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COMPARISON AMONG IMPLEMENTATIONS OF FREE-SURFACE
BOUNDARY IN ELASTIC WAVE SIMULATION USING THE
FINITE-DIFFERENCE METHOD
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Abstract: Representation of free-surface boundary condition in numerical calculations is an important aspect
for seismic wave simulation. The effectiveness of numerical representation directly relates to whether the wave
field can represent the true response of free-surface medium characteristics. Five common implementations of
free-surface boundary used in the staggered-grid finite-difference method were evaluated, including the direct
method, the stress image method, the improved stress image method, the transversely isotropic medium approach
and the acoustic-elastic boundary approach, and a comparison with the finite-element method was also conducted.
Simulation results of the transversely isotropic medium approach and the finite-element method are consistent
best in visual comparison of waveform curve and quantitative comparison of amplitude ratio and correlation
coefficient. Further numerical simulation results of elastic wave in layered medium model show that the
transversely isotropic medium approach is the most accurate and reliable one which could represent seismic wave
propagation in free-surface medium.
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Fig.2 Sampling points of free-surface boundary in the stress
image method
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Fig.3 Sampling points of free-surface boundary in the
improved stress image method
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implementations of free-surface boundary
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Fig.6 Snapshots of velocity component computed by the finite element method and the finite-difference method with five
implementations of free-surface boundary
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Table 1 Amplitude ratio of stress waveform
HEA AL GvE 108 2 0E E3 0 E40E 5 siE Ty
HEE 0.10 010 0.10 0.10 0.10 0.10
ISk SN 232 250 266 284 3.02 267
SUE N, ) 52 433 426 422 427 435 429
B & R UYL 084 091 097 105 1.12 098
A FUR 144 156 171 187 211 174

x2 MOKRMBEXREY

Table 2 Correlation coefficients of stress waveform

SREEEUE 3L DIRPS

S 10E B2 W3 P 40E S5 Py

JEE227 -091 -0.86 -0.81 -0.75 —0.69 —0.81

INFAE: R SR 087 077 066 056 045 0.66
BSANIIE XSS 0.00 -0.03 -0.10 —-0.16 -021 —0.10

B & R UL 086 074 062 050 039 0.62
20 TR 0.66 043 023 009 -0.01 028
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Table 3 Amplitude ratio of velocity waveform

FUER A b BB 108 35208 SR 308 408 5 S5 P

Bk 0.02 002 002 002 003 0.02

ISk eSS 146 145 144 144 145 145
ORIy ARk 3.63 374 381 387 390 3.79
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AR TR 108 100 094 089 084 0.95
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Table 4 Correlation coefficients of speed waveform

A i A vk 18 2J8 3 418 53 T
Bk -0.77 -0.71 -0.64 -0.58 -0.51 -0.64

N AR 093 085 075 064 053 074
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Table 5 Parameters of layered medium model

B R B (kg/m®) B/ (m/s) BT IGE (m/s)
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Fig.9 Surface record of elastic wave field
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