip
(°)

Rake
(°)

Magnitude
Ms (Mb)

16.120 47.730 18 190 70 324 5.5 (4.9)

1) Strike angle (Depth=5km)

2) Rake angle

3) Strike-Rake angles variation (Dip=45°)

4) Strike-Rake angles variation (Dip=70°)

5) Strike-Rake angles variation (Dip=90°)

6) Depth-Distance variation 

    (Strike=60°, Dip=70°,Rake=0, 90°)

The computations of synthetic seismograms (displacements, velocities
and accelerations for the radial, transverse and vertical components)

have been carried out with cut-off frequency 10 Hz.

Parametric study 1 - FP

Parametric study 1: strike
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Parametric study 1 - FP

Parametric study 1: rake

Polar plot of the
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Parametric study 1 - FP

Parametric study 1: dip

Polar plot of the
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a) acceleration (cm/s2)
b) velocity (cm/s);

c) displacement (cm)

versus the dip angle
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components:
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Parametric study 1 - FP

Parametric study 1: h&d

Plot of the maximum amplitude of the

acceleration  ground motion - cm/s2 -
versus the

epicentral distance
and

source depth
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Parametric study 1 - SI

Tranverse accelerograms M=5.5
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Tranverse acceleration spectra
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PARAMETRIC STUDY 2 - Fp towards 1Hz
Another parametric study has been performed in order to find a seismic source-

Warth site configuration providing a set of signals whose seismic energy is
concentrated around 1 Hz, frequency that corresponds approximately to that of

the fundamental transverse mode of oscillation of the bridge.

The results show that, in order to reach a relevant value of PGA (e.g. greater
than 0.1g) in the desired period range (i.e. 0.8-1.2 s), an alternative and suitable

configuration is a source
12 km deep at an epicentral distance of 30 km.
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Parametric study 2  - FS & RSR

The results show that, the local structure beneath the Warth bridge greatly amplifies the
frequency components between 3 and 7 Hz, i.e. a frequency range not corresponding to the

fundamental transverse mode of oscillation of the bridge (about 0.8 Hz)
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Parametric study 3 - LM 

Parametric study 3 - LMp towards 1Hz

Local
geotechnical
models of
Warth bridge
section
obtained
lowering
successively
the S-wave
velocities of
the uppermost
units
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c)

1000

1100

125100

Bedrock 1900

130 140 150 200 250

S wave velocities (m/s)

Case study examples

Parametric study 3

FAS
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Case study examples

Parametric study 3

RSR
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Case study examples

Synthetic accelerations

and diffograms
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Parametric study - ESp towards directivity

1st rupture model: bilateral at 3 positions



Parametric study - ESp towards directivity

1st rupture model: bilateral at 3 positions

Parametric study - ESp towards directivity

1st rupture model: bilateral at 3 positions



Parametric study - ESp towards directivity

1st rupture model: bilateral at 3 positions

Case study examples

Parametric study - ESp towards directivity

2nd rupture model: unilateral at 3 positions



Case study examples

Parametric study - ESp towards directivity

2nd rupture model: unilateral at 3 positions

Case study examples

Parametric study - ESp towards directivity

2nd rupture model: unilateral at 3 positions



Case study examples

Parametric study - ESp towards directivity

3rd rupture model: different vr at 3 positions

Case study examples

Parametric study - ESp towards directivity

3rd rupture model: different vr at 3 positions



Case study examples

Parametric study - ESp towards directivity

3rd rupture model: different vr at 3 positions

Parametric study 4 - ES 

Parametric study 4 - ESp towards directivity
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