67 1 Vol. 67, No. 1
2024 1 CHINESE JOURNAL OF GEOPHYSICS Jan, ,2024

s s . 2024, . ,67(1):308-317,doi: 10. 6038/
¢jg2023Q0195.
Qin L P, Wang Y, Zhang D M, et al. 2024. A case study: application of six-component seismic observations in urban

engineering investigation. Chinese J. Geophys. (in Chinese),67(1):308-317,doi:10.6038/cjg2023Q0195.

1 1% 2 1 1 1
’ ’ ’ ’ ’ ’
1 1 1 3

’ ’ ’

1 ( ) s 100083

2 s 100074

3 s 550081
S b

(MASW) (SPAC) ,
Rayleigh . .30 Hz
Rayleigh . MASW ,
doi:10. 6038/ cjg2023Q0195 P631 2022-03-26, 2023-09-19

A case study: application of six-component seismic observations

in urban engineering investigation

QIN LinPeng', WANG Yun'*, ZHANG DongMing®, GUO GaoYuan', CHEN Chang',
CHEN Feng', QIAN RongYi', MA ZhenNing', CHEN YongYang', WANG Chao’

1 School o f Geophysics and Information Technology, China University of Geosciences, Beijing 100083, China
2 Beijing Institute of Automatic Control Equipment, Beijing 100074, China

3 Institute of Geochemistry, CAS, Guiyang 550081, China

Abstract Using the surface wave dispersion curves to invert the S-wave velocity of subsurface
media is an important method in shallow engineering seismic exploration. Traditional surface
wave analysis methods include Multichannel Analysis of Surface Waves (MASW) and Spatial
Auto-correlation (SPAC), which require the use of z—component or 3-component leveling seismometer
arrays to simultaneously record ground motion. However, the surface wave dispersion curves can be
theoretically obtained by recording only the six-component seismic data from a single station with
translational and rotational motions. A case study of shallow engineering exploration in Tangshan

City is introduced in this paper. Through comparing the Rayleigh wave dispersion curves extracted with
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different observations, the experiment shows that, when the P-wave vibroseis is used as the seismic

vibration source, the fundamental Rayleigh wave dispersion curve below 30 Hz extracted from the

six-component seismic data with only single-station observation is consistent with the dispersion

curves extracted with array of geophones. The study suggests that in the shallow engineering

seismic exploration, it is feasible and convenient to invert the S-wave velocity of subsurface media

by using six-component seismic data instead of dense translational observations.
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(a) Field test location (the red rectangle) and surrounding urban functional areas. The white rectangle is an enlargement

of the test area and the green line represents the survey line; (b) The surface conditions in work area
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Fig. 3 Schematic drawing of Rayleigh wave propagation
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The Z-axis point upwards, opposite to traditional Z-axis's
direction; w g and o 7 are schematic diagrams of the rotation
components in the R-axis's and Z-axis's directions, which are

all equal to zero for Rayleigh wave propagating along the R-Z plane.
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4 Smartsolo (a) (b1, 0 m,b2 46 m)
Fig. 4 Records of the Smartsolo (a) and continuous wavelet transform results (b1,

where the bl represents Offset=0 m, and b2 is of Offset=46 m)
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Fig.5 (a), (b) Multi-channel seismic Z-component recordings and surface wave dispersion curve after cross-correlation;

(¢), (d) Virtual shot set and surface wave dispersion curve obtained by the Noise Cross-correlation Functions(NCFs)
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Fig. 6 (a) Using Welch's method to improve the SNR of Rayleigh wave extracted by cross-correlation;
(b) Influence of threshold method on SNR of virtual shot set
Solid lines represent the SNR; scattered points represent the difference of SNR before and
after Welch's method is applied.
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Fig. 7 Six-component seismic data and its continuous wavelet transform results

(al—a3) Translational R, T, and Z components from top to bottom; (bl—b3) Rotational Rg, R, Rz components from top to bottom.
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Fig. 8 Back-azimuth estimates using polarization analysis
method with six-component seismic data
The color bar represents the normalized densities of the
distribution, the radial direction of the polar coordinate system
represents the frequency, and the angle represents the back

azimuth; the dotted arrow marks true back azimuth.

All rights reserved. http://www.cnki.net
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Fig. 9 Rayleigh wave phase velocity at 18 Hz center frequency
(a), (b) represent the vertical acceleration and tangential rotational velocity after band-pass filtering, respectively; (c) represents the
Rayleigh wave phase velocity obtained by the scanning method. The dotted line represents the time window of the Rayleigh wave signal;

(d) The continuous wavelet transform result of the vertical acceleration component.

( ) ; 30 Hz

, (MASW)

10

, Welch
s NCFs ’
s (MASW)

Fig. 10 Dispersion curves extracted ,

by using different methods (Igel et al. , 2005; Wassermann et al. , 2016;

The dispersion curve extracted by the six-component seismic data

(green line) , the passive source data (red line) and the active Yuan et al. , 2020). ’
source data (blue line). After the passive source data uses the
NCFs method to form a virtual shot, it uses the Multi-channel
Analysis Surface Wave method (MASW) to extract the dispersion ,
curve like the active source data.
b
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