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Method of fundamental solution based on complete spherical wave potential
solutions to 3-D elastic wave scattering and dynamic stress
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Abstract: A new method of fundamental solution based on complete spherical wave potential (SWP-MFS) is proposed to solve 3-D
elastic-wave scattering and dynamic stress concentration. The method established the boundary integral equation according to the
boundary condition. The solution was solved by placing the spherical wave sources of compressional wave and shear wave on a
virtual boundary based on the single layer potential theory. Through comparing with other available results, the excellent numerical
accuracy and stability of the SWP-MFS are validated. The method was demonstrated in an example of the 3-D scattering of P or SV
waves around an inclusion and a cavity in elastic full-space. Several important conclusions about scattering of 3-D elastic waves
around an inclusion were obtained. As the modulus ratio decreases (the inclusion becomes softer), the displacement amplitude
spectrums oscillate more rapidly with large amplitude. For horizontal incident P waves, it seems that the dynamic stress concentration
effect is more pronounced near the top and bottom of the spherical cavity, while it is more obvious near the two 45-degree angles of
the longitudinal section for horizontal incident SV waves. Compared with employing the Green’s functions of concentrated force, the
fundamental solution of SWP-MFS is more concise and easy to use, and provides a new meshless boundary-type method for elastic
waves analysis.
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Table 3 Convergence test of MFS on the displacement
amplitude under P waves (77 =2)

N=1 800 N=1200 N=800 N=600
C) e Y e ™ g
PR PR PR
0.0 2.264 2.264 0 2270 6x103 2276 12x10-3
22.5 1.030 1.030 0 1.038  8x103 1.039 9x10-3
450 0.274 0.274 0 0.273 1x103 0271 3x10-3
67.5 1.056 1.057 1x10-3 1.048 8x10-3 1.047 9x10-3

90.0 0.745 0.745 0 0.754
112.5 1.503 1.504 1x103 1.505 2x10-3 1.503 0
135.0 0.975 0.976 1x103 0.969 6x103 0.967 8x10-3
157.5 1.429 1.429 0 1417 12x107 1412 17x1073
180.0 1.754 1.754 0 1.747  7x107 1.746 8x10-3

9x103  0.756 11x10-3
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#4 SVEAHNT MFS T BEERERRR (7=2)
Table 4 Convergence test of MFS on the displacement
amplitude under SV waves (7 =2)

N=1800  N=1200 N=800 N=600
o1 Ml fAsfE }FEX?% R E EX# [hXEZi) tﬁﬁ
0.0 3916 3914 2x10° 3916 0 3917  1x10°
225 1647 1648 1x10°  1.643 4x10° 1.643 4x107
450 0849 0850 1x10° 0.855 6x10- 0.859 10x107
67.5 0716 0717 1x102 0715 1x10° 0.722 6x10-3
90.0 0762  0.761 1x107 0.756 6x10 0.748 14x10°
1125 0.841 0.840 1x107 0.833 8x102 0.830 11x1073
1350 0578 0577 1x10° 0587 9x107  0.592 14x1073
1575 1927  1.927 0 1.928  1x103 1922 5x10°
180.0 0942 0946 4x107 0954 12x107 0.954 12x10°3
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Fig.5 Calculation model for 3-D scattering of
incident P waves or SV waves
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Fig.6 Displacement amplitude spectrum for the inclusions
with different stiffnesses and a spherical
cavity under P waves
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Fig.8 Amplitudes of hoop stress around an elliptical cavity
under P waves with different frequencies
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