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Warth bridge

The bridge was designed for a horizontal
acceleration of 0,04 g using the quasi
static method.
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Warth bridge
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WIEN

62.00 m

a

in the lab

67.00 m

The bridge was designed for a horizontal
acceleration of 0,04 g using the quasi
static method.

According to the new Austrian seismic
code the bridge is situated in zone 4 with
a horizontal design acceleration of about

0,1 g:a detailed seismic vulnerability
assessment was necessary.
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Warth bridge - Seismic sources

|) Database of focal mechanism
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Warth bridge - Seismic sources

|) Database of focal mechanism

2) Parametric study on focal mechanism: .
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Warth bridge - Regional model
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Warth bridge - Regional model
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Warth bridge - Local model
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Different source-sites configurations

Bedrock
model
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COMPUTATION OF SEISMIC INPUT

PRELIMINARY COMPUTATION

INITIAL source and structural models
3 components of motion
Displacement, velocity, acceleration

FINAL COMPUTATION

FINAL source and structural models
3 components of motion
Displacement, velocity, acceleration

SEISMIC INPUT DIFFERENTIAL SITE RESPONSE

MOTION
) ID 10 Hz Parametric study

2) 2D 8Hz

|) time domain
2) spectral domain

|) Fourier spectral ratios
2) Response spectral ratios



Parametric study | - 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 Strike Dip Rake Magnitude
(km) ) ) ) Ms (Mb)
16.120 47.730 18 190 70 324 5.5(4.9)

|) 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°)
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Parametric study | - 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.
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Parametric study | - 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.
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Transverse accelerograms M=5.5, d=6km
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Tranverse acceleration spectra
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Parametric study 2 - towards |Hz

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 | Hz,
frequency that corresponds approximately to that of the fundamental transverse mode of

oscillation of the bridge.
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Parametric study 2 - towards |Hz

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 | Hz,
frequency that corresponds approximately to that of the fundamental transverse mode of

oscillation of the bridge.
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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

|2 km deep at an epicentral distance of 30 km.




Parametric study 2 - FS & RSR
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Parametric study 2 - FS & RSR
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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)



Parametric study 2 - towards |Hz (site)
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Fourier Amplitude spectra
M=5.5; d=8.6km; h=5km
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Fourier Amplitude spectra
M=5.5; d=8.6km; h=5km



|

SS1a_1
SS1a_2
SS1a_3
SS1a_4
SS1a_5
SS1a_6
SS1a_7
SS1a_8

SS1b_1
SS1b_2
SS1b_3
SS1b_4
SS1b_5
SS1b_6
SS1b_7
SS1b_8

SS1c_1
SS1c_2
SS1c_3
SSi1c_4
SS1c_5
SS1c_6
SS1c_7
SS1c_8

Fourier Amplitude spectra
M=5.5; d=8.6km; h=5km
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Fourier Amplitude spectra
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Site response estimation
M=5.5; d=8.6km; h=5km




Site response estimation
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Site response estimation
M=5.5; d=8.6km; h=5km




Site response estimation
M=5.5; d=8.6km; h=5km

M=6.5; d=30.0km; h=12km
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Synthetic accelerations and diffograms
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Extended source model

15 -

2-dimensional final slip distribution over a source
rectangle, shown as a density plot. Preset magnitude
value Mw=7.0. Rupture front evolution was simulated

kinematically from random rupture velocity field.

10 4

1 1 - 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45
front time step 0.86 s, X, km



Extended source model

2-dimensional final slip distribution over a source

rectangle, shown as a density plot. Preset magnitude
value Mw=7.0. Rupture front evolution was simulated

kinematically from random rupture velocity field.
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Extended source model

15 -

2-dimensional final slip distribution over a source
rectangle, shown as a density plot. Preset magnitude
value Mw=7.0. Rupture front evolution was simulated

kinematically from random rupture velocity field.
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Directivity parametric study

front time step 0.21 s, x, km




Directivity parametric study
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ESp towards directivity

| 1 | ]
1 2 3 4 5
front time step 0.20 s, x, km




ESp towards directivity
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Directivity & PGV - PGA
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Directivity & PGV - PGA
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Directivity & SV




Directivity & SA




Implementation of PSD tests

Numerical models for the
substructured piers A20, A30

Numerical models for the
substructured piers AS0, A60

Numerical model for the deck
and PSD master

Warth Bridge
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Application to the Warth Bridge, Austria
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Implementation of PSD tests
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(a) physical piers in the lab, (b), schematic representation
(c) workstations running the PSD algorithm and controlling the test



Force-displacement for Low-level earthquake - |dentification of insufficient seismic detailing. tall pier
experimental results Pier A40 A40, buckling of longitudinal reinforcement at h =

3.5m

Damage pattern after the end of the High-Level Earthquake PSD test, short pier A70.



