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Rapid Rupture Direction Estimation of
Kangding Earthquake Using Strong-Motion Recordings

WANG Hongwei, WEN Ruizhi, REN Yefet, SONG Jindong
(Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China)

Abstract; An M6.3 earthquake hit the Kangding County, Sichuan Province on November 22, 2014.
Three days later, an M(5. 8 aftershock occurred. The source rupture properties of two earthquakes were
analyzed and the method for rapidly estimating the source rupture direction was investigated using
strong-motion recordings. The grid-search technique was used to seek the optimal source rupture
parameters , including the predominant rupture direction and the rupture velocity, which can satisfy the
minimum fitting error between the predicted peak ground-motion parameters and the observed ones
corrected by the directivity coefficient. The results indicate owing to lack of the strong-motion stations
in the northwest of the M 6. 3 earthquake epicenter, the non-uniform spatial distribution of the strong-
motion recordings results in the bad estimation of the rupture direction. With strong-motion recordings
from temporary strong-motion stations, the rupture parameters for the MJ5. 8 earthquake were well
estimated. The MJ5. 8 earthquake predominantly ruptured in the N320°E direction, accounting for
70% - 90% of the total rupture, which is consistent with the fault trend and the aftershock
distribution. The rupture velocity of the M(5. 8 earthquake is approximately 2.5 —2.8 km/s.

Key words; Kangding earthquake ; strong-motion recording; source rupture direction ; rupture velocity

W im B HE. 2015-04-05

EELTE . WA I AHIFE TV (201508005) 5 ML T4 RIS VBT H (1.02015022)

EEE . F2MH(1990—) 55 W-EAF A AR5 5 1] o AR b A% 5 s bt R sl et , L9 - 15104542902, E-mail ; whw1990413@ 163. com

SR R (1968—) , 90 BFIC B 11tk S BP0y iy T MU S MR S R BFY | E-mail: raizhi@ fem. ac. en

SIS s T R FEIT L . TR AR I M 2 MR M AR B 7 P B (0], P K 4, 201651 (6) -
1138-1146.



% 6 HA

IR, F R TR Rk o R I R R T AR 1139

Hiu = 1) 7 WA 2R 7 22 5 Wi 5 () M = B Y
Ay 38 TR PR BT 5 i b = S R B 2 v T
LT Rt AR T A R I AR R T
R EPOR T35 1N W 8775 2 N ) D E a1
1992 4F My 7.3 4% Landers 152" 1999 4EM,,7.7 %%
SRR MRS R 2 DR T R IR R R
[ %) AR ZURE PRE ™ R E R IEAL R 5 2R
REH R A MY HERE L2008 45 J] 12 H
M8. 0 U H g2 f7s 1 7% YR 24 T In] i) P 3 )
WX el 7 T A B A T, T [ b= = PR A
DAL 1 AL A1 7 A G )T 0 )1 B 30 ) A3 IR
PRI, 4 25 I RE PR 4 i RR AN 2y ), U ) B 5
P73 e AR b TR T T5 BE A R ) AR R

HHETEOUT , AT DU 16 sh i 28 s 5= 55
FERHE B PSS A RFE A B A
B SRR Ry 1o, B2 R o SR R I [R] , TG
TR R PR 25 A5 . H R A2 A =
POE GORLEICE 45 G ) 12 50405 0 10T 37 508 e 1 58
By, SO b R R IR A A B R R T SR Y T TR
W TR R ) R PR S X R/ N R 1Y
P 5 —T5 W B AR B2 2%, HL T A28
HOFA T3 0 R IR AE 22 i 1, T B i
FE = DR A RBERTT 11a) I 40 Uiy G522 ey e 2 R T B R
A S bR .

BEE = SN 1 K ) S, 3t 75 1 Bl P 455
MO IX A SR SN 65 1 %85 B B T4 vy, 7 — 28 )
MR LT DA AR AR R R R A2 B sk, I R
WFFE /N R AR IR BT [l P, JEHE 2011 4E 5
11 H My5.2 9% Lorca( PHHEA R g ) MR Z ),
N FREIEAZAFT 7 1Y Lorca M 3R % 1™ , X 51 4
T MR TR AR SO0 v N R R R T ) M 1Y iR
FUSeE . SRR M L, 3T R AR ST SR
TR = IR R R A OC Y A S, Hartzell
SERYBIFTE 2 B I 37 9 52 S B A7 B TR R 2 Ty
] 1 0 72! . Boatwright 1 Boore f5z 4. Fi] FH 5 M 52
SHBHOT I /I 72 72 IR SR 7 1A f AF
T 2R bR oK B0 A FR T VR ARAS 4 J7 (2 A AH G
R T P 8] o 80 SR FH 98 52 3l 10 7 1 o o R A 2R
i G 7737 o R AR D SRS 5 )
P, BT ] P BRI % 1 78 Bl 45 (8] 29 A Y 5%
i ek A B 2 ) S SR 58 R 3 s I 75 T S 1
S8 e 1

