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A UNIFIED COMPUTATIONAL FRAMEWORK FOR FLUID-SOLID COUPLING IN
MARINE EARTHQUAKE ENGINEERING
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Abstract The simulation of seismic wavefield at seafloor and seismic response of marine structures involves the coupling
between seawater, saturated seabed, elastic bedrock and structure. That means, we target simulation where several ty
of equations are involved such as fluid, solid and saturated porous media equation. The conventional method for thic
fluid-solid-saturated porous media interaction problem is to use exsisting solver§eséwli equations and coupling
method, which needs data mapping, communication and coupling algorithm betJieeendisolvers. Here, we present

an alternative method, in which the coulping betwedfedint solvers is avoided. In fact, when porosity equals to one
and zero, the saturated porous media is reduced to fluid and solid respectively, so we can use the porous media equati
to describe the ideal fluid and solid, and the coupling between porous media, solid and fluid turns to the coupling betweer
porous media with dierent porosity. Based on this idea, firstly the Biot's equations are approximated by Galerkin scheme
and the explicit lumped-mass FEM is chosen, that are well suited to parallel computation. Then considering the traction
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and velocity continuity on the interface between porous media witeréint porosity, the coupled algorithm is derived,
which is proved to be suitable for the coupling between fluid,solid and saturated porous media. Thus, the coupling
problem between fluid, solid and saturated porous media can be brought into a unified framework, in which only the
solver of saturated porous media is used. The three-dimensional parallel code for this proposed method is programe
examples for analysis of layered water-saturated seabed, water-bedrock, and water-saturated seabed-bedrock semi-infir
systems subjected to plane P-SV wave are given, and the proposed unified framework is verified through comparisol
between the results obtained through the proposed unified framework combined with tansmitting boundary condition anc
those obtained through tansfer matrix method.

Key words fluid-solid coupling, saturated porous medium, marine earthquake engineering, explicit lumped-mass finite
element method, transmitting boundary, parallel computation
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Table 1 Parameters of material

Media Prositys 1o ps/(kg-m~3) pwl(kgm=3) v G/MPa Ew/GPa  M/GPa « ko/pm?
seawater 1 0 0 1000 0.49 0 2.25 2.25 1 1
saturated soil 0.26 0.001 2000 0.49 83.2 2.25 4.78 0.697 7 10
bedrock 0 0 2500 0.2 480 0 — 0 0
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