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Surface waves Summary

Rayleigh and Love waves Identifying the subsurface anomalies has always been of interest to the
Diffracted waves geotechnical and geological engineers especially when there is the potential
Elliptic shape of R-wave risk of collapse and settlement. These anomalies have various effects on
Particles motions different components of the surface waves. Therefore, in this paper, the effects
Vertical and radial components of empty and solid cavities on the components of Rayleigh (R) and Love (L)
Cavity waves are investigated in homogeneous and layered soil media. In this regard,

the vertical and radial components of the Rayleigh and Love waves are

compared by applying vertical and horizontal loads. Moreover, the elliptical
shape of R-wave is evaluated for different models without cavity, with cavity and intrusion (i.e. filled cavity). All 2D
and 3D models are simulated using finite element method (FEM) in the Abaqus software. Furthermore, the potential
ability of different components of the surface waves for cavity detection is compared by considering the resolution of
the diffracted waves and their amplitudes in the wave-field domain. The results show that the elliptical shape of
particles motions, maximum normalized amplitude and the ratio of different components of R and L waves are
influenced by the subsurface cavities.

Introduction

Subsurface cavities cause serious damages to crop lands, residential buildings, roads and other structures as well as
environmental, economic and social losses (Rahnema and Mirassi, 2012, 2016). Thus, detection of sinkholes and
cavities are really important for many engineering projects. In this regard, different geophysical methods have been
employed for detecting cavities, including P-wave seismic refraction (Engelsfeld et al., 2008; Sloan et al., 2013; Imposa
et al., 2018), gravimetry (McKenna et al., 2016) and resistivity (Zhu et al., 2011). Several researchers published their
obtained results on cavity detection using seismic surface waves (e.g. Nasseri-Moghaddam et al., 2005; Xia et al., 2007,
2012). Shao et al. (2016) investigated near-surface cavity detection by generalized S-transform of R waves based on
small modification to the travel time equation for R-wave diffraction of the study made by Xia et al. (2007). Chai et al.
(2013, 2014) studied the influence of the source and void depth on the wave-field in half-space and layered media by
numerical simulation. Attenuation analyses of R wave have demonstrated satisfactory results in identifying shallow
subsurface voids (Nasseri-Moghaddam et al., 2005). In addition, numerical studies (Gelis et al., 2005; Wang et al.,
2014; Hei et al., 2016) have verified the feasibility of detecting near-surface voids using seismic waves.

Methodology and Approaches

The main contribution of this paper is to apply the FEM method to identify cavities in soil media by analyzing the
particles motions and different components of R and L waves. The circular cavities are modeled in different materials
of the empty cavity (cavity) and filled cavity (intrusion) in the half-space and layered soil media. Surface waves
propagation is analyzed according to multi-channel analysis of surface waves (MASW) method. All 2D and 3D models
are simulated using the FEM in the Abaqus (6.14) software. In this research, the authors try to evaluate and compare the
different components of surface waves by applying seismic loads in vertical and horizontal directions. In this regard,
first, the obtained results from the simulations using Abaqus software and MATLAB code are verified, and then, the
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results of 2D and 3D modeling of soil media without cavity, with cavity and intrusion are evaluated. Hence, the
comparison of radial, vertical and transversal components of surface waves are conducted based on the maximum
normalized amplitude of each trace recorded by receivers. Furthermore, the elliptical shapes of R waves are evaluated
in different location of receivers, which are located before, above and after the buried cavity.

Results and Conclusions

The results of 2D and 3D models show that some local changes in the maximum normalized amplitude and the ratio of
different components of R waves are related to the presence of cavity and intrusion. The ratio of different components
of R and L waves represents the significant change due to the effects of cavity and intrusion. Moreover, the deformation
of the elliptical shape of R waves represents the location of the cavity and intrusion. The comparison results of applying
vertical and horizontal seismic source loads show the significant effect of the subsurface cavity on the radial component
of R and L waves. In general, elliptical shape of particles motions, the maximum normalized amplitude of each trace,
and the ratio of different components of R waves are found to be helpful in detecting cavities using synthetic data.