Boatwright $i¢ t} 1 — 7 F 53 5% 10 5% PR A 5 v

/NHL AR R IR B R T 1] /Y B 7 1%, Seekins FI
Boatwright , Convertito 2% } Convertito /I Emolo! 0"
SEHET IR T2 R LR R R 1%
Jr AT EEVE 12009 4 M 6. 3 90 KR h s
iR B AR AR = I M X LR N RR 5.
R SEA SR B 2 TR B R IR A S B (FR R
W BTy 1) W R ) AR L o 1Y O [l M R AR
Cy VR 53 % 2y WA {EDULIN (T (WA {7 1 T o 38 B PGA
BRI (ELH AT RE PGV) | {8 1 8 )5 i) O8I0 5 2 0
KR T Z 8] (1) 5% 22 R B e/ N 205 e [ B b
FIRIESE 5 W AR R85/, 6 L P i TG 3k T T ) AE 5
.

2014 4F 11 7 22 HFI25 H &4 F )14 HH&
JECHE FLIA N BEE B Ms6. 3 I M5, 8 g,
T E B o A= SOOI Y 28 SR T — AR Il 5%, N
I FH SR R0 S PR HU R A 7R R 2R 2 BOR SC 9 4
7RG AL A SCLA X IR M R Dy ], KR T
Boatwright #2 i (9 73" A4 111 e 3 5% 11 7% U
BTy T PERAONE , RF 1 A PR ] 5 5% 5l 15 o0 WL
FIRY 558 b 52 2 A DR A 7 R DU 2R 1 ) T A 1
A TRy BRE.

1 REMRESREEILR

2014 4E 11 A 22 H 16 i 55 43 P01 4 H 7k
A G I e E B e M6, 3 Gt e, s YR IR
18 km, G2 P i THE A £ VL LA (B4 30.26°, /R
2£101.69°).3 d J5,11 F 25 H 23 i 19 4%, fE )
PR R /R B R 2 10 km 4R (B 30. 18°, K
28 101.73°) FRRORE MGS. 8 Judie , e IR IR IE 2
16 km. X PHUCHIFE 1 & A T A0 Tk 1Y) K
W7 L7 PR %8 1 2 2 [A] ) 5 B W7 R |, Global
CMT Project ( www. globalemt. org/ CMTsearch. html)
PR 2 ) CMT B2 AL A 2 B PR b 5= 28 7
HEL, 1.

MRS [ 5 0k 52 3l 6 9 0 A A R (UL
2014 812 A1 H) ,HEE M6. 3 FHiZH M5.8 2%
MR & AT ARAT 54 4R 33 21 =43 H B i
L, MIUCHI AR T i & 5 R 15 0 0 A TR
PAZR (5 uliAH XS 52 7 (2 30° ~ 180N ) , 5%
HP— Ty ) A AR R ik, DL T

MR RTE MS. 8 HMbm kB )a, 445 W
UHLRR 1Y 52 35 W A 45 R A T R AU 1 (K
B, B fem R A VI, SRR K Ak - 5
PG —r AL [, A LA T ZURE VI 2 DL B XA 1Y



1140 B odh X @ ok ¥ F R %51 &
HUHEIRZ. A P 5] M6, 3 R B SR 2 R
U114 R o BRI A 5 197 S0 3 3, P
*1 REMXHE CMT BiRVLHE . ;
Tab 1 CMT foeal mechaniams HALI B ATE. 12 B F 19 M5 8 FLHLAE TR 3 A
for the two Kangding carthquakes B R I BIE] TR, KA B G AR
e R/ B2/ C) MR 1 MR 5 £ 7 ) S A 155
B A Waif EW ik i T SRR IRAA 5 TP , A5 30 JEXS PR
Son el s oS B U R A T T LA B, LR L I A
Ms5.8 5.8 239 84 -175 148 85 -6 = ’ -

T B o= sl & W G B I e 7% AT BT H
e HN TR IX i vh P — P AL T 1o J v 16
PANX, N VR BERAR, P, 55 7 B i A BEAR X 4
A Mg6. 3 st rh e Py p— v A5 18 (J5 (A
240° ~360°) {fil A 1 2 AR 5 U, fil R 6 ol

101'E
Y
A Ms5 89U il & 85 £
[ Ms6.3%% 30 5% il 2 1 32 &
A Ms5 8= il & i Bh 7
R NS ST B~

