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Numerical simulations are often used to evaluate local ground motion amplification (site
effects). Before using these approaches for civil engineering design purposes, it is necessary to
evaluate their reliability. Within the framework of this evaluation effort, an ongoing
international collaborative work was organized, jointly by the Aristotle University of
Thessaloniki, Greece, the Cashima research project (supported by the CEA and the
Laue-Langevin institute), and the Joseph Fourier University, France. We decided to focus the
study on a site (1) where the site geometry and geotechnical properties are well known and (2)
where accelerometric time histories are available. The EuroseisTest site, located few tens of km
East of Thessaloniki, was chosen since it provides a detailed 3D model of the sedimentary basin
(about 5 km wide, 15 km long, sediments reach about 400 m depth) and the signals of 8 local
earthquakes with magnitude from 3 to 5, recorded on 19 surface and borehole accelerometers.
The project involves more than 10 international teams from Europe, Japan and USA, employing
different numerical techniques (FDM, FEM, SEM, DGM, PSM, DEM). It consists in computations
of different 2D, 3D, linear or non-linear cases. Through these exercises, it is possible to
evaluate (1) the accuracy of numerical methods when applied to realistic applications where no
reference solution exists (verification) and (2) quantify the agreement between recorded and
numerically simulated data (validation). We will present the site, the objectives, the 3D model
construction strategy, the different computing cases and main results of this project. The
verification work allows us to clearly identify and understand the discrepancies between the
predictions of the different simulation methods. The validation work shows surprisingly good

agreement for the largest magnitude event, even at high frequencies (up to 4 Hz).

This abstract appears in Seismological Research Letters Volume 81, No. 2 on page 322.
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The capability of numerical methods to predict earthquake ground motion is investigated
through the ongoing Euroseistest verification and validation project. The project focuses on the
Volvi Mygdonian basin (Greece) which has been a subject of extensive geophysical and
geotechnical investigations for more than two decades. A new detailed 3D model of the basin (5
km wide, 15 km long, with maximum sediment thickness 400 m and minimum S-wave velocity
200 m/s) as well as recordings of local earthquakes by the Euroseistest instruments provide a
reasonable basis for the verification and validation of the numerical methods. Here we present
the results of the verification phase of the project for 3D numerical methods.
Numerical-modeling teams from Europe, Japan and USA employ the finite-difference method
(FDM), finite-element method (FEM), global pseudospectral method (GPSM), spectral- element
method (SEM), discrete-element method (DEM) and discontinuous Galerkin method (DGM).
The problem configurations include elastic and viscoelastic rheologies, basin models built from
smooth velocity gradients or composed of three homogeneous layers, one hypothetical event
and six local events with magnitude between 3 and 5. Numerical predictions for frequencies up
to 4 Hz are compared using quantitative time-frequency envelope and phase goodness-of-fit
criteria computed at 288 receivers. Solutions are also analyzed with respect to rheology,
geometry of the interface and source parameters, and their representations in the
computational models. In particular, it is shown that the agreement between numerical
predictions of ground motion duration strongly depends on the ability of each method to model

accurately the surface waves diffracted off the basin edges and propagating within the basin.

This abstract appears in Seismological Research Letters Volume 81, No. 2 on page 310.
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The ultimate goal of the Euroseistest verification and validation project is to assess the
capability of numerical simulation to accurately predict seismic ground motion up to relatively
high frequencies . This presentation will focus on the validation step, consisting in comparing
numerical predictions with actual recordings up to 4 Hz. The exercise has been performed for 6
local, weak to moderate magnitude events, spanning various azimuths, depth and distances,
and recorded by a local array of 19 surface and borehole accelerometers. In general, while the
detailed waveforms do not match, the overall amplitude, duration, and spectral shape exhibit a
relatively satisfactory agreement. The level of agreement is however found to be
event-dependent, as a combined result of the large sensitivity of waveform details to the source
location and mechanism, the geometry of the sediment-basement interface, and the internal
sediment layering, and of the uncertainties in the source parameters and basin structure. The
best agreement is found indeed for the largest — and thus best known- event. In order to
remove the errors due to source parameter uncertainties, the instrumental site to reference
spectral ratios derived from the available recordings were compared with those derived from 1D
and 3D synthetics. The best fit is obtained for 3D simulations, which do account for both the
broad band amplification due to lateral reverberations, and the scatter due to the sensitivity of
the diffraction pattern to the source location. There is however a trend for underestimating the
actual amplification, in probable connection with incorrect estimates of damping and internal
sediment layering structure. The next challenge in view of deterministic simulation of ground
motion at intermediate frequency thus consists mainly in improving the performance of shallow

geophysical investigations.

This abstract appears in Seismological Research Letters Volume 81, No. 2 on page 308.
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The CASHIMA project

Eu roseiSTeSt (VOIVi, G reece) - Cadarache Seismic Hazard Integrated Multidisciplinary Assessment-
Verification and Validation Project Two research topics
(:D b‘t@%ﬁﬁ;;ﬁ% - Middle ?i,t—igieoff:atﬁg local source of

X1 seismic hazard for Cadarache,

- Site Effects
« Taking into account site effects
¢y within the framework of the
- French nuclear regulation rule :
m - focus on French regulation rule
" itself,

b= L i (TIT), Pierre-Yves Bard (LGIT), . - development of simulation
Emmanuel Chaljub (LGIT), Fabrice Hollender (CEA) capabilites.

