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Shaking = source*path*site

Site effects
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Presenter Notes
Presentation Notes
But to answer these questions, let's start by explaining why buildings collapse during an earthquake.

The reason is simple: an earthquake is caused by the sudden and very rapid movement of a seismic fault. This movement generates seismic waves that propagate from the depths to the surface. These waves, especially S-waves, shake the base of buildings in a horizontal direction. If they have not been designed and built to withstand this horizontal shaking, buildings will be damaged and sometimes destroyed.

Earthquakes are not killing people. Building do. 




Game changer: high -quality datasets: global
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Game changers: high -quality datasets: local
Example of the red zone of Campi Flegrei
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How can we improve ground -shaking prediction
with more data?

1. Calibration of local (Iimear) site-amplification models

2.From weak motion to strong motion
* Calibration of non-linear models of soilbehavior
* Magnitude scaling of stress-drops

3. Frontiers
* Are induced/triggered earthquakes different from tectonic events?
* Are source properties magnitude/depth dependent?
* Toward the prediction of time histories
* The high frequency frontier (attenuation): localrecords needed
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Machine learning prediction of  “linear ” site response using
single -station records ( seisamp )
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High resolution amplification map resulting from the
analysis of both smartphones and seismological records
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European amplification model based on slope and geology

Weatherill G, Crowley H, Roullé A, Tourliére
B, Lemoine A, Gracianne C, Kotha SR, Cotton
F (2023) Modelling site response at regional
scale for the 2020 European Seismic Risk
Model (ESRM20). Bulletin of Earthquake
Engineering 21(2): 665-714




From weak motions to strong motions:
Velocity variation measured by autocorrelation at station KMMH 16 from
2002 to 2020 (Kumamoto Earthquake sequence)
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In situ relationship between shear
new way to calibrate non

-modulus and strain (PGV/vs30). A

-linear models of soil behavior
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significant nonlinearity (frequency shift)

ECH-draft soil classes
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Level of shaking producing
“significant” non -linear effects
for EC8 soil classes

Ground class Ground type

Vg g range

Very shallow: Zgos < 5m
Shallow\intermediate: 5m < Zgps < 100m
Intermediate: 30m < Zgpg < 100m
Intermediate: 30 m < Zggg < 100 m

Very shallow\shallow: Zgps < 30m
Intermediate\deep: Zgps > 100m

TEoaQweE

250m/s < Va1 < 800m/s
400m/s < Vg < 800m/s
250m/s < Vg < 400m/s
150m/s < Vg < 250m/s
150m/s < Vgu < 400m/s
150m/s < Vg g < 400m/s
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High variability from one station to another

within the same site class

Loviknes , K., Bergamo, P., Fé&h, D., and Coffon, F. (2024).
Systematic assessment (1997 - 2024) of nonlinear soil behaviour at
KiK-NET sites in Japan. thresholds and confrolling site factors.

Earthquake Spectra, in press
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From weak motion to strong -motion:
Variation of stress -drop with magnitude (Western  -Europe, 1990 -2020)
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Variation of stress -drop with magnitude and depth

R —-=— fe 25Hz ¢ Boraetal. (2017)
i ¢ Boraetal (2017) & Edwards and Fah (2013)
3 7 ¢ Edwards and Fih (2013) 31

stress drop logig[MPal
stress drop logio[MPa]
o

2 4 6 80 250 0 20 40 60 0 250
Mw (b) depth[km]

Yen M-H, Bindi D, Oth A, Edwards B, Zaccarelli R, Cotton F (2024) Source parameters and

'///// G FZ Helmholtz Centre scaling re/af/oysh/;os of sfr.ess drop for shallow crustal seismic events in Western Europe.
J for Geosciences Journal of Seismology 28: 63 -79. 13




5400000+

Variation of stress -drop
with depth (central
Italy)
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Machine -learning -based simulation of time histories
Model Conditioned on parameters [Mw, R, Vs30]

Data preparation step Training step (CGAN) Phase retrieval step
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TFCGAN: Time-Frequency Conditional Generative Adversarial network
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Quality factors and attenuation are highly site specific
(on site records needed)

Pilz, M., Coffon, F., & Zhu, C. ( 2025 ).
Site-response high -frequency frontiers
and the added value of site  -specific
earthquake record -based
measurements of velocity and
attenuation. Earthquake Specira,
87552930241311312.
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How can we improve ground -shaking prediction
with more data?

1. Calibration of local (Iinear) site-amplification models

2.From weak motion to strong motion
* Calibration of non-linear models of soilbehavior
* Magnitude scaling of stress-drops

3. Frontiers
* Are induced/triggered earthquakes different from tectonic events?
* Are source properties magnitude/depth dependent?
* Toward the prediction of time histories
* The high frequency frontier (attenuation): localrecords needed
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Site specific amplification (site term)
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In(GM,) = Fyy(M) + Fr(R, M) +|652S,}+ 6B, + SWS,q

Example of the site term at the station AQV Aquila
Italy (13 records)

Kotha SR, Bindi D, Cotton F (2017) From Ergodic fo Region - and Site -
Specific Probabilistic Seismic Hazard Assessment: Method Development
and Application at European and Middle Eastern Sites. Earthquake
Spectra 33(4): 1433 - 1453
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European amplification model based on slope and geology
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Modelling site response at regional scale for the
2020 European Seismic Risk Model (ESRM 20 ).
Bulletin of Earthquake Engineering 21(2): 665-714
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Peak Ground Acceleration (g)
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Method: data -analysis,
partitioning and quantification

« = Between-event residual: earthquake is

more or less energetic than average for
the source properties (M, SoF, depth etc.)

« = Within-event residual: ground motion at

sites higher/lower than expected given
the distance and site properties

Al Atik L, Abrahamson N, Bommer JJ, Scherbaum F, Cofton F, Kuehn N
(2010) The Variability of Ground - Motion Prediction Models and Its
Components. Seismological Research Letters  81(5): 794 -801.
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Game changers: high -quality datasets
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