102°E

32N

20N @i\

102°E

101°E
M;6. 3 Fl M5. 8 £ i H fiph 2 5k 7 13 0l 20 A LR 2 WA e
Fig. 1

M,5. 8 Kangding earthquakes, and the macroseismic intensity map

A1

Ben-Menahem ¥ &2 2% [ 52 IR il 24 fi 1k b B A
— B0 B 401 RV R R S ) T PR AR R
FAO7 i R Cy SRR B 0 24 1Y) AR 5 ) R

g

0.25 ~30 Hz [VRFIR Wil 38 8 I, LAVS55 10 5% H
IR P K T 28 TR o AL 20 I R B R oL 22
b FARARBE, AT LARAS A0 5k 3 N (AR
Jbrg R ED) ATFERY PGA Fl PGV, /K- ff] 4 WL {EL
PABIANS K438 (ZR V4 AL g ) 000 AR A LA S 2
HFR.

32N

30°N

103°E 104°E

Strong-motion stations triggered in M¢6.3 and

.
1- (%)cosvp
Ay Sy B U Y b AR S R 2 ) 2 TA] Y e

X T E AR T ¢ =0 - 0;
@ 1O 5350 g3 T5 1) A0 65 3 75 6 A 5

€= (D



% 6 HA

A, F AT REIL R R L6 LRI @B R 1141

v, Tl ¢ 43590 A 7 R A 28 ok T b e B 1) 3
—MIEIL T v, <c.

R RN SR PR H R — N TZ T R T,
WAL B ] e AL T WZ N — i AR —

Jes P W2 0 — S A 1] 5 — S K . R BT Z 00
oAy A A0 6 67 5 DA i P 2 S R8T i) AH S )
TWHZ 2 AT WUZERTT R AR R R & ik
(DU SERE LN E N CEY S G

(1-k)*

C,= K
/[1— (%)COS (¢-0) ]2

A

k=171, 01 R W s AR RS 8, 10 L 53 53]
Oh A RETT ) PR U V2 A R L M R A AR )=
KE.

MR ST T A (PR MR B O R ) [
W T MR Sh SR BERR G R R N i S R R A Ak
AL, (ELE B IR 2% 18R TR SR TT 1] )2 . BE
BRADT TR R C, 6 1E 1 3t 5= Sl A (E UL fEL
55 BNME 2 18] Y 5k 226 IR B fee /N () , T RLSEBERR
DR ZETT 0 IR E , B

M =min Z[ln(yo/cd) _lnYPJzo (3)
i=1

A

Yo, Ml Yo o0 SR S & A 5w 1R K P i 7 sl i
(PGA PGV ) {1y WL {5 T {5

n B R

i i PR AR R T AR E N (3) €y AR IR
WERSH, AR BERTT M A o AR R L v,/
L IR A k2SR AAL X 6] 7350 2 0° ~
360°.0 ~ 1 #1110 ~ 1, 24254 al 79 B BN 0. 1°,
0.01 F10.01.

18 I3 FH P 3t 7 8 TN Ty e 2 1 R U
BB 1A (V) B ZEBRYY . e iR e 2B T e /K T I 2R
A7 I EREIG TR L, 12 W SR O 4 T T 2T, X
— W B MRS SRR, 1 R AR AR 2 U R
MBRESE [ AL 28 H A3, 0 W 247 (9 B e 8 o A
ARA I BE, 5 R R 3 Bkt G RA . 1%
WG AR, T AN FE 2 R O AR R R BT = | B
R FRE AR AT DR A2 X
R AR AR AF RIS AE SRR SO L= A 1
MR i A ) 7 Sl WL 5 3 ) R AT 2 B ) 35
B Vo 24T 500 m/s, ml LA 3858 & B 3
B A

X T IR R S 52 v ik A ) i R 15 ki (ALIAD 1)
SO A LR A AR OR A E &, P A S0k
WGE T A T AR s R OC R . % B 2 L=

+

- - (2)
[1 + (f)cos (@-0)]

S X 22 5 5E TR R X R ) 2 ek
FF BN PGA B4 G S REAIVE 2 = i 7
HH X (YWO06 ) 20 4R S A b [ P R b X
(Huo89 )" | & # IR % iy b H 7Y F M IX
(Lei07 )™ 45 5 £% X &I & b i 75 3 3t 72 X
(Yul3) ™ DI R 22yt 143 2 3301 Hb 72 e 91 v /s
R 52 S T 77 FE (KIO8) . &t Xt PGV i 41
5 FEAR Y o [ PY R L IX (Huo89) P 45 5 fR X
Sl Tl F B 7 M 5 X ( Yul3) P RRE 22t 4 2
LI =5 a7 B VA Nt @ A I TR
(KJog) .

