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Strong ground motion simulation for the 2013
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(College of Earth Science , University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The near source strong ground motions of the 2013 My7. 0 Lushan,
China, earthquake were simulated using empirical Green’s function (EGF)
method. At first, we estimated the amount and location of strong motion gene-
ration areas (SMGAs) based on the characteristics of both slip distributions
from far-field seismic inversion and the envelopes of recorded acceleration from
the main shock, and determined the amount of subfaults on SMGASs referring to
the scaling law of asperity area wversus seismic moment introduced by Somerville
et al. Then, we implemented the genetic algorithm searching for the optimized
value of above two and other source parameters. Based on the source models,

we synthetized the waveforms for the 30 selected stations near the source
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region. The comparison of the synthetic waveforms with the observed records
indicated that they agreed very well with each other, especially for the part of
high-frequency larger than 1 Hz. We found that there were two obvious SMGAs
on the fault, which take the position that the asperities from far-field seismic
inversion take. The combined SMGAs we obtained were smaller than those pre-

dicted by extension of the scaling law by Somerville et al.

Key words: strong ground motion; Lushan Ms7.0 earthquake; empirical Green’s

function method; source parameter; waveform comparison
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(Boore, 1983; Motazedian, Atkinson, 2005); @ BHiE T, BRI B FE S H oy ILat, DU
PRI AR R B 5B A% O 19 77 3 (Eringens Suhubi, 1975; Aki, Richards, 1980). B4R A
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DN L S T TSR S S AR R B B A . A XX — ik s WFAE N B AT T IR AW AT I i LA
ek, o i F A . Kanamori(1979) 5 A BE 25 FUEE 5 fEFE R IE 5 Trikura(1983) AR 4f%
/N M T2 AR AR AR K /DN 52 118 2 UG A O B AT xof /N R EAT B TE . T a3 52 B K b 5R 1 R
RS AT . % kAR B T )12 B A (Joyner, Boore, 1986; % #1%, 1989; Dan
etal, 1990; JKAE, ZICUE, 20105 2B, 2015). A SCH X — 5 %F 2013 4F 2 1)
Ms7. 0 3 7% 1) 55 30 TS S g AT B 78y R ok R b 52 1 1 7% 2l T A IX ) TR AR
BTt v] FEAK 4.

1 ZWHRH R BEIRE
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S R RS AR AR R — ELARMER E. b T s IRGX —MET, Hartzell (1978) $2 1 T I H
R Hb 7% 5 A R SRAE O — b e B0 A% K R BOR B R R S vk, AR R . —AN/h
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SRy R U AR A 2 T P R bR bR B, 3 e sk R R R e B AR A i AR U A3 [R) B ) R A
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B H B 2 /N2 TR, T LA RIS AN T3 /N 72 0 538 AT DA R 7 J2 1 1 s R e o, B R
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AR REC, IR M R 7 A 1 b T AZ B AT pl O YR R B2 b ) R SR N A 4 Sy /N 7R AR 2
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T TTHE, XX — AR T Z 0 (Joyner, Boore, 1986; %' &1 0%, 1989; Dan
etal, 1990; AL, ZFCI, 20105 ZHRE4%, 2015).
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Fig. 1 Schematic diagram of empirical Green’s function method

