§31% 45 o= Vol. 31, No. 5
2009 4E 9 A (555-563) ACTA SEISMOLOGICA SINICA Sep. » 2009

e, WA, BEA%. 2009, B RE MY MR LG A0 0 M AR R BT . AR 2 31(5) : 555-563.
Wu Di, Luo Qifeng, Xiong Yan. 2009. An empirical Green function approach with asperity model considered. Acta Seis-
mologica Sinica, 31(5); 555-563.

ZRUOFEERCHEZEEREETIE

2wVt FHUY MR

D HETTH 510405 J7H KRR A0 iR TR S M HE R AL =
2) W L 200092 [a) B R 2 i B R BCRAESE BT
3) HEJTIN 510405 Ao Eg BT W B A SR K SR E

WE LS R BOR Y EERL . 75 21072 BT NN OR 3t 5= A 5 U™ R B G R s BT
FREt 2 (R UNTTE - et I CI L RS R N VAP N R - T P LI PR £ 2 o U L R e N
s DUE IR AR (Ms=6. O/E N2 RAR MR E, A A 1976 4F FF 1L HLRE (Ms=17. 8) iy 3L 3%
gy, WERAIRE R S NEC R, 2R A W R R T A R AT

XKEF M BRSNS LA MR R IR
XEHE: 0253-3782(2009)05-0555-09 FEHEKS: P315.3 X EkARIRAD : A

An empirical Green function approach
with asperity model considered

Wu Di”*  Luo Qifeng” Xiong Yan”

1) Key Laboratory of Earthquake Engineering and Applied Technique of Guangdong
Province; Guangzhou University , Guangzhou 510405, China
2) Research Institute of Structure Engineer and Disaster Reduction, Tongji University ,
Shanghai 200092, China
3) State Key Laboratory of Subtropical Building Science ; South China University of Tech
Guangzhou 510405, China

Abstract: On the basis of the research on 15 earthquake, a relation between the
seismic moments and the area of all asperities on seismic faults is worked out.
The average stress drop of the asperities used for the empirical Green function
(EGF) approach is generally obtained by linear regression analysis. A simplified
EGF method based on the asperity model is proposed. A computer program
based on this proposed method is developed to numerically synthesize the far-
field seismic records of the 1976 Ms7. 8 Tangshan earthquake. The accelero-
grams of the Tangshan earthquake at Guanting station are synthesized by using
an Ms6. 9 aftershock record as the Green function. Comparison of the camputed
accelerogram with the observation shows that the numerical result obtained in

this paper is accurate and reliable.
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Table 1 Seismic source parameters (Somerville et al, 1999)

7S 4 T WA M, /108 Nem My L/km W /km B ok P

Landers SS 75.0 7.22 69. 00 15. 00 Wald 1 Heaton(1994)

Tabas RV 58.0 7.14 95. 00 45. 00 Hartzell #1 Mendoza(1991)

Loma Prieta OB 30.0 6. 95 40. 00 18.00 Wald 4§ (1991)

Kobe SS 24.0 6. 90 60. 00 20. 00 Wald(1996)

Borah Peak NO 23.0 6.87 48.75 26. 40 Mendoza il Hartzell(1988)

Nahanni RV 15.0 6.75 34. 67 16. 49 Hartzell %5 (1994)

Northridge RV 11.0 6.66 18. 00 21.00 Wald 1 Heaton(1994)

Nahanni RV 10.0 6.68 29.33 13.92 Hartzell 25 (1994)

San Fernando RV 7.0 6.53 13. 36 12.03 Heaton(1982)

Imperial Valley SS 5.0 6.43 36. 00 10. 00 Hartzell 1 Heaton(1983)

Superstition Hills SS 3.5 6.33 20. 00 8. 05 Wald 4£(1990)

Morgan Hill SS 2.1 6.18 26. 00 11.50 Hartzell 1 Heaton(1986)

North Palm Springs OB 1.8 6. 14 20. 00 13. 30 Hartzell(1989)

Whittler Narrows RV 1.0 5.97 10. 00 10. 00 Hartzell 1 1ida(1990)

Coyote Lake SS 0.4 5.66 5.50 4.57 Liu fil Helmberger(1983)

T Mw R, Mo iR, L AWRKEE, W W2 908, SS AEWMIZ, RV Bl 2. OB R M.
NO 2 iE Wi 2.

