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Soil response characteristics to earthquakes
based on deconvolution interferometry

Wang Fei''?" Kalkan Erol” Ren Zhilin?

1) Institute of Geophysics, China Earthquake Administration, Beijing 100081, China
2) Earthquake Administration of Beijing Municipality, Beijing 100080, China
3) Earthquake Science Center, U. S. Geological Survey, Menlo Park , California 94025, USA

Abstract; Seismic interferometry technique was used to extract the shear wave
velocity and damping ratio of the soil at the Delaney Park, Anchorage Alaska
from the measured soil response to ten earthquakes. The soil response is record-
ed by a geotechnical array. This array consists of a surface and six borehole sta-
tions equipped with a tri-axial accelerometer each. Deconvolution of the wave-
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forms recorded by the borehole accelerometers at various depths with the wave-
form recorded at the surface accelerometer manifests an upward and a downward
travelling wave in the soil. The arrival times to each accelerometer are obvious
so that the entire travel time and time differences are extracted from the decon-
volved waveforms. The shear wave velocity and its profile estimated from the
deconvolution analysis agree reasonably well with in-situ measurements. The
predominant frequencies are also inferred from the shear wave velocity and they
are basically consistent for the ten earthquakes. The damping ratio is similarly
investigated from the amplitude attenuation of the upward and the downward
travelling waves. The value of damping ratio coincides with the empirical damp-
ing ratio of the soft clay as well. Analysis indicates that wave deconvolution can
be used to extract the soil response and its characteristics.

Key words: soil response; wave propagation; deconvolution analysis; equivalent
shear wave velocity; predominant frequency; damping ratio
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Fig. 1 (a) Soil response observation array in the Delaney Park and structural

response observation array in the Atwood Building; (b) In-situ shear

wave velocity measurements when the arrays were built
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Fig. 2 Locations of the selected earthquakes

for analysis in this paper
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Table 1 Parameters for ten earthquakes selected in this paper

M o o

o /km /km / (emes 2) / /
1 2012-05-16 4.6 61.7 10. 8 17. 66 61.1175 149. 9260
2 2011-06-16 5.1 58.9 81.1 7.78 60. 7649 151. 0760
3 2010-04-07 4.6 35.3 42.7 3.62 61.5795 149. 6520
4 2010-07-08 4.8 14.9 73.5 6.57 61.8052 150. 5050
5 2010-09-20 4.9 45.4 20.7 30.53 61.1147 150. 2190
6 2009-06-22 5.4 64. 6 91.5 11. 64 61.9391 150. 7040
7 2009-08-19 5.1 66. 4 51.7 5.44 61.2279 150. 8580
8 2006-07-27 4.7 36.0 13.3 13. 86 61.1554 149. 6780
9 2006-09-06 4.5 40.7 45.4 2.94 61.6213 149. 9300
10 2013-03-13 5.4 83.6 162.0 1. 07 62.5588 151.0710

1 ( 1 s
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Fig. 5 (a) Waveforms of signals deconvolved with the surface signal at all levels;
(b) Best fitting line for shear wave velocities based on the arrival

times shown in Fig. 5a and the depths of the accelerometers
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Table 2 Equivalent shear wave velocities on the site and at different levels for the selected ten earthquakes
. /(mes™1)
0—10.7 m 10.7—18.3 m 18.3-—30.5 m 30.5—45.4m 45.4—61 m
/(mes 1)

1 293 267.5 267.5 304.0 253.3 221.8 271.1 298.0 298.0 780.0 624.0
2 293 267.5 267.5 253.3 304.0 271.1 244.0 270.9 298.0 780.0 624.0
3 292 305.7 267.5 253.3 304.0 244.0 244.0 270.9 298.0 780.0 624.0
4 294 267.5 305.7 304.0 253.3 244.0 244.0 270.9 298.0 780.0 624.0
5 294 305.7 305.7 217.1 253.3 271.1 244.0 270.9 298.0 780.0 624.0
6 294 267.5 305.7 253.3 253.3 271.1 244.0 270.9 298.0 780.0 624.0
7 297 305.7 305.7 253.3 253.3 244.0 271.1 298.0 270.9 624.0 624.0
8 295 267.5 267.5 253.3 253.3 271.1 244.0 331.1 298.0 624.0 624.0
9 296 305.7 267.5 253.3 304.0 244.0 244.0 270.9 298.0 780.0 624.0
10 295 305.7 305.7 253.3 253.3 244.0 244.0 270.9 298.0 780.0 624.0
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Fig. 6 Comparison of layered equivalent shear wave velocities Vs by in-situ test (a),
upward (b) and downward traveling waves (c¢) obtained from wave deconvolution
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Vs
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Table 3 Soil predominant frequencies inferred
. .. 1) f D) V5
from equivalent shear wave velocities
sy H 6
Vs
[(mes 1) /Hz 1 , 293 m/s.
1 293 1. 201
2 293 1.201 1. 201 Hz. 10
3 292 1.197 3
b
4 294 1. 205
5 294 1. 205 1. 206 Hz.
6 294 1. 205 ,
7 297 1. 217
: 2%,
8 295 1. 209
9 296 1. 213 3.4
10 295 1. 209 N
2nfy
h=—=2L (2)
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Fig. 7 Best fitting line for equivalent damping 3 4
ratio based on the logarithmic value for
amplitude ratio of upward to downward
travelling wave with the depth k —0.0052, 7
f 14.7 Hz,
Vs 293 m/s. 1 1.65%.
9 , 4 . 10
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Table 4 Soil equivalent damping ratios inferred from equivalent shear wave velocities

/Hz Vs/(mes 1)
1 14.7 293 —0.0052 1.65%
2 14. 6 291 —0.0051 1.63%
3 14. 8 292 —0.0051 1.60%
4 15.0 294 —0.0054 1.68%
5 14. 8 294 —0.0052 1.64%
6 14.5 294 —0.0051 1.65%
7 15.1 297 —0.0053 1.66%
8 14.6 295 —0.0052 1.67%
9 14.7 296 —0.0052 1.67%
10 14.5 295 —0.0052 1.68%
14.7 294 —0.0052 1.65%
b
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b
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b
b
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