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DECOMPOSITION OF SURFACE SEISMOGRAMS IN THE COMPLEX
FULL-WAVEFIELD INTO P-, SV- AND SH-WAVES 

Evaluation of the method in time-space domain based on numerical experiment

Hirotoshi UEBAYASHI

We have shown a procedure for separating, in the spatial domain, synthesized waves in complex wavefields into the wave motion components 
of their P-, SV-, and SH-waves solely from the displacement vectors at the ground surface. We applied this procedure to the synthetic surface 
seismic motions in a three-dimensional sedimentary-basin model with a dislocation point source and then investigated the accuracy of the 
finite-difference approximation of the partial derivatives with respect to space using the three-component acceleration waveforms obtained from 
the potentials by extending the Aki and Larner method.  
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Fig. 1 Three-dimensional sedimentary basin model with dislocation point source.  
(The white circles represent the output points of the waveforms 
shown in Fig. 3.) 

Fig. 2 Moment-rate function (a) and its Fourier spectrum (b).

Table 1 Coordinates of points indicated by white circles in Fig. 1. 

─ 515 ─



Fig. 3 Three-component waveforms in full wavefield at points P1 to P6 (a) and P7 to P9 (b) (left side) and comparison of the
components of P-, SV-, and SH-waves between the NF3DALM (target; upper lines) and the presented procedure for
different grid spacing ( h; 0.15 km (middle lines) and 1.2 km (lower lines)) used in obtaining the spatial partial derivatives. 
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Fig. 5 Dispersion curves of Rayleigh and Love waves 

Fig. 4 Fourier spectra averaged for all grid points on the sediment. 

Fig. 6 Normalized residuals of waveforms of the separated
P-, SV-, and SH-waves with the five grid spacings. 
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Fig. 7 Time-history snapshots of three-component accelerations at ground surface for full wavefield (left side)
and separated P-, SV-, and SH-wavefields at three times: t = 6.4 s, 9.1 s, and 15.0 s. 
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traverse lines at x=16.8 km (a) and y=16.8 km (b) (lines shown in a lower right figure in Fig. 7), paste-up at 0.3 km intervals. 
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In recent years, synthesis of strong ground-motion waveforms has increasingly been performed by finite-difference 

methods (FDM) in strong ground-motion prediction using models of subsurface velocity structures with irregular 

sediment-bedrock interfaces and incident waves from complex source processes. It is known that the seismic motions in 

the simulations of these complex subsurface velocity structure models exhibit remarkable temporal and spatial 

variations due to interference between waves (including transforms between P- and S-waves and between body and 

surface waves) dispersed by irregular sediment-bedrock interfaces. The characteristics of these variations can be 

investigated in more detail if these complex wavefields can be separated into P- and S-waves and the S-waves can 

further be separated into SV- and SH-waves.  

In this article, in the spatial domain, we have presented a procedure for the separation of waves in an irregular 

subsurface structure model into P-, SH-, and SV-waves based on the ground surface displacement (or velocity or 

acceleration) induced by the seismic motion (or velocity or acceleration) synthesized by FDM or other method or taken 

from high-density array earthquake observation recordings, and applied the procedure to the synthetic seismic motion 

response induced by a dislocation point source in a three-dimensional sedimentary-basin model (Figs. 1 and 2) to derive 

the acceleration waveforms corresponding to the P-, SH-, and SV-wave potentials. This enabled clear identification of 

the radiation characteristics of the body waves by the potentials corresponding to the point source mechanism, together 

with clear identification of a wave group (Rayleigh waves) formed by coupling of P- and SV-waves, and a wave group 

(Love waves) solely of SH-waves travelling horizontally in the sedimentary layer (Figs. 7 and 8). 

As given in Chapter 2, we have in particular presented a procedure for considering the expression (Eqs. 1(a)-(c)) of 

relations between the three-component displacements  and the P-, SV-, and SH-wave potentials { , , } while 

assuming stress-free conditions (Eqs. 7(a)-(c)) at the ground surface, and thereby deriving their potentials in the 

spatial domain solely from the displacement vectors of the full wavefield at the ground surface. Using this procedure, 

we derived the P-wave potential (Eq. 8a) and the vertical displacement component (Eq. 8b) induced by this potential 

without performing partial differentiation of the ground surface displacement vectors in the vertical direction, and next 

derived the SH-wave potential as the solution of the two-dimensional Poisson equation (Eq. 3) at the ground surface. 

The three-component displacement induced by the SV-wave potential were obtained by subtracting the previously 

obtained components of displacement induced by the P-wave potential and the SH-wave potential from the 

three-component displacement induced by the given full wavefield (Eqs. 11(a)-(c)). To investigate the separation 

accuracy of the finite-difference approximation (Eqs. 12, 13 and 14) of the partial derivatives with respect to space, we 

compared the results with the three-directional acceleration waveforms induced by the potentials obtained by the 

near-field three-dimensional Aki and Larner method (NF3DALM)ref. 16) (Fig. 3). The results showed that good accuracy 

is obtained by the finite-difference approximation with a grid spacing that is approximately one-fourth or less the 

shortest wavelength of waves travelling horizontally in the sedimentary layer (Fig. 6). 
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