F35E 11
20134F

s T B %
1] i

SO
Chinese Journal of Geotechnical Engineering

Vol. 35 No. 11
Nov.

ETEE K E

2013

(1.

|
= S B0 3 th B 5L #% 4 — T A B
X @, miE
[FIF R RS TRER, LI 200092; 2. [IGFR2EAE T N TREBE W E ALK, L 200092)
W B RAHET/PBS 2 1m) i )3 B B 25 8 T, A NGA B0 e K ) | E sl SR 2 T 196
M ki 2B Hds ;. 55T Newmark AERI SR, 2 18 4 AR 41T
NE T 3 I 2 ko R Bh R S M FE A A

T (k) e 9186 B4R F (T 1A R O M RR AL RS, W EE T T IR A A8 5 1 R ik bt e Sh 28 I AR SRt
T
JEE RNk b M RE SN S DRI RL RS R, 10 T U A BT 2 A ok b R 30 5 S 3 S 7 (2% i 5/ 5

%

T TSR Pk R B A T AN ] 5

GO, AR WEAT IO A B PRSI T T

e )5 R R AL A% 5 Hd B kbR VS DA G, MR8 5 i LDk M R B SR (AL . PGV)AH G it
K HT 1.5 A 12088 8 FRSUT0T 2 PR I 2 S5 2 15 (S (1.5 T ) A PGV 43 sl AR 5 Jok b 5 ) 14 43
RENS LR T S I Bk it R 5l o) I e e A7 A% 1)

AR TR, %5

=

=t

2% RS Wt 2 R 7R 3 R Mok e
KGRI Y W EHGES) EE Nl MR T
FESES: TU4ST

EZ BN

T TR 2 5 ik ol
Wi s ST T IR T ISRk
| Ir: K

2

iz
kiR A
(1988

R SO BE K MR
Wi (1 20 38 1t o 7 MR %
B )’ % ’
songjian1988@gmail.com.

YR MRS ZH(PGV, S,(1.5T)H)
42 Wi > Q%%/

AT T RAL
XERS:

1000 - 4548(2013)11 - 2009 - 09
RO M, WA, EEMNE LA B R TRV . E-mail

23
Empirical predictive model for seismic displacement of slopes under
velocity pulse-like ground motions

SONG Jian"? GAO Guang-yun *
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092, China)

Abstract: Based on the procedure to identify the velocity pulse for multi-component ground motions, 196 ground motions from
S.

NGA database and Wenchuan Earthquake are selected as pulse-like ground motions. The newmark decoupled model

considering the nonlinear properties of soils is used to calculate the seismic displacement of slopes with different parameters (%,
T;) subjected to near-fault pulse-like ground motions, and the efficiency of different pulse-like ground motion parameters for
predicting the displacement is also investigated. A seismic displacement model for the slopes under near-fault pulse-like ground
motions is developed. The results indicate that the existing empirical models for seismic displacement of slopes significantly
underestimate the displacement value induced by near-fault pulse-like ground motions, while they can be used to predict the
seismic displacement caused by near-fault non-pulse ground motions. A close relationship between the seismic displacement
s

and the velocity pulse characteristics for the pulse-like ground motions is shown, and the peak ground velocity (PGV) is the

of near-fault pulse-like characteristics

most efficient parameter in terms of the seismic displacement. The spectral acceleration at a degrade period equals to 1.57;
respectively. Thus, an empirical predictive model for seismic displacements is developed using the vector intensity measures of

(S4(1.57;)) and PGV can represent the frequency content and velocity pulse characteristics of the pulse-like ground motions

0 3
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S.(1.57;) and PGV, which can be used in probabilistic seismic hazard analysis for the seismic displacement including the effects
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Fig. 1 Distribution of pulse-like ground motions in terms of

magnitude and closest distance
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Table 1 Pulse-like records from NGA database and Wenchuan Earthquake

HiE g HFE AR RIEAEAR R My W7 A+ Jikihid s 4 5
1 San Fernando 1971 6.6 R 1
2 Tabas, Iran 1978 7.4 R 1
3 Coyote Lake 1979 5.7 SS 4
4 Imperial Valley-06 1979 6.5 SS 16
5 Imperial Valley-07 1979 5.0 SS 1
6 Mammoth Lakes-06 1980 5.9 SS 1
7 Irpinia, Italy-01 1980 6.9 N 2
8 Westmorland 1981 5.9 SS 2
9 Coalinga-02 1983 5.1 R 2
10 Coalinga-05 1983 5.8 R 1
11 Coalinga-07 1983 5.2 R 1
12 Morgan Hill 1984 6.2 SS 2
13 Taiwan SMART1(40) 1986 6.3 R 28
14 N. Palm Springs 1986 6.1 OB 1
15 San Salvador 1986 5.8 SS 2
16 Whittier Narrows-01 1987 6.0 OB 7
17 Superstition Hills-02 1987 6.5 SS 3
18 Loma Prieta 1989 6.9 OB 12
19 Erzican, Turkey 1992 6.7 SS 1

20 Cape Mendocino 1992 7.0 R 4
21 Landers 1992 7.3 SS 3
22 Northridge-01 1994 6.7 R 17
23 Kobe, Japan 1995 6.9 SS 5
24 Kocaeli, Turkey 1999 7.5 SS 4
25 Chi-Chi, Taiwan 1999 7.6 R 53
26 Chi-Chi, Taiwan-03 1999 6.2 R 5
27 Chi-Chi, Taiwan-04 1999 6.2 SS 1
28 Chi-Chi, Taiwan-06 1999 6.3 R 3
29 Duzce, Turkey 1999 7.1 SS 4
30 Yountville 2000 5.0 SS 1
31 Denali, Alaska 2002 7.9 SS 1
32 Wenchuan 2008 7.9 R 7
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Fig. 2 Time-histories of seismic displacement for slopes with different values of yield acceleration and initial fundamental period subjected

to 32 near-fault pulse-like ground motions and 32 near-fault non-pulse-like ground motions
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Fig. 4 Relative efficiency of different intensity parameters of pulse-like ground motions for predicting seismic displacement using Eq. (8)
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Table 2 Regression parameters for predictive model

*ﬁﬂ T o Ototal RZ
X7 0.208 0.594 0.629 0.852
X(8) 0.206 0.449 0.494 0.907
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Ap(d) = j*D, pulse (d)+ /’LD, non-pulse (d)
= HP(D >d|IM,, IM,, pulse)- P(pulse)- P(IM,, IM,)+
HP(D >d|IM,, IM,, nopulse)-[1— P(pulse)]- P(IM,, IM,)
)
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IM, 51EHEN AR d R, 2Rk
P(D>d)=[1-P(D=0)]P(D>d|D>0),
P(D>d|D>0)=1-P(D<d|D>0)=

1nd—1n,ud)

1-a( (10)
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Fig.7 Residuals of Eq. (7) plotted versus magnitude, closest distance, yield acceleration and initial fundamental period
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