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Earthguake simulations in the 215t century
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Which is not always a bad idea
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Source depth: 20-50km
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Meet the Infinite wedge

Confinental margins, mountain roots,
crustal disconftinuities...



Focusing eftects literature

* Nucleation Interior: Elastodynamics EEEE
Exterior: Acoustics, Electromad. paammmmEE
* Propagation Rayleigh waves EEEEEEEEE
Body Waves:. Scalar (SH) EEEEEEEEE
—>Vector (P and SV) B
* Material Homogeneous HEEEEEEEEE
Layered > N

« Solution (Semi) analytical: Simple Geometry EEEE

Experimental: Rayleigh Wave EEEEEEEEE
Numerical: FDM, FEM, BEM BEEEEEEEEE




Geometric Solution of Infinite Wedge

F. Sanchez-Sesma (1990)
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Closed form solution of ?20° wedge
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Closed form solution of ?20° wedge
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Poisson’s ratio v=1/4

Internal angle 90°



“Infinite” wedge numerical simulations

 Explicit Finite Difference Method (FLAC)
* Quiet (Absorbing) Boundary Condition
* Infinite = Model face > 101
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Geometric Solution of Infinite Wedge

F. Sanchez-Sesma (1990)
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Critical angle: a special case
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Numerical simulation of 6, wedge
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Infinite wedge vs. Poisson’s ratfio

10 T | | ' ' I | | I I
v=0.15
----- 1/:0.20
| v=025|"
---------- V= ().:33
‘| - — =1, =049
8 A |
i ’
i
Vd
\ i |
7F !i
I
1
J

-
—
RRELET T

I I L
&0 90 120 150 180 210 P 24C

Amplification Factor
()]

40 60 80 100 120 140 160 180 200 220 240 260
Wedge Angle (a)




2D topography effects




Geometry parameterization
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Bedrock (VR)

Slope angle: a [°]
Dimensionless height: m = H/A
Dimensionless width: € = D/A

Excitation: Vertical SV (horizontal motion) Ricker, f,



Dam: a = 30°; n=1.0
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Homogeneous feature




Unified representation of convex features
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3D site effects: soll + geometry




Soll or topography effectse
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Horizontal motion (a, 4p)
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Homogeneous, V. = 1400m/s
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Horizontal motion (o, ,p)

\ 35°/

Homogeneous, V. = 1400m/s

— 3Hz
) == 7Hz
i 1.3/\ (\ — 15Hz
o ¢
~ 4l
P 350 [N %4_
Vi =165m/s O 4
VS = 700m/S j A

X/



Vertical motion (Q, ,p)

14 e —
—ff3Hz
har :;;;’?ﬁz
P\ 357 [N 1 1.0
o 08F
Homogeneous, Vs = 1400 m/s QD o6
N 04
N
O 0.2

P\ 35°_ (N
Vs =165m/s
V. =700m/s



:

y L

\ A8
SRR
T iaaaaAANAAAA
s IRAARNIRANN
ZooARSRANEARY

o

223 A

12
2L

M
V)
35
D
O
>
O
C
O
>~
C
Q
2
O)
O
o
O
—l




More complex (real) configurations

Strong motion stations in California
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BK-KCC stratigraphy and properties

Layer d (m) Vs (m/s) Vp (m/s) o (kg/m?3)
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BK-KCC: Polarization scenarios
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Site response

Shaking
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Layered BK-KCC: x-polarization




Los Alamos cemetery (CI-LCP

Vp (m/s) o (kg/m?3)
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CI-LCP: Homogeneous vs. Layered
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Frequency analysis

Site response

Ricker Train:

1h Shaking
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Transter function amplitude @ f = THz
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Transfer function amplitude @ t = 3.5Hz
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ransfer function amplitftude @ f = 7Hz
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Transter function amplitude @ f = 10Hz
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Transter function amplitude @ f = 15Hz
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Layered CI-LCP: Ricker train




What about uncertainty & risk?




Topography in physics-based simulations
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Harp et al (2014) BSSA
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Are GMPEs biased?

CSMIP Strong Motion Station

GoogleEarth 3D TM




Extreme ground motions & physical limifs

Open-File Report 2006-1277 PGA = 2799
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Future extensions
of proposed work
Granular media

Proposal
research task
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To summarize, we're just getting started...

3 ‘facts’

5 open questions

The world isn't flat
Topo-effects are not “topography” effects

Topo-effects are frequency-dependent & nonlinear

Integration in regional models of simulated GMs?
Parameterization in GMPEs?

Prediction of extreme ground motions?
Seismology-geology-hydrology coupled hazards
Design of dams / embankments / retaining walls ¢






