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N Limitations in the use of GMPEs
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N Limitations in the use of GMPEs

CISN Peak Ground Velocity vs Distance
South Napa Earthquake of 24 Aug 2014, 6.0MW
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N Limitations in the use of GMPEs
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N Physics-based 3D earthquake ground motion simulations

Objective

To create a numerical laboratory to simulate “earthquake
ground shaking scenarios” as realistic as possible in terms of:

v" the complexity of the seismic source

v the complexity of the geological and morphological
environment

v the frequency range of the seismic excitation and of
resulting ground motion
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N Physics-based 3D earthquake ground motion simulations

3D physics based GM
simulations

3D numerical models
... but you need high frequency

verifications on real earthquakes

Roberto Paolucci N POLITECNICO DI MILANO




1

N Contents

Motivation for 3D physics-based earthquake ground
motion simulations

e the spectral element code SPEED

3D physics-based earthquake ground motion
simulations in Istanbul

producing broadband ground motions

Roberto Paolucci N POLITECNICO DI MILANO

N\J | SPEED (speed.mox.polimi.it) 12
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SPEED - SPectral Elements in Elastodynamics with Discontinuous Galerkin

SPEED is an open-source code designed with the aim of simulating lange-scale seismic events in three-dimensional complex meadia: from far-field to near-
field including soil-structure interaction effects.

SPEED combines the flexibility of discontinuous Galerkin methods to connect together, through a domain decomposition paradigm, Spectral Element
blocks where high-order polynomials are used. SPEED heavily exploits paralielism in the framework of explicit time integration and features optimal
scalability properties making use of the open-source Bbranes METIS and MP for mesh partitioning and message passing.

SPEED is jointly developed at Poltecnico di Milzno by The Labaoratory for Modeling and Scientific Computing MOX of the Department of Mathematics and
by the Department of Civil and Environmental Engineering

“A i

On January 13, 1915 at &:52 local time, 2 catastrophic earthguake devastated
Marsica, Southemn Abruzzi, Central Italy, causing around 33000 fatalities.

ng the most important municipalities hit by the earthguake, the ruin of
zzano was completed, with 10,700 fatalities, 35% of the total populstion
FTI, 2015). A single reinforced concrete bulding in Avezzano, one of the
very first ones at those times, withstood the earthquake and was later
declared national monument:
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Features
» 3D unstructured and
(e.g., between
sub-domains Q; ,, Q, and Q,)
>
(e.g., between sub-domains Q, and Q,)
» leap-frog FD time advancing scheme
» visco-elastic and non-linear elastic soil behaviour

Kernel

» hybrid parallel programming based on MPI and
Open-MP

» METIS software library to handle partitioning and
load balancing

» designed for multi-core machines or large clusters -
optimized for HPC clusters (e.g., FERMI Blugene/Q)
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Kinematic modeling of an extended seismic source
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N SPEED: soil modelling
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N | Previous applications of SPEED (1) 1

Stupazzini M, Paolucci R, Igel H (2009)
Near-fault earthquake ground-motion simulation in the by a high-performance
Spectral Element code. BSSA , 99: 286-301.

SEMI (d)

20
Smerzini C, Villani M (2012) 0 j
Broadband numerical simulations in 20

complex near field geological —J U'WW

configurations: the case of the M, 6.3 — Record
2009 , BSSA, 102: 011 :gnlm
2436-2451 .

0 5 10 15 20 0.1 1

FAS (cm)

Roberto Paolucci POLITECNICO DI MILANO




Gubbio (Central Italy)

Sulmona (Central Italy)

Santiago de Chile

Christchurch earthquake February 22, 2011 (New Zealand)
Wellington (New Zealand)

Po Plain earthquake May 29, 2012 (Northern Italy)

Marsica earthquake 1915 (Central Italy)

Thessaloniki (Greece)

Istanbul (Turkey)

Beijing (China)
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N Past century earthquakes along the North Anatolian Fault
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N Princes Islands segment of the NAF “
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Yellow stars mark estimated epicentres of major earthquakes along the Princes Islands
segment during the last 2,000 years. After Bohnhoff et al., 2013
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N Setup of the 3D physics-based numerical simulations

