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DETERMINISTIC MODELING OF 3D SEISMIC SCENARIOS:
WHEN TECHNICAL CHALLENGE MEETS INDUSTRY REQUIREMENTS
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Great natural catastrophes worldwide 1950 — 2011
Overall and insured losses with trend
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Natural Catastrophes 2011
World map
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2. Hazard Munich RE =

How can we assess the Risk?
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NATHAN World Map of Natural Hazards
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NATHAN WORLD MAP OF NATURAL HAZARDS

TROPICAL CYCLONES
Peak wind speeds (in km/h)*

EARTHQUAKES

1 Zone 0: MM V and below
£ Zone :MM VI
B Zone 22 MM VIl
Bl Zone 3: MM VIl
Bl Zone 4: MM IX and above

[ Zone 0: 76-141
[ Zone1:142-184
B Zone2: 185-212
Bl Zone3:213-251
Il Zone 4: 252-299
Probable maximum intensity B ZoneS: 2300

(MM: Mcdified Mercalli scale) with an

exceedance probability of 10% in * Probable maximum intensity with an
50 years (equivalent to a “return period” exceedance probability of 10% in 10
of 475 years} for medium subsoil years (equivalent to a “return period™
conditions. of 100 years).

35 Large city with "Mexico City effect”  Typical track diractions

VOLCANOES

& Lasteruption before 1800 AD

& Lasteruption after 1800 AD

A Particularly hazardous voicanoes
TSUNAMIS AND STORM SURGES
7t Tsunami hazard {ssismic sea wave)
#~+ Storm surge hazard

#~w Tsunami and storm surge hazard
ICEBERG DRIFTS

A4 a4 Extentof observed iceberg drifts

CLIMATE IMPACTS

Main impacts of climate change already observed
and/or expected to increase in the futurs

El Change in tropical cyclone activity
Intensification of extratropical storms
Increase in heavy rain

1] increase in heatwaves

E‘ Increase in droughts

A Threat of sea level rise

Eﬂ Permafrost thaw

+¥] improved agricultural conditions

3] Unfavourable aaricutural conditions
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POLITICAL BORDERS

~— State border
+~~~ State border controversial
(political borders not binding)

CITIES

O  Denver >1million inhabitants

®  SanJuan 100,000 to 1 miflion inhabitants
° Msun  <100,000 inhabitants

Mee Berdin  Capital city
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Data resources.

Bathymetry: Amante, C. and B. W.
Eakins, ETOPO1 1 Arc-Minute Global
Relief Model: Procedures, Data Sources
and Analysis, National Geophysical
Data Center, NESDIS, NOAA US.

of Commerce, Boukde,
€O, August 2008, E
storms: KNMI {Rayal Netherlands
Metecrological Institute]. Tempera-
ture/Precipitation 1978-2007:
Climatic Research Unit, University
of East Anglia, Norwich.
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Microzonation and secondary effects
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SPEED high performance numerical code Munich RE
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The mathematical model

Equilibrium equations for an elastic bounded medium subjected to an external force f

pOwu —V - a(u) + c(dru,u) = f in Q x (0, T],
+ B.Cs on dQ2 x [0, T1,
+ 1.Cs in Q x {0}.

@ u displacement of the medium

@ ¢(u) = 2(Vu+ Vu') strain tensor

@ o(u) = AV -ul+ 2pe(u) = D eg(u) stress tensor
@ p material density, A\, 1 Lamé_elastic coefficients
* ]

c(O¢u,u) = 2p¢ Jru + p¢*u viscous forces

In applications the decay factor ( is typically ~ 0.01s™* J

Variational Formulation
For any time t € (0, T] find u = u(t) € V = H_(Q) such that

dee (p11,V)g + (@(), £(v))g + (c(Bet,u), V) = L(v) Vv eV




SPEED high performance numerical code

Munich RE =
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Requirement on the numerical solution

@ Accurate description of the behaviour at interfaces
— high-order accuracy

@ Waves are typically propagated over many periods
—> control the numerical dispersion and dissipation errors

@ Complex geometries and strong contrasts in wave speeds
— methods that accommodate non-conforming grids

@ The size of the bodies excited is large relative to the wavelengths of interest
— efficient and scalable implementation

Release of the new code SPEED
SPectral Elements in Elastodynamics with Discontinuous Galerkin

jointly developed at MOX and DIS - PoliMI
http://mox.polimi.it/it/progetti/speed/SPEED/Home.html



Santiago de Chile

Munich RE ;E:
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[Software: Matlab]
topography + fault auxiliary triangular FO
B crustal model ageometry mesh
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()
% topography * alluvial-bedrock
3 [XYZ.out] interface [ALL.out] i
<
S A For a given fault (M__ ), the egk scenario is defined by:
o i Crustal model = Ny,
L 2w o 0w P Vo) 00 - position of rupture area w.r.t. Fault Origin (FO)
= 022 24 2000 4700 240 - slip distribution
2 il - hypocenter location w.r.t. FO and focal depth
Z i Santiago Basin - rupture length and width (L, W)
19 km lf\(:)7400+55J:_ - rake ang'e
{ Vpla)=1730+ 6045 - rupture velocity
p(z)=2100+0.15z 3 e
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Santiago de Chile and San Ramon Fault

Examples of seismic scenarios in the Santiago metropolitan area, San Ramon fault: horizontal (geometric mean)

PGV in the frequency range 0.05-2 Hz
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Christchurch (New Zealand)
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[Seismicity to 12th June, 2012|

Magnitude
© 3039 Sk 1 592311212011 YR Mw 6.2 2200212011 (O Aftershocks from 231212011 @ Aftershocks 2202/11 - 13/06/11

O 40-49
O @ Attershocks 13/06/11 - 22112111 () Aftershocks 04/09/10 - 22/02/11
5.0-5.9 * Mw 6.0 13/06/2011 * Mw 7.1 04/09/2010

esmmmme Greendale Fault Sub-surface fault rupture

Active faults




Christchurch (New Zealand) Munich RE =
LIQUEFACTION
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Christchurch (New Zealand) Munich RE =
ROCKFALL
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3. 3D numerical simulation

Simulation of the Mw 6.3 Christchurch earthquake on February 22nd, 2011
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3. 3D numerical simulation

Simulation of the Mw 6.3 Christchurch earthquake on February 22nd, 2011
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Numerical model characteristics
# of elem.: 475°992

# of nodes: ~13.5106
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3. 3D numerical simulation

Simulation of the Mw 6.3 Christchurch earthquake on February 22nd, 2011
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Guidotti R, Stupazzini M, Smerzini C, Paolucci
R, Ramieri P (2011). Numerical study on the
role of basin geometry and kinematic seismic
source in 3d ground motion simulation of the
22 February 2011 MW 6.2 Christchurch
earthquake. SEISMOLOGICAL RESEARCH

LETTERS, vol. 82, p. 767-782.
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4. 3D numerical simulation

Simulation of the Mw 6.3 Christchurch earthquake on February 22nd, 2011
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150 m

I. Mazzieri, M. Stupazzini, R. Guidotti, C. Smerzini, SPEED-SPectral Elements in
Elastodynamics with Discontinuous Galerkin: a non-conforming approach for 3D multi-
scale problems, accepted for publication to Int. J. Numer. Meth. Engng.
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