* Site effect evaluation = a major component of seismic hazard assessment - -
The EuroseisT i
* Numerical simulation: “only” one of the several approaches to estimate e u ose S eSt S te
site effects but it becomes important for:
« low seismicity area (only few and weak earthquakes for a
reasonable recording time)
* non-linearity consideration

Are the « state of the art » of site effect simulation method mature
enough to be applied for facility design ?

* The “ideal” site features:
- a site where we could observe site effects (basin configuration)
- good geological, geophysical, geotechnical knowledge of the site, if
possible, a “3D geological model” already available
- well instrumented site, where earthquakes (as strong as possible)
were already recorded on a maximum of stations
- ease to obtain, use and share the data (records, geological model--)
within a broad collaborative project

o EuroseisTest Verification and Validation Project

e ';”

Cantioma Propee]

Geological, geophysical, The EuroseisTest Site:
geotechnical characterization instrumentation and records

* A high characterisation effort:
- boreholes
- surface and boreholes seismic surveys
- electric surveys
- array microtremor measurements
- H/V measurements
- laboratory measurements on samples
- etc.

21 accelerometric stations

2D - 7 layers model 3D - 3 layers model

Raptakis et al. 2000

Manakou, 2007
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Initial objectives The “participating teams”

« Improvements with respect to ESG2006 + Invitation were sent to most of known potentially interested teams.
- Benefitting from the ESG2006 lessons !
e (technical, organization)
- Learning from the participants experience and feedback
- More interaction, more time, start with simple cases
— Wider participation

« Challenges
- Increasing fmax QD
» Computational requirements FEM
« Implications for geophysical surveys
- Smart and meaningful comparison of 1D-2D-3D cases
- Non-Linear issue FEM
- (Extended source, realistic kinematics, --+) DEM

- Getting ready for the next events at Volvi/Euroseistest ggz
FDM
DeM

Validation and Verification Computing cases

o Verification:
- 3D (up to 4 Hz):

* Verification: evaluating the accuracy of numerical methods when * pure elastic / visco-elastic (Q-factor)
applied to realistic applications where no reference solution exists * 3 layers with homogenous properties / gradient
« compare the results of numerical simulation with each based model
« allow the identification of implementation errors, meshing « different excitation.
Problems — 2D (up to 10 Hz):
* pure elastic / visco-elastic / “fully” non-linear,
* Validation: quantifying the agreement between recorded and * 7 layers / 3 layers / gradient based model,

numerically simulated data
* needs real field data
* needs a site where the geological, geophysical, geotechnical « Validation:
characterization is good - 3D (up to 4 Hz):

* 6 different earthquakes (visco-elastic, 3 layers model).

 different excitation.

Verification of 3D numerical

Organisation predictions
* An “iterative” work in 3 phases, with many interaction and discussion:
- one “Kick-off Meeting” (may 2008)
- 3 intermediate workshop (nov. 2008 - may 2009 - oct. 2009)
- one final meeting (june 2010)
o allow fruitful discussions
 better iteration and convergence between results
* a better definition of the needed computing cases of the
following phase

Goals:

+ Compare 3D numerical simulations of
earthquake ground motion in the Volvi basin for
different seismic sources and frequencies up
to 4 Hz

« Kick-off », Cadarache (may 2008)

- Identify the important parameters for accurate
numerical modelingof seismic wave propagation in
3D basins (site effects):

« Free-surface condition

+ Absorbing boundary conditions

- Representation of 3D heterogeneities

+ Numerical dispersion

This is a long-term effort, the E2VP has allowed
us to improve our knowledge and expertise.
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Ce i institutions
CUB 3001 Comenius Univ. Bratistava Slovakia
UJF 3002 Université Joseph Fourler Grenoble France
DPRI 3003 Disaster Pravention Res. Inst Kyoto Japan
OGS 3004 Istitute Nazionale di Oceanografia | Trieste Italy

NIED 2D05 | FOM | Nati. Res. Ins!. for Earth Science | Tsukuba Japan
and Disaster Prevention

CEA 3D06 | I Commissariat & | Energle Bruyéres France
Atomique Le Chats!
CMU 3007 Carnegie Malon Univ. Pittsburgh | USA
UNICE 3009 | D Université de Nice Sophia Valbonne | France
Antipalis

Applied Methods

Finit method

Speciral-slement method

Pseudo-spectral method

Discrete-element method

Finite-element method

Discentinuous Galerkin method

POLIMI-3DOB (MiTane, SEM) & LMU-3D10 (Murnich, ADER-DGM) contribuled foa few cases