(a) The parameters of empirical Green’s function method; (b) The correcting function F(¢), where ¢, is rising time
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FOLMLER T A [E IS8 /N 2H ) 4 BRI RE B2 R A AT T U b 3R Y SR AL . e Bk R A
A BR O S K 5 H SR (Dziewonski e al , 19815 Ekstrom et al , 2012) 25 H W A2 PR ML Ky - I
JEE 212°, i 42°, W Eh A 100°, W 21,9 km, HIFEAE 1. 02X 10" N +m, My6. 6
(GCMT, 2013); 3 [ b 57 14 25 Jy #5218 e o0 45 0 A B URAIL A0 8« BT J2 58 ) 198°, il £
33°, W 71°, W 12 km, HIREH 1. 0X10"° Nem, My6.6 (USGS, 2013); o[
Jr b BR W) BRI 5 0T Wiz 28 e L F R 4 4 th R R IR ML A T2 AE 1) 2207, AR 35°, W Bl
95°, VEPF 12 km, MBEH 1. 6X 10" Nem, My6.7 (FEMES ML, 2013). AR
25 R AR DR AL ) 25 R 38 B b T R YR A b RRAE . AR SO EE S E LA R AR, /)
WrZ5E 17 220°, f5iff 35°, WE3hff 95°—101°, JRE 12—13 km, H1IEHE (1. 4—1.6) X 10" Nem.
E RSB MRS TR = . Rl . Hrp F R0 5% 363 4, RE LG
3300 £ 5%, MBI ]y Ms2. 3—5. 4, A HuZ 0 S0 =43 1n) Ik B e 5%, SR AR
% 200 Hz.
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Table 1 Focal mechanisms and locations of the main shock and the aftershock used as EGF in this study
W KRR TE b R wE Ho el Wi W
e 1] H-A-H 2 53 /r /0 Jkmo Y /(Nem) /° /° /
Bl 2013-04-20 00:02 30. 22 103.12  21.9 6.6 1.02X10' 212 42 100
RE 2013-04-20 20:53 30. 28 103.31  30.3 4.8 2.15X10'6 177 42 74
W 51 E IR AR O A K i H .

2 WBHEWAEREL
Table 2 Locations of the 30 strong motion stations used in this study
Lk A PRy

GWRE WA R e e T FRE i

K/ e KM K/ e KM
051BXD 5l I 102. 8 30. 4 ReA 051LSF 7L kAL 102. 9 30.0 +)2
051BXM kR 102.7 30. 4 + )2 051MNA B H% 102. 2 28. 6 + 2
051BXY E N 102.9 30.5 +Z 051MNC %, T B 102.2 28.6 +2
051BXZ FEMRIA 102. 9 30.5 e 051IMNH & T Jp 102. 1 28.5 + 2
051CDZ JHB A 104. 1 30. 6 B 051MN] 5T M Ip 102.2 28.5 + )2
051DJZ H TS 103.6 31.0 12 051IMNL BTk 102. 2 28.3 + )2
051HYQ W 102. 6 29.6 +)2 05IMNT BT & 102.2 28.5 + )2
051HYT U HER) 4 103. 4 29.9 + 2 051IMNW BT 102.3 28.8 Tz
051HYW PG/ NEN 102.9 29.2 T2 051PJD VLK% 103. 4 30. 3 + )2
051HYY  WHEAK 102. 4 29. 6 + 2 051QLY T[S Uk 3y 45 103.3 30. 4 + 2
051KDT FREE Tl 102.0 30. 0 + 2 051TQL K4 W 102. 4 29.9 + 2
051LBH IR 103.8 28. 4 + 2 051XDM HiER 102.3 28. 4 Tz
051LDG WiEHS 102. 2 29.8 +Z 051YAD M2l 103.0 30.0 + 2
051L.DJ R JIRR 102.2 29.7 +Z 051YAL [ ZYay) 4 102. 8 29.9 +2
051LDL P E VR 102.2 29. 8 + 2 051YAM  Z1LIRH% 103. 1 30. 1 T2
H: 5 HEZORES G M AL,

AR L3 B, 2 A A Ak R0 T it S L % B R (2013) 2 th ) A AR R

TRALH A SE AL AR R, . A SRR BE ) — K Mw4. 8 RERAE N 2 B0 A% AR ok B/NAE . 32 5 A A 6 X



604 Hh 2 Eitd 37 &

b

102°E 108° L04° REMERSHOLER 1, 90 5 #5010
\ BUifE R R 2, FE. REMG NS
] 3 A5 W0 BT 2 B . ORAE L8 B G & o
H 30 A~ R 5 AP AS 6 0l (051LSL SR
W% = G F 05 IMCL ¥ 1 I JE ) 4 38 B
TE.RFZER, HEFXWHAGHME
AL SR M AR, B 3 45t 7 A
/ AR 0 SN BE R RR R o) g%
D AGSIHYT 1% (051BXD H1 051CDZ &), A1 LI T
T v S RO HAR AT S — AR B B S AT 42k
.. FIE . SR )5 B B (Kaiser) % 17 18 Ug I
aext il Sk HE AT UE P W A B ol
0.2—20 Hz.
2.2 HEESHEMGIT
POl R LA S BESE N R e
R B (TR S, 2013; 5k 5 4%,
il 2013; R PMLE, 2013) KA & GPS Bt 5
B2 B RBHAE U 46 T b R R A (A BE A, 2014) T

