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Fig.1 Monitoring sites in Shimian county, Sichuan province, China

1 ~10 V, R 0.00512 s, A5G H =10 dB,

o [ b AR 5 I ,2019 4F 6 J1 17 H 22 B} 55
s N EEEN KT EKE M6.0 MR, =
P8 K7 BOSCR BB, U1 R AR E RS
HA W RER, A6 ] 17 5 LIod,3 4b Wi i dag
SEE] 6.0 G EFRN 5.4 G R S AL WA 8 o
1.2 iR = it S 3 e R 4 A

6. 17 77 Hiy 5% 752 rf U] B 2 A A L B 2
267 km ([ 2) . b 7R P AEAL B B 25 K A ATl B
A R 6.0 REFEMS. 4 BARE LR
I e SR B Y b R HCHE AT IGGE 30 Hz & P A0
W IE AR B , A4 W I 055 1 b 7% 0 g o, 0N 3% 2
3 R 5 45 A W 5 A = 43 1 R O e AR il R 4
F4 K5 PR,

MG 2.3 3 B ol A, AHEL T M5, 4 R
L M6, 0 G R b W A LA 3 = AN W
Jon S H AT T R0, AF 8 g R A R AR ), UL R34
SRR EW [ W (A0 B RE ROK B o W BRI AE LA
Qb ) 245 I BOR 3.4 A% 53 AN DN gL UD ] 04 L
Jor S R 80 R /0N e R R B Sy () AE XS A L
Ey 15 2# W R, R R R 0,59 gal, 7E M(6.0
e ERE R W A5 A0 SR B (G 3 T 1 04 i 0 o 4
T M54 G iR B ic ik B i) (8 in 2, 3t 136 B
7[R S =T I (R B R /INER R TR
4555 KN

By LI 07 58 BE 1969 4E 4 Arias $2 )5, {8 4
AT =W IRRZ R = 1 K/, Wik kRS
B, — i 80 B S OB, IR W A O, A A7 1) 4 g



5 6 34

HIEKT Mg6. 0 =R 3l Jy i B R IE

945
x1 BUSFREMERBEYE
Tab. 1 Properties of each monitoring site
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1# 1150 265 1 A B Ak A (IERE) 29.231306°N,102.369106°E
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Fig.2 Location of earthquake monitoring sites and epicenter, China
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Tab.2 Parameters of seismic responses of M¢6.0 earthquake at each monitoring site
W) VA i 38 12/ gal W] L7 3 38R/ (om + s ™) FHi/Ha
i EW SN uDb EW SN UDb EW SN uDb
1# 1.22 2.94 2.23 0.36 1.22 0.89 0.98 1.94 1.02
24 2.13 3.64 2.35 0.55 1.80 0.81 3.16 3.20 3.16
34 7.42 10.18 2.94 15.09 13.26 2.75 1.26 1.01 2.61
il gal =1 em/s%.
F3 MSAZMERENAMEINLESH
Tab.3 Parameters of seismic responses to M5.4 earthquake at each monitoring site
o W 0 /gl B S S/ (em - s ) £
i EW SN UuD EW SN UD EW SN uD
1# 0.99 1.51 0.85 0.36 0.29 0.29 1.21 2.18 0.93
24 1.31 1.65 1.40 0.50 0.55 0.35 1.85 2.33 3.87
3# 4.38 3.20 1.71 4.58 1.72 0.43 1.20 1.18 2.83

el gal=1 cm/s>.
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Tab.4 Monitoring graph of the M 6.0 earthquake at each monitoring site
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Tab.5 Monitoring graph of the My5.4 earthquake at each monitoring site
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Tab.6 Fourier spectrum of M¢6.0 earthquake of each monitoring site
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Tab.7  Fourier spectrum of M¢5.4 earthquake of each monitoring site
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Tab.8 Acceleration response spectrum of M¢6.0 earthquake
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Tab.9 Predominant period in three directions at each monitoring site Tab. 10 Land classification criteria GB50011 —2010
W HEAE A/ s it
. 10 Il 12 13 14
s AP LEAD T 1] sl
1# 0.26 0.26 0.25 g 0.20 0.25 0.35 0.45 0.65
24 0.26 0.26 0.28 | 0.25 0.30 0.40 0.55 0.70
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Tab. 11  Amplification factors of PGA (2#/1#)
WA L 3 52 R AR
R4
PN LE4 TH
M¢6.0 1.74 1.23 1.05
M¢5.4 1.32 1.09 1.64

x12 MEBIHREEMRAREE(24/14)
Tab. 12 Amplification factors of Arias intensity (2#/1#)

