N

N

A Coupled 2D Finite-Elements - Finite-Difference
Method for Seismic Wave Propagation: Case of a
Semi-Circular Canyon
Ariane Ducellier, Hideo Aochi

» To cite this version:

Ariane Ducellier, Hideo Aochi. A Coupled 2D Finite-Elements - Finite-Difference Method for Seismic
Wave Propagation: Case of a Semi-Circular Canyon. 9th International Conference on Mathematical
and Numerical Aspects of Waves Propagation - Waves 09, Jun 2009, Pau, France. hal-00574238

HAL Id: hal-00574238
https://brgm.hal.science/hal-00574238
Submitted on 7 Mar 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://brgm.hal.science/hal-00574238
https://hal.archives-ouvertes.fr

A Coupled 2D Finite-Elements - Finite-Difference Method for
Seismic Wave Propagation: Case of a Semi-Circular Canyon

Ariane Ducellierl, Hideo Aochi!
! BRGM, Development Planning and Natural Risks Division, Orléans, France
Abstract

We present a coupled method to simulate elastic wave propagation when taking into account
the topography of a free surface. This method combines a finite-elements method (FEM) and
a 4™-order velocity-stress staggered-grid finite-difference method (FDM). The aim of this
combination of two numerical methods is to keep the advantages of both methods. The FEM
is used to model the topography where the FDM cannot accurately model it. To couple the
two methods, a finite-width interface (5 finite-difference grid spacing) is prepared, where a
high-order interpolation scheme is used. The accuracy and efficiency of the method are tested
by the simulation of wave propagation in a semi-circular canyon. Then, more complex models
are studied.

Introduction

The 4™-order velocity-stress staggered-grid finite-difference method (FDM) is a simple and
efficient method to simulate seismic wave propagation in elastic media and was therefore
widely implemented [1]. However, it cannot accurately model free surfaces and topography.
The finite elements method (FEM) is a more accurate method to model the free surface and
the topography because it can be used with irregular grids and elements of different sizes and
geometries. However, it requires significantly more memory than the FDM. To keep the
advantages of both FDM and FEM, a combination of both methods was proposed with 2™-
order finite-difference [2] and with 4" order finite-difference [3]. We adopt Ma et al.'s
method [3] to simulate wave propagation in a semi-circular canyon.

1. Method
1.1. Geometry

Model geometry of the validation model is shown in Figure 1. For the FD part, we use a
classical 4™-order velocity-stress staggered-grid FDM [1, 4]. At the boundaries, we used a
Convolutional Perfectly Matched Layer (CPML, see [5]) to avoid artificial reflections (grey
area). For the FE part, we prepare two domains:
® A layer of structured square meshes which size is half the size of the FD grid. This
layer must overlap the FD grid and must be at least 5 finite-difference grid spacing
wide.
® Ordinary unstructured meshes which can be either quadrangular or triangular
elements.
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Figure 1. Model geometry tested in this study. The main part of the medium is modeled with
finite-difference grid. The area around the canyon is modeled with an unstructured finite-
element mesh. Between the two areas, an interface layer is modeled with a structured finite-
elements mesh.

1.2. Procedure

We follow the same procedure as [3]. It is summarized as:

1. Calculate velocities at time n+1/2 from those at time level n-1/2 and stresses at time
level n in the FD region.

2. Calculate displacements at time n+1 from those at time n and n-1 in the FE region.
Using displacements at time level n and n+1, calculate the velocities at time n+1/2 in
the interface area and assign them to the appropriate FD grid points.

3. Update the stresses at time level n+1 from those at time level n and velocities at time
level n+1/2 in the FD and interface region.

4. As in Ma et al.'s paper [3], we assume the velocity field as a 3™-order polynomial,
which give us an interpolation scheme to get the velocities at FE mesh points on the
boundary of the interface. Calculate the displacements at time level n+1 from
displacements at time level n and velocities at time level n+1/2.

2. Result

We use a double-couple point source with the following release-rate function:

with : mg = 10" N.m.s'l, t; = 0.1 s and t, = 0.05 s. The source is located in the middle of the
medium at y = - 200 m. The FD grid spacing is 10 m. The time step is 0.0001 s. We show in
Figure 2 snapshots of the horizontal and vertical velocity at time steps 0.16 s, 0.20 s, 0.24 s,
0.28 s and 0.32 s. The S-wave arrives at the bottom of the canyon at around 0.20 s. Then, we
observe the up-going S-wave along the canyon shape and the reflected S-wave going back to
the bottom. The strong inflected waves are due to the extremely sloped edges of the canyon (t
= (.28 s). This simulation shows the good efficiency of the FD-FE coupling. The method is
then applied to more complex models.
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Figure 2. Snapshots of the horizontal (left) and vertical (right) velocity in the medium at time
steps 0.16 s, 0.20 s, 0.24 s, 0.28 s and 0.32 s (top to bottom). The CPML area is not shown
here.
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