LA MGS. 8 2 i A% P BE RS B i 200 km
fic 5% PGA FI PGV WLINE 5 I ik JLAS B8 K &
PN, 25 T AR R A 5% 22400, A&l 2 B
PGA F1 PGV TI{E /4 5% 22 73 A In( Y,/ Yy, ) FlI
In(You/ Yoy ), You 1 Yo 435124 PGA (16 UL {1 1 751
AL 5 Yoy 1 Yoo 2350009 PGV (16 LI {1 11 F50300 . Xof
F PGA, WIM{ELEA |- 5 Lei07 , Yul3 1 KJO8 (i
WIAE— 3, W& & T Huo89 f TR , W& AIK T+ YW06
F 00 .

XFF PGV, WL G A& 5 Yul3 FI KJO8 (1)
T — 2, 25 T Huo89 [T, KJOS J& Tt
NIHBRZ ) H/ N AR B SR AT SR G 5 51, X IR
PERIFZ 208 FHTEE LKL 2 TRk 25 ik R
I IZ 55 T R E B IR M, AR U &R
KJO8 T 7 78 Ay 39 00 (L AR 4 =X (3 ) 1 S ok 4 WA e
E H R A R R A 24 T 1)

B (2 , T B (4t R Sl T O R b
BESHCR R I T R R )2 ik 2
KA A F R ILE AR, s iz, UGS
Hh B R B ML A2 Sl T 7 R SR I T R T
R A SR (5 3l 22 DT J2 4 28 T 1) e e IR ) B
Joyner-Boore [ ( 5 3l 25 Wi J2 il 24 1 b 26 3 72 10 B
ST B ) T Y i Sl T 7

X B B R % A T J2 1 24 T Py LA o T



1142 ® & X @B kXK ¥ ¥ R %51 A&

DIMRYE R PR 2 R A Bl R 4 MR K JUASR IR S RN Tl LA WY
& LRSS W NG, MR (3) i mr sCing - fiifE.

103 102 ~
‘Q;\ = a0 Bl
M A é ° :n 10!
5 102 o mue R 5
= A CABTEBIIIAE N =
% —YJ\)COJ;EE,]WMﬁ w0 © WWE
=l N E & CAEIERIMNE
E ________ Leio7 = o1 L Huo89
i —— Yul3 SO o T
F 00 b—---KI08 o\, S K108
L L AN 102 L L
10° 10! 102 10° 10! 102
FEH EE/km FEH EE/km
(a) W (Ll A Jo 3 J3E (b) Ui b [ 32 )3
15 - 15 -
o YWO06 v Yul3 o Huo89
L ol ©  Huo89 % KJ08 W, L o Yul3
w A & Lei07 ® o~ o A KI08
Z 05 § : % = 0.5 § g
= d = d H o o
W %g%%@%%vé B eome o
200 1 c v 0.0 A 2
E %E g% ﬁ%%u%u vh Eg ﬁg@ R@ R 8% Dgﬂag 8
0og o O
2 05| B NI B sk : B g R
o 0 ® ¥ & i &
E
e -1.0 ! 1 1 ] -1.0 | | | ]
0 50 100 150 200 0 50 100 150 200
FEH EE/km FE P /km
() WA o AT J 2 P52 00 PR 5 22 () U (L o5k 32 ML Y ke 22
K2 PGA PGV WL {E 55 3y 52 2l B 75 e 26 H ) P00 (L ) b A
Fig.2  Comparison of the observed PGA and PGV with the predicted values derived
from the ground motion prediction equation
AJ \A
3 HRKITIE £2 MS.8 HENEERESY
3.1 MS.8 B BRI Tab.2 Rupture parameters of the M(5. 8 earthquake
o > y Hb FE Shild /(° v,/c k
ASCRA A ETE T MS. 8 e LRI e/()
s - ke m PGA 321.9 0.81 0.72
FRIRBCR M IMSAL, WAL 2. PGV 318.2 0.70 0.86
K HI PGA FI PGV 4 51l 1 1 1) 7 I 2 2 5
SEASEIT , MR AR IR XU B3, EA T 1m) N b r
Va5 1) (SR 101 1 24 320°) |, il R IR vl (R= ) ;

PLTF R LR 70% ~90% (AU 10% ~
30% )AL B AHXERE T v, /c~0.7 ~0. 8 LYK
7 25— 2 i 5 55 A AR AR ) R R Ak B ) ik
c=3.55 km/s (FRIFIRE 2 ~22 km) , IR HLEE

Cd
8]

PERKREE v, =2.5 ~2. 8 km/s, 5 T 2 1L #1172 0 ! ! ! | | |
N [26] “ RSN . 0 60 120 180 240 300 360
2.0 /s ABREE . XSS HoE T K (2) 7] o/ )