Methods ( all 2nd-crder in tims |

ABC
CUB |FOM |finite Ath-order velocity-st GZE 4 rel CPML
velume arithmatic and harmonic averages of
density and modull, respectively
_|arbitrary discontinuous staggeredgrid . _— S
spectral-element, Legendre 4th-order polynomial  (GZB 3rel.  |Lysmers
Gauss-Lobatte-Legendre
fimity Ath-order ] linwar QIf)  |Clayton &
non-uniferm staggered grid fa=2Hz Engquistat
= i e
! |Fourier pseudospeciral, GZE 3rel. [CPML
vertically stretching staggered grid mechanisms]
. dth-order ity linear Qify  |Clayton&
discontinuous staggerad grid ;=2 Hz EngquistAl
+ Carjan
CEA EM |hybrid discrete-slement — spectral element. hysteretic  |Lysmer &
§ bes (6 dof - 3in 3in ping
rotaticn), 2nd-order
CMU  |FEM |finite-glement, tri-linear elements, Rayleigh att, [Lysmer &
ocirée-based discontinuous mesh inthe bulk |Kuhlemeyer
UNICE | DG |discontinuous Galerkin, 2nd-order polynomial na CPML

g 9 Zowe (L0, 5L
besly indetinition by Emmatich ard Kom (1987}

Volvi 3-layers basin model

Thickeess of Srst lryer (AaB)

Thickness of fiest fwe Liyers (A+BeloD)

oSHESEEABEE

m
[
“
=
=

M g

b
=
=
=

n

moom o ‘acons moon sam e

Thickness of all layers (AsBeCoDsEaF)

3D heterogeneous model (3 irreg. homog. layers)

Vs | Ve

Layer | imay | may | ey | O
a+B | 200 | 1500 | 2100 | 20
c+o | 3s0 | 1800 | 2200 | 3s
o [ o0 | aso0 | a0 | e
Bodrocd 2500 | 4500 | 2600 | 260

Volvi smooth basin model

sl
=
E
-]
; -0 v
100 L
g w0 1000 150
Velacity (naiv)
3D heterogeneous model (3 meg. constant-gradient
layers)
Vs Ve [
Layer (mis) (m's) (kgm?) Q; |Q,

A+B | 200~ 250 | 1500- 1600 2100 20-25| =
C+D | 250- 500 | 1600 -2200|2100-2130 | 25-50| =
E+F | 500-900 |2200-2800(2130-2250|50-90| =
Bedrock| 2600 4500 2600 260 | =

Crustal model

Mypdonian crustal velocity model
Pparachon 19051
B . T .

—
—

[N

5
Velocity (km/s)

Depth (km)
b -
= =

=]

40,

Seismic sources

1. Vertically incident plane S wave

2. Hypothetical point-source located beneath the Velvi basin

Event | Mag | Depth | Strike  Dip | Rake

WEE | 13 3km | 768

er | Ikm | 268 [45°]-
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Combination of plane wave & models

Model configurations for the vertically impinging plane SV wave

sediments bedrock
]
rheology rheclogy
Ia n.a. n.a. elastic
Ib . 3D heterog. viscoelastic homog. slastic
(3 irreg. homog. layers)

Combination of point-source & models

Model configurations for the hypothetical point DC source

12a na na hameog viscoslastic
N laterally hamag 4

m vertical gradient elastic 1D elastic

12¢c elastic elastic
30 heterog | 10

{3 ifreg. homog. layers) =

126 viscoulastic Viscoslastic

vz elastic Elastic
smooth 30 heterog 1 10

v viscoelastic viscoelastic

Contributions

Table of submitted solutions
CUB | WF | DPRI | OGS | NIED | CEA | CMU | UMICE

a v v v
b [ v v [ v
12a v v v v v v
1 v v v v v v v
v | A || || ¥ | ¥ v
i2b v v v v v v v
2 v v v v | ¥ v
w1 [ v v v | v

+:Finalized cases  +: To be confirmed ¥ Ongoing cases

Model configurations for the vertically impinging plane SV wave
sediments bedrock
ID
geometrical theolo geometrical rheolo
heterogeneity 9y heterogeneity ay
1la n.a. n.a. homog. elastic
Table of submitted solutions
cuB UJF DPRI 0GSs NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM
11a v | vV v

Verification of 3D numerical predictions : Ila
- PGV map -

3001 11a FLAT PGV 3002 11a FLAT PGY

2 8
£
-]
>|.

r;;&#nn FLAT PGY

30.08

Ate0d

Verification of 3D numerical
predictions: receivers

288 receivers :
Depth (7)
Basin (274)
Rock (7)
oo Comparisons shown at:
PRO
" TST
E03
wo3

o assnn mooon,
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Verification of 3D numerical predictions : Ila

Verification of 3D numerical predictions : I1la
- Traces (N, normalized) -

- Traces (E, normalized) -

TST(058) PRO(060) TST(058) PRO(060)
e b i e :"W S . : e
7 P e S
T B ! l]l; " L) =
] I'l]L'
i |
. . . - Model configurations for the vertically impinging plane SV wave
Verification of 3D numerical predictions : Ila
- Profile (sv) - sediments bedrock
ID
geometrical heol geometrical heol
3D01 3002 heterogeneity rheology heterogeneity rheology
1la n.a. n.a. homog. elastic
— Table of submitted solutions
g CcuB UJF DPRI | OGS | NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM
- 11a v | vV v
3008
I1a critical case for ABC+plane wave implementation
No quantitative comparison because of differences in input motion
Need for iterations ??
Model configurations for the vertically impinging plane SV wave Veﬂflcatlon Of 3D numerlcal predICtlons " Ilb
- PGV map -
sediments bedrock 3001 11b FLAT PGV 3002 11 FLAT PGY
ID
geometrical theol geometrical rheol
heterogeneity eology heterogeneity eology -]
3D heterog. . . .
11b (3ireg. homog. layers) viscoelastic homog. elastic