EREY) NS
VL) midk TH
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Tab. 13 Amplification factors of PGA (3#/2#)

W (0 i K R
R
P #ilt i
M¢6.0 3.48 2.80 1.25
M¢5.4 3.34 1.94 1.22

® 14 MEBEIHEEMRKRER(34/24)

Tab. 14  Amplification factors of Arias intensity (3#/2#)

A B L 738 K R

] 2[4 TEH
M.6.0 27.44 7.37 3.40
M5. 4 9.16 3.13 1.23




952 TR

V2,

L

il 37 %

3 o X A R L T YT R A A R R U 5 T
ICSEF Y Mg6. 0 2% T 52 Ml MJS. 4 904 7% Bl 47
BB S HIT L 455 Y iR B0 X6 = A4 W 0 A5 1% 06 i
T 5 ] LT T A R AT PR R EL, BT AT A5 E An
T 45

(1) 72 G0 4 68 R /N PR T[] — Mg ) e o
3 EE BT LI S0 i R A RN BV TE A DR R R

(2) 7 5 )2 5 M A8 7KOF 1) % 1 72 U8 g o HL A 38
Sy WY S8 ) AR A A 5 7 R g A ek R TG A T
T ) AS B

(3) 1 5 )2 b H 7K SF- 1] R AE JE i K T35 5
M, 347 5 2 b o LR AR i

(4) 1L 0 0T b 7% B A ) b B s R kN, 2%
ﬂﬁMﬁﬁ%ﬂ%ﬁWﬁMﬁﬁﬁmiﬂ%ﬁﬁm
R o 2# WIS B IR K HEAR R T, XA
Eﬁiﬂ$EMﬁﬁm€mawnmﬁ%

(5) B w2 HxE 3 43tk B e R o ek 85 5 ]
S 0 56 J3E AR A R R, J 2 ol By B SIV H0 5 B 1

TRCR A0 Fi Ay .3 WORAG Rl % T 3% 3 ~ 9 Ao B
JE ORI AE K - 1] | 220 58 T 3 1] . MR
Hb 2 RR S ATk A b b 2 BE N R A, b AR BOR AL
JS7 A

(6) M7= 2l i oz M0 AL FL A AR 38 1 7 [l P 3

ORI R 58 4 — B, JUHR AR K CF 1) A 2

L 1) F W O ML 22 S B o W o o A 45 R SR WK
) 3R 80 I A ik - A T[] o
5 % 3Lk ( References)

(1] BOKAL, £z . SO AR S 1 b AR 30 3l 1 i J% Tl oK 280
[J]. 1l #b 2%~ $iz, 2013, 31 (2):200 - 210. [ LUO Yonghong,
WANG Yunsheng.

Terrain amplification effect of mountain slope

vibration induced by Wenchuan earthquake [J]. Mountain
Research, 2013, 31(2) : 200 -210]
(2] BREL. MRt AT AR B LR BT ST [ D . B8 - A

T K 2%,2011. [ LUO Yonghong. Study on Response Law of

complex slope under earthquake action [ D]. Chengdu: Chengdu

University of Technology, 2011:190 —192. ]

—
w
—

CELEBI M. Topography and geologic amplification determined from
strong-motion and after shock records of 3 March 1985 Chile
earthquake [ J].
1147 - 1107.

Bulletin of the Seismological of America. 1987 ,77 ;

[4] HARTZELL S H, CARVER D L, KING K W.

Initial investigation
of site and topography effects at Robinwood ridge, California [J].
Bull. Seis. Soc. Am. 1984 841366 — 1349,

AP W, TR AT X R S Mt (1], 5+ T

%, 2017,39 (3):460 - 468. [ LI Xiaobo, BO Jingshan,

—
W
[

WANG Xin. Study on the influence of bedrock topography on ground
motion [ J].
460 - 468 ]
B, TR, g/ WL AR AR 3 7R B TR 28R
[J]. &A1 )12 5 TR 4440, 2017, 36 (3) - 587 - 598.
Dong, QIAO Jianping, ZHANG Xiaogang. Experimental study on

Journal of Geotechnical Engineering, 2017, 39(3):
[6] iR 56 BF 5%
[ HUANG

topographic effect of seismic ground motion on accumulative slope
[J]. Journal of Rock Mechanics and Engineering, 2017,36 (3) :
587 -598]

VIR, 25 R SO M 7R 5 R T 3 T 1l A S [0 ] I R 2
EHC LR R 22 ), 2010,42 (S1):7 - 14, [ XU Qiang, LI
Weile.

