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Abstract: Under seismic loads, some phenomena will occur in free field, including lateral deformation of
soil and ground response amplification. When evaluating the seismic response of free field, it is the highly
nonlinear characteristics of soil that significantly influences the results obtained when utilizing differing
damping ratio and shear modulus values and is one of the reasons that experimental results and calculated
results can largely differ. Currently, the Rayleigh damping method is most commonly used for site
seismic dynamic response analysis. Based on a simplified version of this method, this study analyzes the
influence of different values of soil damping ratio and control frequency on calculated results. Using the
finite element platform OpenSees, we have adopted the PDMY constitutive model fitted for soil dynamic
analysis and established a one-dimensional shear beam model to simulate the three-dimensional free field.
Compared with centrifuge model test results, this study analyzed the effects of the Rayleigh damping on
the site response and lateral deformation of free field. In the case of Nevada dry sand (relative density
60%) , there is good agreement between the calculated results and the test results when the damping

ratio and control frequency ratio are set as 4% and 5%, respectively. Our comprehensive analysis
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suggests that special attention should be paid to value selection of Rayleigh damping in the time domain

calculations of site nonlinear response.

Key words: seismic response; lateral deformation; damping ratio; Rayleigh damping coefficient;

centrifuge test; OpenSees
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Fig.2 Acceleration time-histories of two seismic waves
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Fig.3 The calculation model and parameters

% 1 Nevada B S #

Table 1 Parameters of Nevada sand
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Fig.4 Comparison between calculated and experimental values with different damping ratio (7 =5,Loma Prieta)
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Kl 5 Ca) s SR 1) d5e R A2 RS AR AR R ] 4 Cad L
B, H BRG] o 8RR — R AL IE

AR RS IS A I R, B SO XS T » {H AL X
H R B WA B e B TR — R AL B (B R



914 o=

=

T B ¥ iR

2016 4

- A B A 3 R KR R (A B R

] 5 (e 2 B 45 i 4% b B K T30 R 550 7 s B
. EERICREE n U35 17 X I A i 5 s {0 i ok
JE R RAB RO 0 1.09.1.18 H1 1,29, F I #H] 1
n B, HLE S B b8 v AR AR AR BELJE 59 48 55
K DUt 5 0% T 5 B k2 v ) T 3 9 AR X 40 1Y
10 A K b 7 R R R X 1 b R i
L

P 5 Cd) v, TRl RE R T 4 030 LG A S B a3 v
Xf T BEJE 52 ma AE FH . n (B 3.5 A 7, B HLSIE B 5

JE R A4y B R 7.68.7.14 F1 6.61 m/s. 5 3% W
N, B 5 Ce) v, b 2 0 B RN 3% AE 0.2 ~
0.5 s PN, Bl n B35 TR 50 Bk Bk ) 4

Bl 5 2i A R, 580 AL SO E AH L, e
W =A% 5T AR n B 5 B0 25 5L AR
Xt 4 R K A . EL S5 BEL R R R R AR B AR L
1) 52 T A X 32708
43 BB THIHELERS W

&l 6 F/RTE Kobe AEH T, BHLJE I & B 4%,
IR R A n B 5 B+ 24T A5 BT .

0 0
21 2 |
41 41
6l 61
81 8|
10 [ 10 |
E 120 E 12|
el RT3 I
18] 18 |
20 20
2t —— R 2 ——
2 | © —a- i3 2t T 2 e iRB
26 | ! . ! | 26 L L L . 26 . . X X
-03-02-0.1 0 01 02 03 05 07 09 1.1 13 15 2 4 6 $ 10 12 14
T KK /m KB BT /% MBI B /(s 2)
(a) AR PAL (b) T KBI R (c) W fE I &
18 3.5
;; 15 F 3.0
Ent 5 25
% o é\ 20
= m 13
5 6 2 g
E ;) T = 05
I :
0 . L . . L . . 0
0 5 10 15 20 25 30 35 40 0 2 4 6 8
i) /s JA /s

(d) HtaRln] B Y iy 55 2

(e) HuZR I i S B (B2 L5 %)

BA6 tHAMAE KBTI (E=4%.n=5,Kobe %)

Fig.6 Comparison between calculated and experimental values (§=4% ,n=5,Kobe)
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