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The Grenoble’s basin model @ ESG2006

Surface topography Bedrock topography Vp, Vs & Qp, Qs
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Chaljub et al., 2006 Gravimetry measurements (Vallon, 1999) :
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DH measurements
(Cornou, 2002)

ESG2006 benchmark on ground motion simulation : Chaljub et al. (2010)




Does the Grenoble’'s model @ ESG2006
reproduce observations ? (1)
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Simulation of seismic ambient noise between 0.2 and 1.1 Hz (Cornou et al., 2008)
FD scheme (Moczo and Kristek, 2002)




Does the Grenoble’'s model @ ESG2006
reproduce observations ? (1)

H/V peak frequency

real data (fr) Synthetics (Fs) Hz
R 1 2035000 3
2032000 g 2032000
0.9
20300001} 2030000{ A
& ¢ 2 08
2028000{ S8 20260001
07
E 2026000 é 2026000, 2030000 -
£ 2024000 E 20240001 0.8 -
2022000 L 20220001 o @
04 3
2020000 w L 20200004 &
2015000 2018000 0: £ 20250001 L
$60000 864000 368000 672000 876000 860000 534000 563000 872000 §76000 02 9
meters mefers 35
=
©
Relative deviation - — i
(Fs-Fry/Fr
20320007 L 1 L L L L L L "7 |n 0/0
20300004 3 W,f.:f o B
20280001 ' g QS“" 150 ) =3
. % & 2015000 . - B H/V sites -
5 2025004 ‘* ‘ L P10 . i
3 Y = " . ® Array sites
£ 20240004 I’) 3 F| ka0 " "
; -
20220001 Ja F L . -
T T T T T
20200004 5\ i 860000 865000 870000 875000 880000
' 50
20180004——————————— )
QRANNN RAANNN ZARNAN RTINAN RTRNNN Longltude (meterS)

» Largest differences close to basin borders

= In basin center, slight overestimation of actual
H/V peak frequencies for sites with fH/V > 0.6 Hz




Does the Grenoble’s model @ ESG2006
reproduce observations ? (1)
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= In basin center, slight overestimation of actual .

Sligth under/over-estimation of phase velocity for f > 0.8 Hz
H/V peak frequencies for sites with fH/V > 0.6 Hz

Grenoble’s model @ ESG2006 suitable for reproducing H/V and dispersion estimates up to 1 Hz




Does the Grenoble’'s model @ ESG2006
reproduce observations ? (2)
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Improvement of the Grenoble’s model: near-

surface geology

Different beds of the drac from the Middle Age to nowadays

LES DIFFERENTS LITS DU DRAC

R e Infilling of the valley :

Adapted from Lacroix (1970)

>
1
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= Two (glacial-interglacial cycles (Riss-Wirm and
Holocene periods)
\ » Erosive phases followed by a lake infilled with fine
homogeneous sediments (sandy or clayey silts).
= Lake deposits covered by heterogeneous alluviums
coming from 2 rivers: the Drac river and the Isere
river.

Actual emplacement
of the Isére river

Actual emplacement The Isére river: mainly fine deposits (clay, silt)

of the Drac river

/

Limits of the Drac

The Drac river : highly energetic river with several large

river before the 13th . ) .

century floods in the past; mainly coarse materials (gravels,
Different emplacements Sand)

of the Drac river from

13th to 18th century




Improvement of the Grenoble’s model in the
near-surface: near-surface geology

Collection of 1350 geological or geotechnical logs (Cartier and Cornou, 2016; National borehole database, https://infoterre.brgm.fr)
Borehole depth > 10 m

Types of information: Andina penetrometer test; Destructive drilling description log; Pressuremeter test with geological
interpretation; resistivity
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Soreholes

Improvement of the Grenoble

‘s model in the

near-surface: near-surface geology
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Main geological facies in the top 20 m:
= Gravel

= Sand

= clay/silt

Lateral variation at basin and local scales
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45.10°NH

Improvement of the Grenoble’s model in the
near-surface: geophysical data
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Vs in intermediate to deep
layers slightly lower than
ESG2006 model

Large varialibity of near-
surface velocities

Collection over the last 15 years
by various teams of active and
passive surface waves (Bettig et
al., 2001; Tsuno et al., 2008;
Garofalo et al., 2016; Hollender et
al., 2018; H. Kawase’s team; etc.)

110 sites with active surface
waves measurements (MASW)

15 sites with passive surface

waves array measu rements
(ARRAY)




Improvement of the Grenoble’s model in the
near-surface: geophysical data

ESG2006

~ Bedrock@250m ESG2006 model
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Improvement of the Grenoble’s model in the
near-surface: correlation between geophysical
and geological facies

868 500

Main facies Vs (m/s) Uncertainty
(%)
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Specific MASW measurements at borehole locations
Surface waves inversion constrained with the geological layering information

Correlation between geological facies and Vs => inferred Vs profiles at borehole sites
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Improvement of the Grenoble’s model in the
near-surface: Vs10 distribution @ borehole sites

Drac river
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Spatial distribution of phase velocities
(a)
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Consistent phase velocities distribution with all surface wave measurements
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Quantification of spatially variable elastic
properties: main principles
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Quantification of spatially variable elastic
properties : what do we know ?

I Spatial sampling not always respected !
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Quantification of spatially variable elastic
properties

Vs from the surface to 20 m depth inferred from geological
boreholes

COV and Ox estimated at each borehole location provided at

least 10 boreholes located within 200 m from the target
borehole.

45.20°N

Exponential decaying auto-correlation function

YO 5 70°E 5 735 Clay formation (east zone) : mean COV of 30 +/-11%
Gravel formation (west zone) : mean COV of 40 +/- 4%
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Quantification of spatially variable elastic
properties

Vs from the surface to 20 m depth inferred from geological
boreholes

COV and Bx estimated at each borehole location provided at

least 10 boreholes located within 200 m from the target
borehole.

45.20°N

Exponential decaying auto-correlation function

5.68°F 5 70°F 5 79°F Clay formation (east zone) : mean COV of 30 +/- 11%
Gravel formation (west zone) : mean COV of 40 +/- 4%

Phase velocity  Correlation distance (m)

{ J'r.) :j”": - . - - .
B 100 oo Ox exhibit slightly lower values in the western
5;33 ® 30-40 zone compared to the eastern one

® 40-50 - -
1250 ® 5060 Mean Ox including both zones: 20 m +/-5m
1 300 ¢ Boreholes

W 350 Similar range of COV and Ox values in B and C zones




Concluding remarks

45.25°N

Phase velocity at 10 m wavelength

Strong lateral variation of Vs within the first top 20 meters in
relation with the deposits from the Drac (gravels, sand) and
Isere (clay, silt) rivers

45.20°N

Vs model @ ESG2006 is definitely too «fast» in the first 20 to
30 m

45.15°N

45.10°N

5.70°E 5.75°E 5.80°E

Spatial variability of the near-surface elastic properties:

Clay dominated formation : mean COV of 30 +/- 11%
Gravel dominated formation : mean COV of 40 +/- 4%

Mean Ox including both formation : 20 m +/- 5 m
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Thank you for your attention



