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Earthquakes

Solve earthquake dynamics on many faults with complicated,
varying geometries and stick-slip friction boundary conditions.
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Earthquakes

Solve earthquake dynamics on many faults with complicated,
varying geometries and stick-slip friction boundary conditions.
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varying spatial scales (10~" — 105m)
varying temporal scales (10° — 10°s)
highly heterogeneous material properties
coupled physics (fluids, mantle)
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Earthquakes

Solve earthquake dynamics on many faults with complicated,
varying geometries and stick-slip friction boundary conditions.

v

v

v

varying spatial scales (10~" — 105m)
varying temporal scales (10° — 10°s)
highly heterogeneous material properties
coupled physics (fluids, mantle)

Typical of hard, interesting problems in Earth Sciences!
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Meshless Methods

Solve earthquake dynamics on many faults with complicated,
varying geometries and stick-slip friction boundary conditions.

» Most methods require the generation of finite element meshes
that conform to the faults.

» Generating meshes that conform to the geometry, have good
aspect ratios, and adequately resolve regions with complex fault
topology is an unsolved problem (in 3D).

Meshless methods allow for discontinuities while not fitting a mesh to
the geometry. Elements are extended with functions that take
advantage of a priori knowledge of solution characteristics.
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Standard Basis Function

(Belytschko & Black, 1999)

(Dolbow, Moes, Belytschko 2000)
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BCs for meshless methods itsche, 1971

problem: Dirichlet-type BCs are difficult to apply, as no

X €T s.t. Vi(x) =9

idea: Consider functional which incorporates boundary conditions:

Wl = [ lew): aw)f-2 [wawy+2 [ wietl [ way

Minimizing the functional 7 [u — u] with true solution u over all u € V' ¢ H' is equivalent to the

variational form (with our boundary conditions and the dynamic term):

/Qv~u,'}+/ne(v):a(uh)—/rDuh-a(v)+v-a(uh)

+A—£A/FD v+“f“/ro(v.ﬁ)(u,”.ﬁ):/mv.r

Coercive, symmetric operator — symmetric, positive-definite matrix (though slightly ill-conditioned)
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Breaking Ground
Soapbox
Simulation

» Learn and practice good programming techniques, models, and
tools (modular programming, good documentation, version

Control, e‘tc_) Introduction
» Others may want to use/read your code. |STEIELD G
> You may want to use/read your code. Meshless Methods
> You may want to add more physics, or take parts of your code for Results
inclusion in other codes
» V & V:validation and verification (benchmark benchmark Conclusions

benchmark!)

» “All the hard work is in [linear solves]. The others [nonlinear
solves, timestepping, physics control] are just cheap control
loops.” - David Keyes

» “Hybrid programming” — write computationally expensive code in
lower-level, compiled languages (C, Fortran) (or better yet, use
libraries) and write control code in higher-level, interpreted
languages (Python).



Conclusions ey Gro
Simulation

» Geophysical problems are cool! They provide challenges for
analysis, algorithms, implementation, data mining, and
visualization.

» XFEM can provide an alternative to the meshing problem for
simulations of repeated rupture in earthquake modeling.

Introduction
Earthquake rupture
Meshless Methods
Results
Observations
» Time spent now on learning to program and developing good

habits will result in savings in time and effort and better quality

research later.

Future work must incorporate these techniques and basis functions
into existing community earthquake code. Further complications
may/will come from 3D.
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Breaking Ground
in Earthquake

Partition of Unity (uarte and oden 95), (Melenk and Babuska 96)

Simulation
Define Q', an open cover on Q, and ¢;, a partition of unity, such that:
i Introduction
Q C U Q’ (1 ) Earthquake rupture
i Meshless Methods

support(¢;) < € (2) |Resilis
Z (;bi(X) — 1 V X € Q (3) Observations
i

Choose a set of extension functions, P’ ¢ H'(Q') to define the
PUFEM space:

P=) Plo= {Zv,»qﬁ,- v eP’} CH'

Take bothif =V = P.



	Introduction
	Earthquake rupture
	the model and problem difficulties

	Meshless Methods
	XFEM
	Boundary Conditions

	Results
	Validation and Verification
	One example

	Observations
	Conclusions