AT E AT AR Cy (5L, AN1ET 3 B, 18 T
JrIF (0 2509 320°) C, (iR K209 3.0 ~4.0, % B3 FRE M5, 8 JbiR a2 5 1o M R4k
R o N ., N . Fig.3  Rupture directivity coefficient of
ST PEROSEON 91 5 R T M 3l ® e M5 § Kangding sorthqueke.
ST Z 0. B Cy BIERY PGA FI PGV A9 LI ‘
HAE PCA i i 1) MR J7 W2 KB (5 A

{ELEMAR B SR TR E (DL 2) , N (3) /Y
R RER N AT EE. W FE R LU B Ry 28% , Sy XTe) 528, 1] 3 v AT LA



% 6 HA

A, F AT REIL R R L6 LRI @B R 1143

KB ERERE J7 =Sl (D5 LA 140° [EE) tofy
TE—EMTERAE T (> 1.0) , Bl — DA/~ 8¢
7. 5R T PGA M 2 1= IR FL, AR
PGV 1 72 14 77 % 114 18 SR8 B 4 30T T B 1] i 3R, {ELA
B ERIN, B PGV 852 (1975 [ VROV 5 PGA
BREER TSI REPRY A& Y E S YA D RS

MR PGA H1 PGV 43531l 1 5E 149 7= I 47 1]
VAR R AT i P B S MR A S e A
SRR (X)) Wnl&l 4 PR, #i 4K AR iz
S PRI R B, 1 Sk B /R O [ AR BE R R %07
[ AR T AR AR e ). 12 A 25 B ZJE KA
MR ZHORR AL T R R PYALT5 1, S5 SCH E 1Y

101°24'E 101°30'E

30°30'N

101°36'E

30°24'N

30°18'N

30°12'N

— R

@ 12/01-12/054 /%

30°06'N

@ 11/26-11/3043 =252

O 11/22-11/2545%5%

30°00'N 3
101°24'E

101°30'E

101°36'E

R AT B — 2 3 Hh, IR R TT 10 5
3 F B A0 B et A T |t R A T Al 1
oy n] WA SCR T 58 5= 2hie s i 2 MS. 8 4
R R TS ) 5 S PR Al DL A AT

EAR IR, B BERTS 1 -5 5= 2% B Y
KA 7 1] AT - — 2, 2 R 2R 1A (BRVILZ 51 )
FERFBL T 7 1) b (AL P67 1)) ZURE XA T
R TF IS T7 1) (R TT 1)), WL 1A 4. 532
THRR I R LR NI IERE &) O, i 39
WEAFERE MRS AR DL A 45 IR A 3R 2 i 2 1)
LML , AR TR R 7 1) 13 AR X, 7 v
PEALON A J L DX, A B S O3 A1 3 M i, b
B A S D

101°42'E 101°54'E

30°30'N

101°48'E

30°24'N

30°18'N

30°12'N

30°06'N

[0 30°00'N

101°42'E 101°48'E 101°54'E

B4 BT PGA(ZLEHTL) Fl PGV (M GHL) #iE S Mg 5. 8 SRR 3L )
Fig.4 Rupture direction of the M¢5. 8 Kangding Earthquake based on the PGA (red arrow line) , and PGV (blue arrow line)

FZYENT L FZ B A S A SR BT 16, 3 )5
R /N SO L RE U A A R R I
CMT ZEUEHLHI AR (DL 1), Wr )= ff $23 90°, It
UCHLAZ o TR TR AT R 2% 18 B/ R0 4 5%
W 7% SCR FFHS B8 45 1 HH 1y )1 G I U 1| 5 i
G5 11— 2k b 578 435 Wy AR L R CMIT (14 72 IR

BUBIARHE T M. 8 JUHEE MR S P IRAR I
IR (LA SH A SV 40 R REFIHR) L I 552 b%
WL PGA PGV #E4T e, WL 5 FF . i
JUT B0 S I 5B SR 10 Ho e 44
3 PGA PGV 43513 AR B 12 BB ( R, ) IFHEAT
P Al CBR A e 05 ), 20 B Yo I Vi



1144 G B ]

X

o

Ca

IR %51 %

FR. HE S Fal L, SEBR I Y PGA PGV B Jy
P A AL S B i A X 22 S s T v A
210° ~330° 735 Bl 9, PGA FIl PGV B i Kk FH &
PLAAYEEN A, SR8 210° ~ 330° 3 il 4 £ 408 A3
B I JEREF IS R R A A R X
AR B AR B 5 /e, 276 Heg Oy (v e el
N SZBR UL Y PGA F1 PGV A, )37 55 36 4 S A =X
AT BRI, mT DAHEWT O 03 £ 210° ~ 330° 3 [l 4 (1)
PGA Fi1 PGV it K1 Ay 72 Y5 24 7 1) 4 o 2. 141 5
H1 PGA PGV i J5 v ffs A8 fb a4 5 T8 3R 11 7
Pk R B C, By 7 i1 9 AR Tl 45— 30, IR RE i
—HEHT.