Table of submitted solutions
cuB UJF DPRI OGS NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM

11b v | v v
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Verification of 3D numerical predictions : I1b
- Traces (E, normalized) -

TST(058) PRO(060)

B

.|

|
i e
i

Lias

; M&M%ﬁwmummmwm«- :

Verification of 3D numerical predictions : I1b
- Traces (N, normalized) -

TST(058) PRO(060)

., JIH‘W\“' L

u',w

: j’*\\[&' TR MPRTRRANS

] I|I|

] Bt

" oo
)

Verification of 3D numerical predictions : I1b
- Traces (Z, normalized) -

TST(058) PRO(060)

B

| u‘.ﬁh AUMSSSRRRNNIEN By - Hhm,w_.mw\,_m_._'i':

b 'l,l‘l' T —

WF.. .h,\ww»nwwnwﬁ;»

'i “ MHW\“WW‘H’M‘#;::W :

il |I.II |||||,_ g

Verification of 3D numerical predictions : I1b
- Profile (SV) -

BDO01 3D02

004 = e 3008

Model configurations for the vertically impinging plane SV wave
sediments bedrock
ID
geometrical theolo geometrical rheolo
heterogeneity 9y heterogeneity y
3D heterog. . . .
11b (3ireg. homog. layers) viscoelastic homog. elastic
Table of submitted solutions
cuB UJF DPRI OGS NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM
1b v | vV v

I1b critical case for ABC+plane wave implementation

No quantitative comparison because of differences in input motion
Differences in basin response

Need for iterations ?

Model configurations for the hypothetical point DC source

sediments bedrock
ID
geometrical theolo geometrical rheolo
heterogeneity 9y heterogeneity y
12a n.a. n.a. homog. viscoelastic

Table of submitted solutions
CcuB UJF DPRI OGS NIED CEA CMU | UNICE
FDM | SEM | FDM | PSM | FDM | DEM | FEM | DGM

12a v v I|v |V |V |V

Additional request: use the basin mesh even if model is
homogeneous
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Verification of 3D numerical predictions : I2a
- PGV map -

3001 12a FLAT PGV

Verification of 3D numerical predictions : I2a
- Traces (E) -

GRA(059) PRO(060)

Verification of 3D numerical predictions : I2a
- Traces (N) -

GRA(059) PRO(060)
T
I
wer] 2 I et
PN St
e [ - —~
o g | S e ARANEOM R AN
Pe—. T Srre
IIL
H ; " 4
rene BB ILL1 MM IR, o
e

Verification of 3D numerical predictions : I2a
- Traces (Z) -

GRA(059) PRO(060)

Verification of 3D numerical predictions : I2a
- Profile (SH) -

BDO01 3002

Verification of 3D numerical predictions : I2a
- Profile (SH) -

BD05 3D06
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BD01

- Profile (SV) -
3002

Verification of 3D numerical predictions : I2a

BD05

- Profile (SV) -
3D06

Verification of 3D numerical predictions : I2a

8D01

BD03

- Profile (2Z) -

3002

3D04

Verification of 3D numerical predictions : I2a

3D05

- Profile (2Z) -

3D06

Verification of 3D numerical predictions : I2a

Model configurations for the hypothetical point DC source

sediments bedrock
ID
geometrical rheolo geometrical rheolo
heterogeneity 9y heterogeneity y
12a n.a. n.a. homog. viscoelastic
Table of submitted solutions
CcuB UJF DPRI | OGS | NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM
12a v | v | v |V |V |V

I2a case reveals the performance of ABC (good for 3D04, 3D01)
Implementation of DC point-source is validated
Mesh creation has been tested (at least for FEM, SEM and DGM)
No need for iteration

Model configurations for the hypothetical point DC source

sediments bedrock
ID
geometrical rheolo geometrical rheolo
heterogeneity 9y heterogeneity y
3D heterog. . . . .
12b (3ireg. homog. layers) viscoelastic 1D Viscoelastic
Table of submitted solutions
CuB UJF DPRI | OGS NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM
12b vViIiv i v | v | Vv |V |V
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Verification of 3D numerical predictions : I2b
- PGV map -

3001 120 FLAT PGV 3002 120 FLAT PGV

Verification of 3D numerical predictions :
- Traces (E) -

TST(058) PRO(060)

I2b

Verification of 3D numerical predictions : I2b
- Traces (E) -

E03(061) W03(066)
o o T e —

Tt rene [ 35 MR pvIRaan i
xl. A e __\'l,_,li..wﬁ-\u.wﬂ,wﬁ,_,_.,.m\_m_
| PR . Ll e - BT
..‘Ia‘ PR ARSIRLAE I = |-“"'-"|‘ T S

