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Numerical Analysis of Rayleigh Wave Scattering over Shallow Cavities

WANG Qiyuan ,CHAI Huayou  ,DING Wei
School of Resource and Civil Engineering, Wuhan Institute of Technology, Wuhan 430074, China

Abstract: The shallow wave fields induced by the surface sources in homogenous half spaces are dominated by
Rayleigh waves, whose energy is distributed within the depth of one wavelength. When the forward Rayleigh
waves encounter the shallow cavities, the behavior of Rayleigh waves changes and the waves are scattered at the
boundaries of the cavities. To analyze this phenomenon, the axisymmetrical models were used to numerically
simulate the responses of the waves scattered at the cavities present in the half space. Effects of the depth and
geometrical size of the cavity on the wave scattering were investigated from the disturbances of the surface wave
spectrum in the domain of the offset and the wavelength. With the analysis of disturbances characteristics of the
surface wave field spectrum, the relationship between the cavity depth and the characteristic wavelength
corresponding to the energy interface above the cavities was established. The results showed that the depth of
cavity was a major parameter influencing the disturbances of the surface wave field spectrum. When the depth of
cavityis was about 1.5 times the characteristic wavelength, the energy interfaces could be formed in the surface
wave fields around the cavities due to the wave scattering at the boundaries. Thus it is feasible to predict the
depth and location of the cavity by the disturbances characteristics of the surface wave field spectrum.
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Fig. 4 Responses of particle velocity in homogenous half
space: (a)Time history of vertical particle velocity;

(b)Contour plot of particle velocityin wave filed
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Tab. 1 Actual and estimated locations of cavities

BRI SRR E / m UG/ m
(EEPRERIIE RS - - XFREE KA 7 m
] I B T JEHB I B i BT T SRR
a 10 15 1.5 4.5 10.4 14 1.096 N.A. 1.096
b 10 15 2 5 10.4 14.4 1.35 N.A. 1.35
¢ 10 15 2.5 5.5 10.8 14.4 1.607 N.A. 1.607
d 10 15 2.5 3.5 10.8 14.4 1.607 N.A. 1.607
e 15 20 2.5 5.5 15.6 19.6 1.612 N.A. 1.612
f 10 15 3 6 10.8 15.6 1.809 N.A. 1.809
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Fig. 9  Amplitude spectra of particle velocity in offset -wavelength domain (solid lines:actual shapes of cavities; dotted lines:

estimated shapes, I , Il and IIl represent the top, near and far boundaries respectively )
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