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Abstract: Seismic response analysis of soil plays a major role in the seismic safety assessment of
engineering sites;it reflects the influence of the characteristics of engineering sites on the input
ground motion parameters of a structure.Seismic analysis can either be performed in the time or
frequency domains. The dynamic analysis of soil is based on the principle of soil dynamics and the
viscous damping model,and the Rayleigh proportional damping matrix is built on the assumption
that the vibration modes are orthogonal about the damping matrix; therefore, two structural vi-
bration modes can be chosen to obtain the proportion coefficient of the damping matrix. The selec-
tion of viable damping models is important for seismic response analysis of deep soil layers in the
time domain, and in this paper, the influence is discussed using six different damping matrices
formed by the hysteretic damping ratio and modal damping ratio. The paper first introduces two
damping matrices based on the hysteretic damping ratio and Rayleigh damping, which is based on
the viscous damping ratio. Then,six different damping matrices are constructed for the seismic re-
sponse analysis of a deep soil site: the first and second frequencies, the first frequency and the fre-
quency closest to the predominant frequency of the seismic wave, the first frequency and third fre-
quencies,a common model based on the first frequency used in soil dynamics,and other forms,

such as equivalent damping matrices based on the first frequency and the translation frequency.
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The damping frequency can be considered as independent in the frequency domain and an accurate
solution can be obtained. The time domain solution is obtained using ANSYS, which uses a one-di-
mensional soil column for the simulation.Using a deep soil site as an example, the influence of the
different damping matrices on the seismic response is analyzed under an input of synthetic bed-
rock seismic waves and a natural seismic wave, the Shanghai Sheshan bedrock seismic wave, re-
corded in the Wenchuan earthquake. The seismic response results at different depths of the soil are
compared with the frequency domain solution. The results show that the influence of the damping
matrix is greater on the accelerations than on the displacements. The peak ground acceleration is
most overvalued by 47.28 % ,and most undervalued by 32.53% compared to the frequency domain
solution.The cause for the different influences of these damping matrices is investigated. The cho-
sen wave spectrum characteristics are different,and the degree of influence of a damping matrix
also varies depending on the input wave spectrum characteristics. The spectrum characteristics of a
seismic wave should be considered during the selection of a damping matrix. The frequency infor-
mation of actual bedrock seismic records are generally abundant and due to the frequency correla-
tion of the selected damping in the time domain, using only one frequency is often not sufficient to
reasonably reflect the characteristics of a seismic wave. Therefore,both the spectrum of a seismic
wave and the actual soil condition at the site should be considered to determine an appropriate
damping matrix to obtain more accurate and reasonable results.
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Table 1 Parameters of soil layers in one site in Shanghai
. JZ I IR LURVINIZTS W/
A i B/ m /Cmes ) (kgem ?)
1 AR+ —2.1 100 1900
2 T 1 —3.3 110 1860
3 AT BT EE i —9.5 120 1840
4 WE B+ —15 150 1760
5 ®it —24 200 1820
6 A 1 —27.5 260 2010
7 b Bk 1 —38 280 1900
8 w5 4n —60 330 1940
9 A 1 —72.5 350 1900
10 s —78.5 360 1930
11 mwbderpfier  —100 380 1940
12 #mawbdehy  —150 496 1970
13 TR+ —165 480 2 000
14 Haebdomsr  —210 522 1950
15 Ik —250 530 2 000
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Table 2 Natural frequency of soil(Hz)

i % 1 2 3 4 5

P 0.490 1.184 1.870 2.529 3.288
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Fig.1 Acceleration time history of artificial seismic wave
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Table 3  Corresponding frequency under input of different
seismic waves(Hz)
e S S S S S Se
ATH 049 1.18 1.87 8.55 2.60 8.46
0.49 1.18 1.87 0.49 1.40 0.134
(0.49)  (1.18) (1.87) (0.49) (1.40) (0.084)
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Table 4 Proportional coefficient of different damping

matrices
B J2 5 T 5% ALK ARk
B a B
1 0.228 9.50E-3 0.228 9.50E-3
2 0.291 1.76E-3 0.154 0.016 2
3 0.244 6.74E-3 0.244 6.74E-3
4 0.154 0.016 2 0.154 0.016 2
5 0.032 4 0.032 4
6 0.006 1 0.011 4
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Table 5 Comparisons of peak acceleration at different depth

(%)
e Wb HF 20 m )2
FBE AT Al ATE Aldk AT Ak
—12.50 —14.26 —27.84
1 2.76 —1.19 20.6
(—20.43) (—21.74) (—34.53)
—12.79 —14.36 —27.99
2 47.28 28.16 65.42
(—19.90 (—21.43) (—34.83)
—12.30 —14.15 —27.68
3 13.48 3.58 27.12
(—20.72) (—2L.70) (—34.38)
—12.79 —14.36 —27.99
4 —15.58 —7.40 14.24
(—19.90 (—21.43) (—34.83)
—12.70 —14.26 —28.62
5 —32.53 —5.97 12.54
(—19.26) (—21.13) (—35.28)
23.54 20.81 0.31
6 43. . :
(12.10) (9.16) (—10.9D
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Table 6 Comparisons of peak displacement at different depth

(%)
FHLE i 3% b T 20 m T2
R N &gk AT &R AT &L
—0.85 0.00 0.00
1 0 —0.49 0.
(—0.82) (—0.88) (—1.54)
—0.85 0.00 0.00
2 1.78 —1.47 0.89
(—0.82) (—0.88) (—1.50)
—0.85 0.00 0.00
3 0.89 —0.49 0.00
(—0.82) (—0.88) (—1.54)
—0.85 0.00 0.00
7 2.22 —0.49 0.00
(—0.82) (—0.88) (—1.50
—0.85 0.00 0.00
5 3.56 —1.47 0.89
(—0.82) (—0.88) (—1.54)
22.03 22.02 20.97
6 30 25.49 0
(21.31) (21.24) (20.00)
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Fig.2 Curves of effective damping ratio and frequency in

different damping matrices
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