ZEI.'—JHWW' s I o L ——

¥ A ue.q
| i VY

s e R

- Traces (N) -

Verification of 3D numerical predictions :

I2b

TST(058) PRO(060)

Al 108
4
.iI,L aiinn
- = — .
— B e
-k +__ — Lt
o [ra— Nt
M
-

Verification of 3D numerical predictions : I2b
- Traces (N) -

E03(061) WO03(066)

" L SRIVETY TRy R— | P
et A Lo s 1173
o SR PO
[N ITHY Hidw
S AL
S, r',aq._:,,.-...\-\.v_.._, SRRV ] = e bl e 4 HERE ™
L ol S dponnn ~
PR M TR o [ FN ik l Mihe
1 d | §
oy 20 : —M?MIJ‘W1W:—WT_VHM

- Traces (Z) -

TST(058) PRO(060)

Verification of 3D numerical predictions :

I2b
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T mhd . "',f" o
E PR T M : "
I i o ] _ﬂl.. Ths
D Sa—— i & '|‘I\‘"'
Y Mids
o i i
o
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Verification of 3D numerical predictions : I2b
- Traces (Z) -

WO03(066)

E03(061)

C1I .

| kil

E L —

Verification of 3D numerical predictions : I2b
- Profile (SH) -

BD01 3D02

3D04

Verification of 3D numerical predictions : I12b
- Profile (SH) -

3D05 3D06

Verification of 3D numerical predictions : I12b
- Profile (SV) -

8D01

Verification of 3D numerical predictions : I12b
- Profile (SV) -

3D06

Verification of 3D numerical predictions : I12b
- Profile (Z) -

8D01 3002

10
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Verification of 3D numerical predictions : I2b
- Profile (Z) -

BDO5 3D06

Quantitative measure of misfit using
Time Frequency Misfit criteria
(Kristekova et al., 2009)

L = z ¥ ¥ Ty
Lt ..ﬁ n.j;_ 3
pv . . -
e ST |
anat LA 1N
ot e |-
[ 35+ e D e m-'\i -
: — -
s 3

From Misfit to Goodness-of-Fit

GOF scaling

]D\

8

[

-4

2
#

5
P IO \

1000

[— Kitucomaineione iy

10 ) 100
Relative difference (%)

Verification of 3D numerical predictions : I12b
- GOF (EPM, f0=[0-4Hz], ref:3D01) -

26 FLAT 3001 3002 EPM 10 (7.391) 26 FLAT 3001 3003 EPM 10 (6.083)

25 FLAT 1001 3004 EPML 10 (7.857)

1
E
4

126 FLAT 3001 3007 EPM 10 (5.019)

Verification of 3D numerical predictions : I2b
- GOF (EPM, f0, ref:3D01&3D02) -

Ref=3D01

26 FLAT 3001 3003 EPM 10 (6.083)

25 FLAT 3001 3004 EPM 10 (7.857)

126 FLAT 3001 3005 EPM 10 (6.008)

Ref=3D02

126 FLAT 3002 3003 EPM 10 (5.815) 26 FLAT 3002 3004 EPM 10 (£.073) 26 FLAT 3D0Z 3005 EPM 10 (6.755)

Verification of 3D numerical predictions : I12b
- GOF (EPM, fO, ref:3D01&3D02) -

3D01

12h FLAT 3001 3008 EPM 10 {4810 I2h FLAT 3001 3007 EPM 10 (5.018)

1

(]

€

i .
—I €

3D02

26 FLAT 3002 3006 EPM 10 (5.108)

11
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Verification of 3D numerical predictions : I2b
- GOF (EPM, f1=[0-1Hz], ref:3D01) -

12 FLAT 3001 3002 EPM 11 (8.477)

12 FLAT 3001 3003 EPM 11 (7.228)

126 FLAT 3001 3004 EPM 1 (8121)

12h FLAT 3001 3005 EPM 1 j8.082) 12h FLAT 3001 3007 EPM 1 §8.153)

Verification of 3D numerical predictions : I2b
- GOF (EPM, f2&f3, ref:3D01) -

12b FLAT 3001 3002 EPM 12 (7.797)

12b FLAT 3001 3004 EPM 12 (8.373)

Verification of 3D numerical predictions : I12b
- GOF (EM&PM, f0, 3D01/3D02/3D04) -
EM

2 FLAT 3001 3002 EM #0 (7.913)

2 FLAT 3001 3004 EM #0 (7.985) 26 FLAT 3002 3004 EM #0 (8.017)

PM

2 FLAT 3001 3002 PM #0 (8.670}

26 FLAT 3001 3034 PM #0 (7,730} b FLAT 3002 3004 PM 80 (8.130}

=3
a

ERE Y

CRRE

Model configurations for the hypothetical point DC source

sediments bedrock
ID y 3
geometrical rheolo geometrical rheolo
heterogeneity ay heterogeneity 9y
3D heterog. . . . .
12b (3ireg. homog. layers) viscoelastic 1D Viscoelastic

Table of submitted solutions

cus UJF DPRI | OGS | NIED | CEA | CMU |UNICE
FDM SEM FDM PSM FDM DEM FEM DGM

12b Vi v i v | v |V |V |V

- Very good level of agreement between 3 solutions: 3D01,3D02,3D04

« TF gof are useful to understand differences (especially phase)

- Differences with 3D03 & 3D05: Implementation of attenuation, bedrock
model (3D03).

