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Site effects

Site effects are:

/ =
= Complex phenomena's o
]

Still challenging to model in GMM
= Lead to high uncertainties at high frequencies (>3 Hz)

Magnitude M|._Mj. M.,

Fault rupture M,
Stress drop o

Ground motion = Source x Path x Site

Pealk values PGA, PGV
Frequency values PSA, FAS
Time series a(t,f)

Duratlon D559,
Frequency modification f;

Geometric spreading Re, Rh, Rjb
Inelastic attenuation Q;(f)
Scattering Qqc.:(f)

1D/2D/3D resonances
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Focusing/defocusing effects

Zhu et al. (2022
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Slte-specmc SHA in urban and industrial areas

Current models accuracy and resolution are
insufficient (e.g. ESHMZ20)

However difficult instrumentation

High and variable anthropic noise
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How could SHA be estimated speifically in
targeted areas based on empirical approaches? 0 -




Stations de référence
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Regional and coherent site effects assessment using GITn

Ground motion = Source x Path x Site
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GIT amplification

GIT amplification
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Regional and coherent site effects assessment using GITn

Ground motion = Source x Path x Site ® gar::)cr:;akes
GIT is restricted to: L e L
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Spectral ratio on teleseismic P-waves (SSRp)

GIT (local to regional EQs)
m— P-ywave SSR (teleseism Re > 1000 km)
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Standard Spectral ratio (SSR)
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Local amplification (SSR)
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’ Nice + Var Vall

* 160 points
* 4 days in total
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Site effect assessment at high resolution
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Site effect assessment at high resolution
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Ground motion = Source X Path x Site
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Site effect assessment at high resolution from ambient noise
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Site effect assessment at high resolution from ambient noise: The HVSRn

The horizontal-to-Vertical Spectral Ratio
(HVSRnN) on the ambient noise recorded
at one single station

Nogoshi and Igarashi (1971)
Nakamura (1989)

HVSRn amplitude # site amplification

The fundamental

frequency (f,) can be
identified by the peak
of the HVSRn curve:
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Site effect assessment at high resolution from ambient noise: The SSRn

SSRn =

|PSDx (f)|

|PSD,..;(f)|
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Site effect assessment at high resolution from ambient noise: The SSRh

SSRs SSRh T

Spectral ratio of ambient noise recordings between stations located
inside the basin to estimate the spatial variation of the site amplification
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Rock-referencing using the SSR of earthquake
recordings at a few stations inside the basin
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Site effect assessment at high resolution from ambient noise: The SSRh
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Combining empirical approaches to benefit from each method’s strengths

jon = hx Sit : ;
Ground motion = “ource x Path x Site Ground motion = Source x Path x Site
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Combining empirical approaches to benefit from each method’s strengths

Asioun aba

®

Balm
-Sillingy

L ey
LT 2500 5000
I

= 100 nodes Zland (1 month)
= 35 nodes SmartSolo (1 day)

Grenoble

6
RN ssEReb
%, Fontaine
", sSaRE0s— 1
SK ot

= 71 nodes SmartSolo (1 day

/4 4
o

: Te Chalp
I > ’ J
Saint-
Martin. '_\'\
dTleres = o)
-~ ool > / !

1GN, Esri, HERE, Gamin,
INCREMENTP. USGS. METIN

= Nice & Var valley: 80 nodes
SmartSolo (1 day each)




Combining empirical approaches to benefit from each method’s strengths
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Conclusions

v" The combination of various empirical approaches
(GIT, SSR, and SSRh) is promising for performing
site-specific SHA at high resolution and with a
coherent referencing

v" Dense array of ambient noise measurement can
be done inside big cities

v The SSRh is effective, even in urban areas

v" The SSRh is a very convenient tool to perform
micro-SHA




Perspectives

» The GIT site amplification could be extended at

lower frequencies (<0.5 Hz) using the spectral ratio "Deconvolved GMPEs" Shible et al. (Deliverable D2.2.5.1)

of coda waves (SSRC) 1. Database building 3. Recordings correction 4. GMMs derivation
. _ EE u;c;zr’zﬁrge: ol »|  a. Response spectra GMM

» The referencing could be scaled to Vs30=800m/s to 1) -] _ 1

be consistent with the French and European hazard ] : uggg;;g;d;g'S “ﬁ%

map of the ECS8 2. GIT computations e . g’zo 0 e
» The amplification model could be computed in A, G Aye NSO | I b. Fourier domain GM

response spectrum to obtain hazard map N

a. parametric GIT  b. non-parametric GIT 15|  site forms

> The amplification function could be computed based """ " [ \/\

on previous H/V points using the canonical choce ofrefe[em i " et
correlation approach (e.g. in Grenoble)

Station characterization when needed
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Can site effects be assessed from ambient noise ? The SSRh

Residual = log(SSRh)—log(SSR) — . —_—
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Can site effects be assessed from ambient noise ? The SSRh

Residual = log(SSRh) — log(SSR)
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Can site effects be assessed from ambient noise ? The SSRh

1.4 Hz 4.1 Hz
1.4 Hz 41Hz 85Hz 20.2Hz
21 50 inte‘metf:liate 'stallori o
T
S
(D)
4|
2F |
' ' 8.5 Hz 20.2 Hz
10° 10"
Frequency (Hz)

Visible spatial dependence of the

residual, but varies with frequencies.




	Section par défaut
	Diapositive 1 Overview of recent progresses on the empirical assessment of site response
	Diapositive 2 Site effects
	Diapositive 3 Site-specific SHA in urban and industrial areas
	Diapositive 4 Regional and coherent site effects assessment using GITn
	Diapositive 5 Regional and coherent site effects assessment using GITn
	Diapositive 6 Spectral ratio on teleseismic P-waves (SSRp)
	Diapositive 7 Standard Spectral ratio (SSR)
	Diapositive 8 Station deployments
	Diapositive 9 Site effect assessment at high resolution
	Diapositive 10 Can site effects be assessed from ambient noise ?
	Diapositive 11 Site effect assessment at high resolution from ambient noise
	Diapositive 12 Site effect assessment at high resolution from ambient noise: The HVSRn
	Diapositive 13 Site effect assessment at high resolution from ambient noise: The SSRn
	Diapositive 14 Site effect assessment at high resolution from ambient noise: The SSRh
	Diapositive 15 Site effect assessment at high resolution from ambient noise: The SSRh
	Diapositive 16 Combining empirical approaches to benefit from each method’s strengths
	Diapositive 17 Combining empirical approaches to benefit from each method’s strengths
	Diapositive 18 Combining empirical approaches to benefit from each method’s strengths
	Diapositive 19 Conclusions
	Diapositive 20 Perspectives
	Diapositive 21
	Diapositive 22 Can site effects be assessed from ambient noise ? The SSRh
	Diapositive 23 Can site effects be assessed from ambient noise ? The SSRh
	Diapositive 24 Can site effects be assessed from ambient noise ? The SSRh