12 -

o IhENEE —o—EEER
1.0 /@ @% @
0.8 |-
£ 06
N&
u J
02 |-
0.0 ﬁoﬂmlﬁ&z%o'
0 60 120 180 240 300 360
0/(°)

(a) JA— o miy Ve E 3t 1 sk 2

12 -

o WEMEE —o—iEEE
10 - g
Ax A
08 | A é
z 0.6 -
= 04 - X !D
0.2 - &9
0.0 ° ? S F0 93 !
0 60 120 180 240 300 360

0/(°)

(b) VA e ] o i i 2

K5 IR SEE SLpR
WL PGA PGV (4 L4
Fig.5 Comparison of the radiation pattern

with the observed PGA and PGV

3.2 M6.3 B A T E

XPF 11 A 22 HERAR M6. 3 FHbiR , A SCIR
IR B3R 7 Al T LR IR Ry ) (25 SR AN
A B, fyiﬁ??%%ﬂﬂﬁzﬁﬁiﬂﬁrﬁﬁ%iﬁﬁﬁ
(N270°E ZeA7) , b R4 B A2 59 D) i 149 0. 3 ~
0.5 %, K#1.07 ~1.78 km/s, Bf L H F 18, 5
R TR TE 8] AR FE I 25 o3 AR A — B Wk LU
Ty 52 20y AR5 s A S0 AL DR R 5 S A e 2 i ]
APl & B 3 AT 3 & uh 051KDX, 051KDG I

051KDT HyiC s PiZK ¥ J7 1] 70% W2 5 it (4 J LA

SRS 5.27.5.78 R 1. 73 s, LU RR IR AL 241
RPERI [H) A0, 3 5 B I AN 18, o S i Y 7
IR 258 B AN AT 5

T 4 b R W E ] B AR R I S 43 A1 AT
DL, 6P 7 1) AT fig 2 i R 32 i 24 5 1), {HL 7R
M6. 3 G L Ty [ A P A SRR Bl 1Y 0
iﬁ'% Boatwright TA A58 5% 55 3l %5 BE AL L il & i

B UGS [ 7 0 50 AT A 5] B R RN, U
EEP/J\ SR DL, R 58 2 BB AT fig
SELLIE B0 T R IR A e Ry 1 T RE R T A
sl a3 18] J7 L3 A B P BRI 5], 3 Mg6. 3
it ST 1) % TR R 2 2 5 S v 0 A R 2%
SETEA T W 5 5 2 )5, & ulh A B 2 15
Bl U, M5, 8 Jth R S M 25 R4 HL S ]
5. PHUCHEER AR FUAREE T 00R F 5 52 30 ﬁﬁ“i‘ﬁ
VR ST el () R BRAE. AT RE T Me6. 3 Z AR
Jifrﬁd(,lﬂﬁﬁﬁﬂ%%%@&ﬁ)ﬁﬁ,%Jﬁ%?ﬁﬂﬁ%
71N R 152 3 3 U8 G 22 0 i HL 5 3 T (L ] BE AT
TERCR AN 8 1, 3 7] RE 23 52 e 22 U S 2 4
AR A -
4 & it
T4 s = S I ) B 2 Hi R TR
S5 RN 5B S B L A A B, B R R
5% B B e AR AL SR AR R S T E BE
VS A FRAF DG A B A 3 752 210 St ] LA e
R R IR A Ty [, Oy b AR R O
PR VAL RR 5 N o R b 55 AR S I B Al 1 15
BRSO T — R A F R AR B4 (2 5 (PGA F
PGV fr] B 3th ] Wt 52 Y5 287 1) 1 07 45, 7Rl
REfE 24 h (WPRERE 12014 4R 11 H 22 H AR
M6.3 ZeA1 11 J] 25 H &AM M5, 8 Za HifE
RIS TT 0] S S8, PR3] T LI 458

(1) R R SEAE Z 800 S Jy s w] DATR
T b B A R Y SRR ) B R B IR A T

W7 1 PEX M RR S s e R R H AR 9 5=
IE MO LPEm TR0k AR RIS, X
XEA 58 52 B0 s a4 T b 72 i 224 1) 0 PR )
POt T ORRE , HE— 20 S MR O A PR PR AL B 2 T
M7= Bl 25 (8] 43 A1 B AL

(2) M6.3 05 b 7% 52 5 3= 0 24y ) 23
IEP, BPbAm AR 270° 64y, 5 5L PR E DU FF, Rl BE
P49 i DR 2 i 2 ) 5 R 5l % () A 0 A