[7

[

Directional effects of landslides induced by Wenchuan

earthquake [J]. Journal of Sichuan University ( Engineering
Science Edition) , 2010, 42(S1) . 7 - 14
B A DO R M 5T O E R RN 4 T[] R T 4

2011,19(2) :145 —151. [ HUANG Runqiu. Post-earthquake effect

[8

[

analysis of Wenchuan earthquake geological hazard [ J]. Journal of
Engineering Geology, 2011,19(2) ; 145 - 151 ]

WM, Tz R B VAR R R T S b R Bl 75w Ok R
FELJ]. 1l M 2% 4R, 2017,35 (3):332 - 339. [ LEI Qingxiong,

WANG Yunsheng, HE Jianxian.

(9]

Analysis on failure process and

seismic response of Ela village landslide in Tibet [J]. Mountain

2017, 35(3) : 332 -339]

[10] #BA=3C A EEAL, F0 3E A8 31 3 3y g me B AL AR BIF 58 [0 ]
2 E # . 4 R FF 22,2003 (S1) .28 - 40. [ QI Shengwen,

SUN  Jinzhong.

Research
i il
WU
Faquan, Study on the law of slope dynamic
response [ J]. Chinese Science E: Technical Science, 2003 (S1) :
28 -40]

XA, V758, 5 B0 b 5% 30 2 BOxd 5 J5E 30 73 il oz L 1
Wszm[J]. MR TR S TR MR 3 ,2012,32(2) .41 —-47. [LIU
Hanxiang, XU Qiang, FAN Xuanmei.

[11]

The influence of ground
motion parameters on the dynamic response of slope acceleration
[J].
(2): 41 -47]

JEI DGl B it KU . 4t T St A ot 7 90 5 K S0 7 (A 4L
W5 T]. TR b BT 2% 41,2014 ,22 (6) : 1211 - 1220. [ ZHOU

Seismic Engineering and Engineering Vibration, 2012, 32

[12

[

Xingtao, HAN Jinliang, SHI Fenggen. Study on numerical
simulation of seismic wave amplification by topography and
geomorphology [J]. Journal of Engineering Geology, 2014, 22
(6): 1211 -1220]

XUHE, fE B, A &I P A% 1R X B b A2 3l R AE Y R R
[J]. 552 TR ,2012,28(4) .80 - 88. [LIU Qi, LU Yuxia,
LI Qian.

The influence of complex topographic conditions on the

characteristics of strong ground motion [J]. World Seismic



5 6 1]

HIEKT Mg6. 0 =R 3l Jy i B R IE

953

(14

[

[15]

[16

—

[17]

[18]

Engineering, 2012, 28(4) : 80 — 88 |
PSS, BB, B OK AL BT Ms6. 3 2t R R 4t 7= 2l 0 R
W Ay Hr [T TOFR Hb 5 2% 4R, 2015,23 (3) :383 - 393. [ HE
Jianxian, WANG Yunsheng, LUO Yonghong, Kangding M6. 3
earthquake slope seismic response monitoring analysis [ J]. Journal
of Engineering Geology, 2015, 23(3) . 383 -393 ]

Fad A BEE, W KA. BEE M5, 8 YRR A AT S B AR 4 b
Sl We AR AE [ ] TH 5258 K o 4 4, 2015,50 (5) - 838 -
844. [ WANG Yunsheng, HE Jianxian, LUO Yonghong, Seismic
responses of Lengzhuguan slope during Kanding M¢5. 8 earthquake
[J]. Journal of Southwest Jiaotong University, 2015, 50 (5):
838 — 844 ]

FIB A XITLAR, B D) BEE M_s 5.4 %3 5% R 3k 3t 7% 5 i
PLRFAE[T]. Hb BR B 2 5 36 58 2 i, 2019,41 (5) : 613 - 622.
[ WANG Yunsheng, LIU Jiangwei, ZHAO Bo, Response
Characteristics of slope seismic to Gongxian M¢5. 4 earthquake in
Sichuan, China [J]. Journal of Earth Sciences and Environment,
2019, 41(5): 613 -622]

WG He, B R AL, Fia . BT PRIE R A % Ml 7 80 X R 3l 7R
)R O 45 AL 43 AT —— LA A A S 0 [T 1l 2 R,
2019,37(3) :382 -391. [OU Jianfeng, LUO Yonghong, WANG
Yunsheng. Analysis of slope dynamic inferred from ambient noise
and seismic data: the case of Renjia slope Lushan County,
Sichuan, China [J].
391]

FIB A N, B KL I I Mg7. 0 203t 7% 1 b 5T B0 58 5%
W gy 1. M BRBE 2 5 3 4 % 4R, 2013, 35 (2) : 92 - 98.
[ WANG Yunsheng, QUAN Qing, LUO Yonghong.