L Eumman|
23

Regional

of the active faults
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MESH DESIGN [Software: CUBIT]
Topography /Bathymetry + fault geometry + velocity model

bexahedral elements: 2,257,452

degrees of freedoen: 475 million
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NUMERICAL MODEL

For a given fult (Mumes) the eqk scenario is defined by
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generate broadband ground motions with realistic
features in the entire frequency range of interest [

POST-PROC

for engineering applications (0-25 He)
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Combined digital elevation/bathimetry model
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N Construction of the numerical model (1)
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N Construction of the numerical model (2) ~

Vs model

Velocity model adopted in this study
Vi, 30 map obtained Ozgiil et al. (2011) ®,
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N Construction of the numerical model (3) “

Fault geometry model

Seismic Fault model used in this study

Black Sea

T
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Spectral element numerical model (resolution: f,,,.= 1.5 Hz)

165 km

North Boundary Fault

Central Marmara Basin 7 : — }/30 km

L "5km
- 10 km
20 km

v 30 km
 Degree of Total simulated  Total time for
SD  Elements# Alsimutation(s) ) ) ) ) Cores#
freedom time (s) simulation (min)
I 4 2,257,482 475 million 0.001 60 840 (~ 14h) 2048

—_— X

Kinematic slip distribution models
1. Triangulation of the physical fault

2, For each triangle is defined;
- seismic moment : f (slip)
- rake vector
- risetime
- rupture time

Slip Rake vector Rise time Rupture time

=

e N Y
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- _ _:. — _'_ _
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HB94: Herrero and Bernard (1994)
CA15: Crempien and Archuleta (2015)
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45 scenario earthquakes of M ranging from 7 to 7.4 where constructed by
considering randomly generated hypocenter and slip distribution models,
with both HB94 and CA15 approaches
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Comparison of M,,7 scenarios: effect of directivity
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Ground motions for a selected scenario
PGVY/PGVxmax , PGVxmax = 0.55 [m/s]
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Animation of ground motion: effect of directivity
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(1) A hybrid broadband is first prod
simulation with the high-frequency
stochastic approaches

uced by combining the low-frequency
ground motion generated from

LF filter F filter

1.0]

05 — — -

HF (cm/s?)

BB (cm/s?)

0
—— LF(SPEED)[5
——HF(SP96)

lack of correlation of the LF and HF parts
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(2) An ANN is trained (una tantum) based on a strong motion dataset

(SIMBAD, Smerzini et al., 2014)

IN|PL__J'I'[5 > ANN = OUTPUTS
PGD gy
@ 0 ® FGh
@ FGV i
@ SalT=0.05s)
@ 5a(T=0.8s)
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® 5alT=...)

e @ SalT=0.75s]
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(3) The "hybrid" broadband is scaled in order to match the ANN
trained response spectrum
hybrid
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numerical simulations 1
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(4) Verification on real case studies: simulation of Po Plain egk, May 29 2012

MRN station
EW NS
tis) 1is) s) s
o 0 0 k] [ 1w 20 an 0 i ) 30 o a 20 3
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T =3 [ e |
! rec velocity sim velocity
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w| response spectra Fourier spectra
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(4) Verification on real case studies: simulation of Po Plain egk, May 29 2012

Spatial correlation of PGAs
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(4) Verification on real case studies: simulation of Po Plain egk, May 29 2012
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N 3D numerical simulations of the May 29 2012 Po Plain earthquake
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N 3D numerical simulations of the May 29 2012 Po Plain earthquake

Table 5. Walltime for a single simulation of the Emilia earthquake, per-
formed both on Fermi (CINECA) and Idra (MOX) clusters.

Cluster Cores Walltime (h)
Fermi (CINECA) 4096 4.98
20 Km Idra (MOX) 72 19.83

[m]

[ |
o 01 02 03 04 05 06 07
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SPEED: 3D physics-based numerical simulation of the
May 29 2012 Po Plain earthquake

Numerical Model

Geological framework and focal mechanisms of the
Po Plain seismic sequence

anio _’_l(ngegnen'a g
+ Civile Ambientale
> \

accounting for specific geologic and tectonic conditions
capturing physics of earthquake ground motion, especially near-source

proper spatial correlation of motion between adjacent sites

large number of scenarios needed: how to cluster them?
limited reliability in the high-frequency range, although in progress

need of vast amount of input data: suitable for large urban areas
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