i 5 30 R TES AE  T J2% TR 1 R A B TR Hb R G W2 T 5
Fig. 2 Locations of the main shock (asterisk) F R4 (2013) [0 R E . E kR
and the aftershock (dot) used as empirical )
o o ) —1 n He
Green’s function (EGF) AT 2057, {38, 5; W7 22 ML 66 ke <
The triangles indicate the locations of strong ground 35 km. )i‘i,ﬁi’ gﬁ%:ﬁ VaNy JJ:E ﬁ'\i‘m}% ﬂg ii_ﬁ, ‘(‘:F $
motion stations used for simulation by EGF. The ,ﬁ: R %ﬁ]ﬁ»fﬂ%j@ 1.59 m, %ﬁ{%@%ﬁ)’f

rectangle near the hypocenter represents the

TE Y U AR BE AR A7 T I8 2 vp 3 7 72 IR
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SABUNMYTE S EE X (B 4a). 5K 5545 (2013) T 2B . EWTJR5E 1 2197, (M
337, W2 AL 60 km X 45 km. SO AL /R X e — AN DL o 32 HARA )1 R ik
AN A EE T A R RE . BeRIE BN 1.3 m, SRS Bl BT AE A9 Y R LA T 2
TR, S TR IR TE AL . TR AT R T L TR TR G R SR 5 — A B i B
B X (B 4b). B R 8 55 (2013) YW R BEAL . W7 )2 56 1) 2207, Wi ff 357, Wi J= MLKL
100 km > 45 km. S {8 45 5 5718 G Ui R i 58 B R i e 28 1) 3t 28 DR e R L R LA i 2
8 P, AR A B R S 2 140 km <30 km X3, fe KM s R 1.8 m, fEE
MR AR TT WA — NS 0.4 m ZE 4 XA do). 4B HG 25 (2014) 1 1B )= A58 7
e EWZGE R 2127, 5y 357547, Wr/EMUAL 60 km <39 km. FCiE 45 A R I Uk ML 7% LA
Wik oy A RN SR 11 me SRR Sl BT AE B M A TR R . B TR
DR AEALE 72 MY R [ R il o A 4 3 BN S R X (B 4d) . TRIig RIER A
w0t GPS 5t i s S S HLAE R4 S R A9 Ak R 7E B I O 07
U A ME— MR HoR RS0 11— 1. 8 m.
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Fig. 3 Acceleration time histories (upper) of the aftershock recorded by the station 051BXD (a) and

051CDZ (b) as well as their Fourier spectra (dashed lines) and noise spectra (solid lines) (lower)
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Fig. 4 Slip distributions on the fault for the Lushan earthquake

Figs. (a)—(c) give the teleseismic inversion results from Wang ez al (2013), Zhang et al (2013)

and Zhao et al (2013), respectively; and Fig. (d) gives the joint inversion result

of GPS and near filed strong motion from Jin et al (2014)
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Fig. 5 Acceleration time histories of the LLushan main shock recorded by the station 051LSF

The numbers are the recorded values of peak ground acceleration
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o, FRATTE ST A M R 5 b AR 1) A bR B O R AEATRIMEAG T, RS R A O AR Sk
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Table 3 The optimal parameters of determined model and their search scopes for genetic algorithm
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Fig. 6 Strong motion source model based on the inversion result from Wang et al (2013)

The star indicates the hypocenter of the main shock. The black and red rectangles
represent the SMGA1 and SMGAZ2, respectively
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Fig.8 Comparison of acceleration time histories (a) and Fourier spectra (b) between the observed

waveforms (black lines) and synthetic ones (gray lines) for the best model of different stations

The numbers in acceleration time histories indicate the values of peak ground acceleration
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