% 6 1 E R,

ETREREREATETIHEGERBEEFT QMR

1145

HAES) R —H LT AU 2 A G ek,
oK FH 58 = Sl WAL W7 R IR0 28T 1 9 77 9 2 A
KIIBRA

(3) EREJm A B T sh WL & ol st T fih
B B2 A oA, X T RES KA MGS. 8 2 B E Ml
Eﬁ”%ﬁ&@“ﬁ%ﬁ?ﬁ%ﬁhﬁ&ﬁﬁﬁm
RN R T5 ). R A SR AT AT O 2 X 3R, 2
W37 1 29 b D AR 320°, ZEMRTT 1) A R
JEZ b AR 1 70%  ~ 90% |, i ¢ T JEE
v,=2.5~2.8 km/s, TR ZALTT 0] P50 2. 7%

2 AR W RR 5 F T 5 72 40 SR AT LR A

RO AR IR RTT 1) (R TTIEZ IR T RS &
AR S 6] 56 b 9 23 (Rl AR SO R 25 iR

ﬁﬁ%ﬁﬁm&ﬁﬁ”%ﬁMXﬁmﬁﬁﬁ%k
W= o R A RR DB IR BB — AP AR
ANE B 3K B TR R it 25 5 S e 49 5 3 Ak

[ O R e o [ 114 R
5 i 2 ZU R S LI 1 2%, 5 3 o Al B ST AR
7 I b SRR >R FH S i Rl A i , A< S0 48 )

%ﬁﬁﬂ%%ﬁ@%%ﬁﬁﬂﬁW%ﬁ%ﬂﬁi
W EI M= ¢uﬁﬁ%%ﬁﬁﬂz$#kiF
AT RS, B RN B S %

Bgt: P B E B AR A F AR TR L S
B A (2014B07).

Sk

(1] AR LS. SO R 3 s B B S 50 T
PR ], HaBR4) HE 2% 4 ,2011,54 (10) : 2581-
2589.
HU Jinjun, XIE Lili. Directivity in the basic parameters
of the near-field acceleration ground motions during the

earthquake[ J].  Chinese  Journal of
Geophysics, 2011, 54(10) . 2581-2589.

[2] VELASCO A A, AMMON C J, LAY T. Empirical
Green function deconvolution of broadband

rupture 1992 Landers,
California (My7.3), earthquake[ J]. Bulletin of the
Seismological Society of America, 1994, 84 (3). 735-
750.

[3] SHABESTARI K T, YAMAZAKI F. Near-fault spatial

variation in strong ground motion due to rupture

Wenchuan

surface

waves : directivity of the

directivity and hanging wall effects from the Chi-Chi,
Taiwan earthquake [ J].
Structural Dynamics, 2003, 32(14), 2197-2219.

[4] COMINO L J, MANCILLA F D L., MORALES J, et al.

Earthquake Engineering and

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Rupture directivity of the 2011, My5. 2 Lorca
earthquake (Spain)[J]. Geophysical Research Letters,
2012, 39(3) ; 268-274.

HARTZELL S, MENDOZA C, RAMIREZ-GUZMAN L,
et al. Rupture history of the 2008 My7.9 Wenchuan,
China,

earthquake: evaluation of separate and joint

inversions of geodic, teleseismic, and strong-motion

datal J].
America, 2013, 103(1) ; 353-370.
BOATWRIGHT J, BOORE D M. Analysis of the ground

Bulletin of the Seismological Society of

accelerations radiated by the 1980 Livermore Valley

earthquakes for directivity and dynamic source
characteristics[ J]. Bulletin of the Seismological Society
of America, 1982, 72(6A) . 1843-1865.

LANZA V, SPALLAROSSA D, CATTANEO M, et al.
Source parameters of small events using constrained
deconvolution with empirical Green’s functions[ J].
Geophysical Journal International, 1999, 137. 651-
662.

MCGUIRE J J. Estimating finite source properties of
ruptures[ J|.  Bulletin  of the
Seismological Society of America, 2004, 94(2) . 377-
393.

W XA, B A T SRR AR

small  earthquake

Bl X&)

6.5 FIH R KRR TT M BIFE [T ], HuRR s,
2015,37(1) : 331-341.
FENG Wei, LIU Jie, LUO Jiahong, et al. A study on

direction of the seismogenic fault of Ludian M 6. 5
earthquake based on strong motion and seismographic
data[ J]. Seismology and Geology, 2015, 37(1): 331-
341.
BOATWRIGHT J. The persistence of directivity in
small earthquakes[J]. Bulletin of the Seismological
Society of America, 2007, 97(6) : 1850-1861.
SEEKINS L. C, BOATWRIGHT J. Rupture directivity
of moderate earthquakes in northern Californial J].
Bulletin of the Seismological Society of America,
2010, 100(3): 1107-1119.
CONVERTITO V, CACCAVALE M, MATTEIS R D,
et al. Fault extent estimation for near-real-time ground-
shacking map computation purposes[J]. Bulletin of
the Seismological Society of America, 2012, 102(2) ;
661-679.
CONVERTITO V, EMOLO A. Investigating rupture
direction for three 2012 moderate earthquakes in
northern Italy from inversion of peak ground-motion
Bulletin of the Seismological Society of

parameters| J].