- Differences with 3D07: limited Vp/Vs ratio, bedrock model.

- Differences with 3D06: method under developement

Model configurations for the hypothetical point DC source

sediments bedrock

ID
geometrical rheolo geometrical rheolo

heterogeneity 9y heterogeneity 9y

12¢ . 3D heterog. elastic 1D elastic
(3 irreg. homog. layers)
Table of submitted solutions
CuB UJF DPRI OGS | NIED CEA CMU | UNICE

FDM SEM FDM PSM FDM DEM FEM DGM

12 Vi v i iV |V I IV |V | IV |V

Verification of 3D numerical predictions : I2c
- PGV map (I2b & I2c, 3D01) -

12b 12¢

3001 12b FLAT PGV

B [ |

3D01 I2c FLAT PGV

4510406

0
450406

12
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Verification of 3D numerical predictions : I2c
- PGV map -

Verification of 3D numerical predictions : I2c
- Traces (E) -

TST(058) PRO(060)

Ll

Verification of 3D numerical predictions : I2c
- Traces (E) -

E03(061) WO03(066)

At e Wl At 2 ‘-'-’-"'-'-’i\"l"\"[i'-'ﬁ“"""‘ Wi rmersetritier

L o

BTy SO — -.'.-.-',\,'.\\f.'-',\‘lﬁ",q.'a-n'a;.'.‘.‘p-» e

et : :

-t ot ol b

Verification of 3D numerical predictions : I2c
- Traces (N) -

TST(058) PRO(060)
‘l.l]'l-"‘ )
I e oncee i e
e ity
—

Verification of 3D numerical predictions : I2c
- Traces (N) -

E03(061) WO03(066)

i e

T T " e
L 5

RN R -'-"'."'|li'||?" e

[T
Wi

St i

...... 9 T

Verification of 3D numerical predictions : I2c
- Traces (2) -

TST(058) PRO(060)
T SOOI AV M St
4 .,\,.,._...,,—Iu‘lllﬁ.\‘,-mlﬁ,w._.,_. P PRIV T

i

B ——
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Verification of 3D numerical predictions : I2c
- Traces (Z) -

WO03(066)

E03(061)

A Anabili [T
ey l‘.m-r oot

ol

o

: :::—thwwwmm

A ‘;JIII“ Ao ..‘,_.,I.I.....,,.\.‘ e

Verification of 3D numerical predictions : I2c
- Traces (E, low pass filter) -

TST(058) PRO(060)

] YT T TE MO RR T

Verification of 3D numerical predictions : I2c
- Traces (E, low pass filter) -

E03(061)
’ i -n.~‘~“z Aol ||.w-~"-\.'\m' |,'-.-.i‘ PAAAAARENL.

WO03(066)

2 Aot Ayt

o —*ubv.;'w.ﬁﬁmww .

.; . —lewr.v’\hf‘,‘vu[\,'\'ﬂmf'mww_ﬂ ! lﬂrm

B o m"lM.MW.—v.“MMWW»—

Verification of 3D numerical predictions : I2c
- Traces (N, low pass filter) -

TST(058) PRO(060)

2T TR SRR

¢ 12 ]

R S e s

Verification of 3D numerical predictions : I2c
- Traces (N, low pass filter) -

E03(061) WO03(066)

E3T] AMARETYT) TTTTYY PRSP e

2 o e A el v

—eay- e

L —m'.\l'l,‘

Jp A St

Verification of 3D numerical predictions : I2c
- Traces (Z, low pass filter) -

TST(058) PRO(060)
: —\-""-'\r\f*-’“'il ﬁ’_‘ﬂﬁh\—w—wu‘m T L : . —'|I|Il~ —
o AR S ———
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Verification of 3D numerical predictions : I2c
- Traces (Z, low pass filter) -

E03(061) WO03(066)

=i .m-ﬂ.;w'ufwwwmm‘mnum

A ¥ A -~ et B
e e et VA AN AN Al
ANDSAYY 11 RASPABROTYY LT 1 Y Y OISR TR ST
e AV A VNN e

Haeremenea AN Ili' :

A’W'v\w'v‘l','»qr "d‘u"-’\".Wa""|M'\rM-'\~M-

Al

BD01

BD03 |

Verification of 3D numerical predictions : I2c

- Profile (SH) -
3002

Verification of 3D numerical predictions : I2c
- Profile (SH) -

8D05 3D06

3D09

3D01

Verification of 3D numerical predictions : I2c

- Profile (SV) -
3D02

Verification of 3D numerical predictions : I2c
- Profile (SV) -

3D05 3D06

3DO7“h..m

3D01

BD03

Verification of 3D numerical predictions : I2c

- Profile (Z) -
3DOZ_L

3D04

15
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Verification of 3D numerical predictions : I2c
- Profile (Z) -