WHEE 1 MR Z JE S8 (Somerville et al, 1999) . 30 (7) . 20(8) FI=t (9) W] #fk
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5 1 2= T2 MM AR A AR TR S 8GR 2).
22 HARWE MY A A R UE S 8 (Somerville et al , 1999)

Table2 Seismic source parameters of fault asperities (Somerville et al, 1999)

TN

b 72 44 P /10% (Nem~2) M, /Nem Au/km? M
Landers 2.69 3.89759X10" 293 1.59327 X 10"
Tabas 2.71 3.52896x 10" 1120 1.54378X 10"
Loma Prieta 2.51 1. 1046 X101 152 6.23963 X102
Kobe 2.99 1.12272X 10" 300 5.78306X10'%
Borah Peak 3. 80 1.48022X10" 515 6.02862>x10'*
Nahanni 3.28 1.03958 X 10" 157 5. 74744 X102
Northridge 3.93 4,56544 X108 75 4,5145X10"?
Nahanni 2.85 5.97132X10'8 93 4.60236X10"
San Fernando 2.90 2.98674X10'® 43 2.07395X10'?
Imperial Valley 2.01 2.30072X10'8 90 1.74278 X102
Superstition Hills 2.79 1.31673X10'8 35 1. 435X 10"
Morgan Hill 4.13 1.00212X 10" 42 1.68381 X 10"
North Palm Springs 3.98 4,98252X10'7 34 6.28492x 10!
Whittler Narrows 3.85 3.43885X 107 17 7.46444 X101
Coyote Lake 1.83 1. 6827107 8 3.04793X 101

r M 2 Frg 15 Wb Z b M5 B £ 1)

MR AL B R WIE 1 PR,
AP 1 RS 15 g M

R £ T R A, 196 Rt
E} M = 3.19 X 10" X A, (10)
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B2 A0 AR A (11D 0] 45 B A5 19T 4k 1
led/m? SRR 1 Ac. 140X 10° Pa,
BT 15 WA g M A 1 FE T A4 B 7 A R A M, AT 3ROR R
WA, LR
Fig. 1 Relation between M’ and combined .
area A, of all asperities X 7 W2 R W2 B, T2
HiEHH M, 7] %75 F (Kanamori, Anderson, 1975)

7 9 10
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i=1
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1985). HAKF Wi 21 S5 3 FiR.

#£3 FLEETHESH

Table 3 Sub-fault parameters of the Tangshan earthquake

Wizg's  RRWEE/km ER/ /0 MURRH/Nem  RUWRST/km PIAIE/m R JIRE/10° Pa
1 15 30 80 7.0X10" 57X20 1.86 20
2 15 50 80 7.0X10"° 5720 1.86 20

T AL L b X 2 6 R0 s 2] 58 453 Ll 35 52 AR A 52 (7 ) b i) ot 3 o ok B A .
MR8 X 7 0] Hb 5% A B 38 96 R CRAGHE . 1985) FZ IR AL M (5K Z 745, 1980) . #fi & 7 ] # 7%
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Table 4 Source parameters of the Ninghe earthquke (Ms= 6. 9)

RVRRIE /km  SEW/° i1/ WA/ Nem W RAT /km I S /10° Pa P H 4/ m

17 330 39° 8.0X 1018 18 X9 35 1.50

R FREIT AU iR Py 228 km, THUEE)T Gl iR Y 216 km. T
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Fig. 2

Observed Ninghe earthquake acceleration in NS(a) and UD(b) component
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Fig. 3 Slip distributio on main fault of Tangshan Fig. 4 Location of asperities on main fault

earthquake (James, 2002) of Tangshan earthquake
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Table 5 Number of small events in asperity area

6 ARM AT AR

Table 6 Number of small events in non-asperity area

%5 K T7 1 A% i 7 18 A4 %5 K T7 1 A4 i B2 T7 1 A
1 1 1 1 3 2
2 1 1 2 3 2
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DL 52 (M 6. 9) BT K 5 0l 10 3 A1 0 Z2 B A8 b el 50, 5 /07 30 53 1 B35 20 il 12
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Fig.5 Observed Tangshan earthquake acceleration (a) and synthesized result (b)
of the main shock in NS component at Guanting station
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Fig. 6 Observed Tangshan earthquake acceleration (a) and synthesized result (b)

of the main shock in UD component at Guanting station
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Fig. 7 Comparison between the response spectrum of observed Tangshan earthquake
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