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Site effects: Gubbio Valley (ltaly)

Ground motion increasing with increasing
distance from the source! (within the valley)
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1 - Resonance due to impedance contrasts, 2 - Focusing due to subsurface topography,
3 - Body waves converted to surface waves, 4 - Water content, 5 - Randomness of the
medium and 6 - Surface topography
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Earthquake based Reference Site methods

1) Standard spectral ratio: spectral ratio between the same ground motion
components of 2 close stations

2) Generalized inversion techniques: a spectral inversion is performed in order
to correct for the path effects if the reference station is faraway from the

actual one.
outcropping rock site soil site
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Fourier Amplitude Spectra A(f)
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Window selection in time domain :> Fourier amplitude and smoothing
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For standard spectral ratio, the distance between
the 2 stations should be at least 5 time smaller than
the hypocentral distance in order to assume that
the path is the same.

A close good reference site might not be available.

Also rock site may have their own site response
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EARTHQUAKE BASED NON-

REFERENCE SITE METHOD: guo7 Z
H/V spectral ratio (earthquakes)
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Window selection in time domain :> Fourier amplitude and smoothing
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Reference site versus no-reference site methods

The H/V does not represent the seismic transfer function of the site.

In the case of site amplifications dominated by the vertical resonance, many
studies in literature found that:

-the fundamental frequency of resonance estimated by the H/V is in good
agreement with the one estimated by the SSR method

-the ampilification of the H/V peak is generally a lower bound for the
amplification obtained by applying the SSR method

The H/V can fails in determining the amplification at frequencies larger
than the fundamental one, due to amplification of the vertical component.
In particular, for complex site effects (e.g. 2D-3D site effects), can

fail in estimating the site amplification.

Istituto Nazionale
di Oceanografia e di Geofisica Sperimentale

@E}



Seismic noise analysis

Single station noise measurements: H/V

Array measurements
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H/V spectral ratios
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The H/V can provide important information but
does not represent the seismic transfer function of

the site.
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Using seismic noise to estimate the characteristics of a site:
standard SPAC method

For every couple of stations (fixed the
distance r) the function ¢(w) can be
calculated in the frequency domain by
means of (Malagnini et al., 1993; Ohori
et al., 2002; Okada, 2003): Zeitsign Sy

1 & L A
~ YRe( S (@) 112].. ] m 1[2]..]..{m
M m jn N N

o() = =l TR g
1 & ud Fourier |- S f LN S }
\/ E m Sj]((D)E m Snn ((D) spektrum \M 1 =2 :

M = m=1 E =
where mSjn is the cross-spectrum for the mth ‘
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Estimation of the quality factor
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Studying and understanding soil-structure and site-city interactions
using real data sets

A
A
% % % « Do built structures modify the ground
% % % A0 motion?
AD0O ‘g o0 « Is energy being radiated back from
DO O 5 % % the building to the soil and if so, down
3 to which depths?

« Do interactions between built
structures take place through the

Soil?
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Long term aim:

Improvements in

» seismic risk

A assessment and
mitigation.
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Petrovic and Parolai, (2017)
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Wave propagation through building-soil-layers
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Deconvolution approach
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Methodology: Joint deconvolution of borehole and building recordings

‘deconvolved wavefields
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Outlook: Studying site-city interaction effects

Quantification of energy being radiated back contributes to a better comprehension of
interactions taking place between buildings and soill

== Better understanding of already existing urban areas, identification of regions of
higher seismic risk

=) Improvement of the building design and planning of urban areas

B> Improvements in seismic risk assessment and mitigation by taking these |
nteractions into account

Petrovic and Parolai, (2017)
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