BD05 3D06

3009

Verification of 3D numerical predictions : I2c
- GOF (EPM, f0, ref:3D01) -

I2c FLAT 3001 3003 EPM 10 (6.226)

I2c FLAT 3001 3002 EPM 10 (5.855)

o m s e S

oM s @ @D

Verification of 3D numerical predictions : I2c
- GOF (EPM, f0, ref:3D01) -

I2c FLAT 3001 3006 EPM 10 (3.281)

I2c FLAT 3001 3007 EPM 10 (5.083)

o m s @ @ B

IR

Verification of 3D numerical predictions : I2c
- GOF (EPM, f1, ref:3D01) -

2c FLAT 3D01 3D02 EPM 11 (8.482) [2c FLAT 3001 3003 EPM 11 (6.848)

oM s o @D

[2c FLAT 3001 3004 EPM 11 (7.281)

o N s e D
o N s e D

Verification of 3D numerical predictions : I2c
- GOF (EPM, f1, ref:3D01) -

[2c FLAT 3001 3006 EPM 11 (4.054) E2c FLAT 3D01 3D07 EPM 1 (5.652)

Model configurations for the hypothetical point DC source

sediments bedrock
ID
geometrical rheolo geometrical rheolo
heterogeneity 9y heterogeneity 9y
12¢ . 3D heterog. elastic D elastic
(3 irreg. homog. layers)

Table of submitted solutions
CuB UJF DPRI OGS NIED CEA CMU | UNICE
FOM | SEM | FDM | Psm | FDM | DEM | FEM | DGM

12 Vi v i iV IV I IV |V | IV |V

- Very large differences are seen on late arrivals

- Better fit on vertical component

- Gof decreases quickly with frequency

- Reveals numerical challenge to handle physical discontinuities or/and
related complexity in wave propagation?

+ Need for verification in smooth velocity models

16
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Model configurations for the hypothetical point DC source

sediments bedrock
ID - -
geometrical theolo geometrical rheolo
heterogeneity 9y heterogeneity 9y
laterally homog., . .
i vertical gradient elastic 1D elastic

Table of submitted solutions

FDM SEM FDM PSM FDM DEM FEM DGM

CuB UJF DPRI | OGS | NIED | CEA | CMU | UNICE

I vViv |v | Vv |V v | v

Verification of 3D numerical predictions : III1
- PGV map -

3001 181 FLAT PGV 3002 181 FLAT PGY 3003 181 FLAT PGV

Verification of 3D numerical predictions :
- Traces (E) -

TST(058) PRO(060)

III1

s WWM“”‘WM 3 ==
i m\.-,...l."'Il,‘-"l'l-;l',.u.\,..-._..w;a.q'r.'.'wq—.\«-a‘.\h'-ﬁm- : i
* e Y ()
0 fwisctinesnstodiin b
Vst TS i
3 L el et e
] we i

Verification of 3D numerical predictions : ITI1
- Traces (E) -

E03(061) WO03(066)
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Verification of 3D numerical predictions :
- Traces (N) -

TST(058) PRO(060)

III1

P 2
5 'I'lh‘.""? T e 1r

: s --H-m«'-~‘|-'ﬂ«'u‘.‘.“‘- i (i e

2m 1* W e :I':‘J’,_.i e

| A TR e o ; s
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Verification of 3D numerical predictions : ITI1
- Traces (N) -

E03(061) WO03(066)
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Verification of 3D numerical predictions : III1
- Traces (Z) -

TST(058) PRO(060)
P e T
- heiid, o .
] 1 ,_._-IIL.‘_-JIIA. MEERASERERRARN B3 il
1Yy ny
A .'_._.',.I.;SI"_'..._._. d AR b | 3N - . . I
.MM.'WJ“W T \ : e
— el REARTIE ..I’I‘_ : . Wi
ERE] ARERARAMRARIN e s _‘Jf‘_‘— et

Verification of 3D numerical predictions : III1
- Traces (Z) -

E03(061) WO03(066)

2 2o e eseotii] 1 oAl

¥ o] NNBRIA “'"""J}Illl""““""’ MR R "u\‘*‘-‘-\'}, RATABBLALARTTE

AP ey i MWWW [

: - """*""'""“\'l"’l'|l-'.;|li|l|'-li\"“'"*"“'*‘-"“'"u'»'-’-“‘-‘-'-'-"-'ﬁ\—‘ 5'" J‘-"‘M"'-".'»"“.".'.Ilillh’m';.'a»n i npatcstoge-pio)

s ! . ) W—WW 1ty

b "‘“"“‘"""\M'r'.z'-u',rllll['.'v\‘h‘n"~4~'."~'-"o'-‘-W"’-'-'-'-'-"*r‘“ Ele] SRRBERRTH BT AREILESRAA

I MAARSERARETE et

Verification of 3D numerical predictions : ITI1
- Profile (SH) -

3D01 3D02

Verification of 3D numerical predictions : ITI1
- Profile (SH) -

8D07 3009

Verification of 3D numerical predictions : ITI1
- Profile (SV) -

3D01 3D02

Verification of 3D numerical predictions : ITI1
- Profile (SV) -

BD07 3D09
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Verification of 3D numerical predictions : III1
- Profile (Z) -