America, 2012, 102(6) : 2761-2770.



1146 " @ R A ¥ F R %51 %
[14] BOORE D M. Effect of baseline corrections on horizontal peak ground acceleration and response

[15]

[16]

(17]

(18]

[19]

(20]

and several

the

displacements spectra  for

Chi-Chi,

response

recordings  of 1999 Taiwan,
earthquake[ J]. Bulletin of the Seismological Society of
America, 2001, 91(5) . 1199-1211.

BEN-MENAHEM A. Radiation of seismic surface-
waves from finite moving sources[ J]. Bulletin of
Seismological Society of America, 1961, 51(3) : 401-
435.

JOYNER W B.
ruptures| J |.
America, 1991, 81(4) . 1391-1395.

=t D1 P R G K JiT -2 7 ] - DU AR T 7 )
MR R Iy BURRAE [T ). R M 5T, 2000,22 (3)
239-249.

WEN Xueze. Character of rupture segmentation of the

Directivity  for  non-uniform

Bulletin of Seismological Society of

Xianshuihe-Anninghe-Zemuhe fault western
Sichuan[ J]. Seismology and Geology, 2000, 22(3) .
239-249.

HIRR B, =Euh AL A R TR A
BB PR ERESIF[T]. MR TS
TRRS,2014 ,34(4) : 93-100.

KOKETSU K, MIYAKE H,

zone ,

SI Hongjun, et al.
Empirical evaluation of ground motions for Wenchuan
and Lushan earthquake[J]. Earthquake Engineering
and Engineering Dynamics, 2014, 34(4) . 93-100.
AR AR, R, A 0 I AR Hh i T i
S PR IE BRI [T ], #hRR TR S TR R 3,
2014 ,34 (#47]) . 188-192.

REN Yefei, WEN Ruizhi, WANG Hongwei, et al.
Regional dependence of ground motion in 2013 Lushan
earthquake sequence[ J]. Earthquake Engineering and
Engineering Dynamics, 2014, 34(Sup. ) ; 188-192.
ATE R TER A P E R PG R DX K [ s
I RE S i R OC R [T]. RR R B E A, 2006,
1(3) . 206-217.

YU Yanxiang, WANG Suyun. Attenuation relations for

[21]

(22]

(23]

[24]

[25]

[26]

spectrum in eastern and western China[ J]. Technology
for Earthquake Disaster Prevention, 2006, 1(3) : 206-
217.

BRI s iz 3 ORI BESE [ D], IS
IR - o [ 3 5R R AR ) AR ST, 1989.
BN, o A R DU R AT X AR B R e
Z[J]. HuE2HE,2007,29(5) : 500-511.

LEI Jiancheng, GAO Mengtan, YU Yanxiang. Seismic
motion attenuation relations in Sichuan and adjacent
areas[ J]. Acta Seismologica Sinica, 2007, 29 (5):
500-511.

AT EFE A, H 58 o X BT 37 f A2 5
FIRARLT]. RRPHEEIA ,2013,8(1) : 24-33.
YU Yanxiang, LI Shanyou, XIAO Liang. Development
of ground motion attenuation relations for the new
seismic hazard map of China[J]. Technology for
Earthquake Disaster Prevention, 2013, 8(1) : 24-33.
B4, < B U1l DXl RR Bl W (R DAL I Y
[J]. HuEHE,2009,31(4) ; 403410

KANG Lanchi, JIN Xing. Ground motion attenuation
relation for small to moderate earthquakes in Sichuan
region[ J]. Acta Seismologica Sinica, 2009, 31(4) .
403-410.

ZHENG Yong, MA Hongsheng, LU Jian, et al.
Source mechanism of strong aftershocks (Mg=5.6) of
the 2008/05/12 and the
implication for seismotectonics[J]. Science in China
Series D: Earth Science, 2009, 52(6) : 739-753.
HAO Jinlai, CHEN Ji, WANG Weimin,
Rupture history of the 2013 M,6. 6 Lushan earthquake

constrained with local strong motion and teleseismic

Wenchuan earthquake

et al.

body and surface waves[J]. Geophysical Research

Letters, 2013, 40 5371-5376.