Mountain Research, 2019, 37 (3) . 382 -

Geological

Environmental impact analysis of Lushan My7.0 earthquake [J].

—
—_
A=

._.

[20]

[21]

Journal of Geosciences and Environment, 2013, 35(2): 92 - 98]
PRED, AR 5%, R A& WA AR &7 - 47 R 418 R 4 TP AL
B 55 3 20 23 7 (1] v [ 3 BT 3 45 B 36 2% 4, 2016,27
(3):42 -46,65. [ CHEN Zeshuo, DENG Ronggui, SONG Zhi.
Formation mechanism of debris flow and impact analysis of river
blockage in Zhuzhagou on July 4, Shimian County, Sichuan [J].
Chinese Journal of Geological Disasters and Prevention, 2016, 27
(3):42 -46,65]

PR, RAER R IRE—— R 8 6.6 Yt RN E X
2 TR I K = e IR A Sy [T R LR R L2018,
40(6):1191 —=1197. [ LI Lu, WU Zhijian, LI Ruikuan, Minxian-
Zhangxian M6. 6 earthquake epicenter site coverage thickness
detection and three-dimensional topographic model establishment
[J]. Journal of Seismic Engineering, 2018,40(6) : 1191 —1197]
SR TN L ALK U 3t 7R B S 0K B il R R AR R 10 D RE K
R SR B AE [T] . LR TR %4 ,2019,52(6) :35 -
44,54. [ WU Zhongtie, FAN Pingping, DU Yongfeng. Research
and experimental verification of the influence of seismic wave
parameters on the seismic absorption effect of base isolation system

[J]. Journal of Civil Engineering, 2019, 52(6) : 35 —-44,54 ]

[22] HUGO M J. Modeling subduction earthquake sources in the

[23]

central-western region of Colombia using waveform inversion of
body waves [ J]. Journal of Geodynamics,2018,116 (13) .47 —
61.

TRIC, XN, FiB A M AR T 340 3k B R R i A 19 Bl g R AE
[J]. b2 4% ,2016,34(6) ;732 - 740. [ ZHANG Wen, LIU
Yong, WANG Yunsheng. Analysis of dynamic characteristics of

slope and unfavorable geological body under earthquake [J].

Mountain Research, 2016, 34(6) : 732 —740 ]

Characteristics of Seismic Response of the 6. 0-Magnitude Earthquake,
Changing county of Yibin in Southwest China’s Sichuan province

JIN Gang'®, WANG Yunsheng'”" ,SHI Bingxin®,LUO Yue'",MING Weiting"*

(1. a. College of Environment and Civil Engineering ;b. State Key Laboratory of Geo-Hazard Prevention and Geo-Environment Protection ,

Chengdu University of Technology Chengdu 610000, China;2. Seismological Bureau of Sichuan Province ,Chengdu 610000, China)

Abstract : Following main and aftershocks of strong earthquakes, mountainous regions are susceptible to geohazards
i. e., landslides. Despite persistent efforts to be made in understanding mechanisms of such geohazards through
physical and numerical modeling, further efforts still need to investigate the site amplification effects of hillslopes
through seismic monitoring. For example, the 2019 Changning earthquake occurred in Changning county of Yibin,
Sichuan province, China, with a magnitude of M 6.0 and followed by many aftershocks of <M 5.4. These events

were well recorded in three earthquake monitoring stations located on both bank sides of the Nanya river. To
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understand the mechanism and response of hillslopes to the main and aftershocks, in this study, detailed analyses of
the recorded seismic data had been conducted and confirmed following observations: (1) The earthquake
magnitude was positively correlated with magnitude of peak ground acceleration and Arias intensity at the same site;
(2) Along the horizontal directions, while confronting seismic wave energy, the soil layer had a more obvious low-
frequency amplification and high-frequency attenuation effect compared to direction; (3 ) The horizontal
predominant period of soil site was much longer than that of rock site; (4) The ridge had an apparent amplification
effect during the earthquake, which reflected as the amplification of the horizontal peak ground acceleration and
Arias intensity; (5) The soil site had an amplification effect on both the peak ground acceleration and Arias
intensity of three components, especially on the latter ( Arias intensity) , with amplification effect much stronger in
horizontal directions; (6 ) The seismic response to mountain hillslopes had a strong directivity, and the
amplification effect in the horizontal directions was much stronger than that of the vertical directions. It is believed
that the findings of this study would serve as a reference to draw seismic risk assessment in high mountainous areas

in northwest Sichuan province.

Key words: Changning Earthquake ; Co-earthquake Geological Disasters ; Amplification Effect