8D01 3002

Verification of 3D numerical predictions : III1
- Profile (Z) -

BD07 3D09

Verification of 3D numerical predictions : III1
- GOF (EPM, f0, ref:3D01) -

W1 FLAT 3001 3D02 EPM 10 (8.343) W1 FLAT 3001 3D04 EPM 10 (6.439)

Verification of 3D numerical predictions : III1
- GOF (EPM, f1, ref:3D01) -

[T FLAT 3001 3002 EPM 11 (9.235) W1 FLAT 3001 3D04 EPM 1 (7.135)

Model configurations for the hypothetical point DC source
sediments bedrock
ID
geometrical rheolo geometrical rheolo
heterogeneity 9y heterogeneity 9y
i Iater_ally hom_og., elastic 1D elastic
vertical gradient
Table of submitted solutions
cuB UJF DPRI 0Gs NIED CEA CMU | UNICE
FDM SEM FDM PSM FDM DEM FEM DGM
i vVi|v | v I|v |V v | v

Very good level of agreement
Would this hold if lateral heterogenities are included?

Model configurations for the hypothetical point DC source
sediments bedrock
ID
geometrical rheolo geometrical rheolo
heterogeneity 9y heterogeneity 9y
v2 smooth 3D heterog. elastic 1D Elastic
Table of submitted solutions
CcuB UJF DPRI OGS NIED CEA CMU | UNICE
FDM | SEM | FDM | PSM | FDM | DEM | FEM | DGM
v2 v | v I|v | |Iv |V v

19
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Verification of 3D numerical predictions : IV2
- PGV map (I2c & IV2, 3D02) -

12¢ V2

3002 I2c FLAT PGV

3002 IV2 FLAT PGV

Verification of 3D numerical predictions : IV2
- PGV map -

3002 12 FLAT PGN

Verification of 3D numerical predictions : IV2
- Traces (E) -

TST(058) PRO(060)

E o] SESRURPIF T USROS 3 SRR o
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Verification of 3D numerical predictions : IV2
- Traces (E) -

E03(061)
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WO03(066)
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Verification of 3D numerical predictions : IV2
- Traces (N) -
TST(058) PRO(060)
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Verification of 3D numerical predictions : IV2
- Traces (N) -

E03(061)

WO03(066)
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- Profile (SH) -

8D01 3D02

3004

Verification of 3D numerical predictions : IV2 Verification of 3D numerical predictions : IV2
- Traces (Z) - - Traces (Z) -
TST(058) PRO(060) E03(061) WO03(066)
R B 1) tae —J.MWW—JN;;\WMF
i ‘."I"I|]|MII""""w'M“'_""' BOSRRS""DE B : | 200 Al .
;: MMWMWWMJ&A, s
Verification of 3D numerical predictions : IV2 Verification of 3D numerical predictions : IV2

- Profile (SH) -

8D05 3009

Verification of 3D numerical predictions
- Profile (SV) -

3D01 3D02

: IV2

Verification of 3D numerical predictions : IV2
- Profile (SV) -

BDO5 3D09
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Verification of 3D numerical predictions : IV2
- Profile (Z) -

BD01 = | 3002

Verification of 3D numerical predictions : IV2
- Profile (Z) -

BDO5 | 3D09

Verification of 3D numerical predictions : IV2
- GOF (EPM, f0, 3D02/3D04/3D09) -

IV2 FLAT 3002 3004 EPM 10 (7.658)

IV2 FLAT 3002 3009 EPM 10 (7.050)

oM s e D

Verification of 3D numerical predictions : IV2
- GOF (EM&PM, f0, 3D02/3D04/3D09) -

EM

P2 FLAT 3002 3004 EM 10 (2080

2 FLAT 3002 3009 EM 10 (8.001) 2 FLAT 3004 3003 EM 10 (7.678)

PM

12 FLAT 3002 3004 PM 10 (7.230) P2 FLAT 3002 3000 PM 10 (8,120} 12 FLAT 3004 3000 PM 10 (7.680)

awm e e mB

Model configurations for the hypothetical point DC source
sediments bedrock
ID
geometrical rheolo geometrical rheolo
heterogeneity 9y heterogeneity 9y
v2 smooth 3D heterog. elastic 1D Elastic
Table of submitted solutions
CcuB UJF DPRI OGS NIED CEA CMU | UNICE
FDM | SEM | FDM | PSM | FDM | DEM | FEM | DGM
v2 v | v I|v | |Iv |V v

Needfor iteration(3D01, 3D05[source])

Betterfit canbeachievedcomparedto elastic3-layerscase

Verificationof 3D numericalpredictions: 12c-III1-IV2
- GOF (EPM, f0, 3D02/3D04/3D09) -

12¢ (3L)

-1(GBM1) IV2(GBM2)

LT
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Summary& discussion

+ Why should we build velocity models made of homogeneous
layers if not supported by geological/geophysical constraints?

- Given a starting discontinuous model, can we build a smooth,
equivalent model (homogeneization)?

+ What is the difference between ground motion predictions of
the layered and smooth models?
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