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Recipe for Strong Motion Prediction

Outer Fault Parameters

B Rupture area S is given.

E  Seismic moment Mo from the empirical relation of Mo-S.

B Average static stress-drop Ac_from appropriate physical model
(e.qg., circular crack model, tectonic loading model, etc.)

Inner Fault Parameters

E  Combined area of asperities Sa from the empirical relations of S-Sa
or Mo-Ao.

Stress drop on asperities Ac, based on the multiple asperity model.
Number of asperities from fault segments.

Average slip of asperities Da from dynamic simulations.

Effective stress for asperities o, and background area o, are given.
Slip velocity time function given as Kostrov-like function.

Extra Fault Parameters

™ Rupture nucleation and termination are related to fault geometry.



Quter Fault Parameters

Parameters characterizing entire source area I, -
‘—"d—’-’i”‘/\

[2
[i
Inland crustal earthquake )/:-—f#ja

L=li+02+13
B Step 1: Give total rupture area (S=LW)

B Fault length (1) is related to grouping of active faults from geological and
geomophological survey.

B Fault width (W) is related to thickness of seismogenic zones (A4s) and
dip (0), i.e. W=Hs/sin 6.

B Step 2: Estimate total seismic moment (Mo)
empirical relationships

B Step 3: Estimate average static stress-drop (4o, on the fault
a circular-crack model (Eshelby, 1957) for L/W less than 2
or a loading model (Fujii and Matsu’ura, 2000) for L/W more than 2.
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Dsurf is Maximum Surface Displacement and Dsub_ave is Average
Displacement on Source Fault estimated from the waveform inversion.
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Dsurf (Max. Surface Displacement) is proportional to Lsub (Length of Source
Fault) until L=100km and saturates at 10m. After Matsushima et. Al. (2010)




New scaling relations (1)

Scaling relations for mega-fault systems

Slip saturates at D=10m when L=100km
Assuming W=18km
S=1800km2, M,=1.8><102° [Nm]
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New scaling relations (2)

S Mg?? (M, 7.5x10*Nm) L, W,D
S = 2.23x10-1°xM,?/3 (Somerville et al., 1999)

S M2 (M, 7.5x10*Nm) L, D (W fixed)
S = 4.24x10-11xM,/2 (Irikura and Miyake, 2001)

S Myt (M, 1.8x10°°Nm) L (D&W fixed)
S = 1.00x1017xM,/ (This study)

Matsushima et al.(2010), WPGM2010 S54B-01 2010/6/25



Estimation of Average Stress

E Asperity stress drop for circular crack model is given by Eshelby
(1957) as
_' Mo

C 16 R’ MO: seismic moment, /. radius of crack

Ao = 72312 Mo |
C™ 16 (LW)¥? L: fault length, W: fault width

B Asperity stress drop for a rectangular fault considering tectonic
loading is given by Fijii and Matsuura (2000) as
— alL+p
Ao. = M
c LZW 0

B Average stress drop for infinite-length strike-slip fault is estimated
for strike—slip fault by Starr (1928) as

Ao =
sz
and for dip-slip fault by Knopofff (1958).
Ao — 2 M,

T LW 2
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New scaling relations (2)

S M@?® (M, 7.5x10Nm) L,W,D
OS = 2.23x1015xM 2 (Somerville et al., 1999)

S M2 (M, 7.5x10'8Nm) L, D (W fixed)
OS = 4.24x1011xM Y2 (Irikura and Miyake, 2001)

S MY (M, 1.8x102°Nm) L (D&W fixed)
OS = 1.00x1017xM, V! (This study)

2010/6/25 WPGM2010 S54B-01 12



Inner Fault Parameters
Slip heterogeneity or roughness of faulting

Inland crustal earthquake e e e
B Step 4: Estimate combined area of asperities & 10° 4 & ==
(Sa) from empirical relation Sa-S E ;,*:.
(Somerville et al., 1999; Irikura and Miyake, 2001 ->) E | S [
B 108 v g 3
_ F ,
e ] 3% z
Sa/s = 0.22 : e 14
5 0ot
Sa: combined area of asperities (inner) S
S : total rupture area (outer) od 1 -
10' 10° 10° 10°
- " t km?)
— Step 5: Estimate Stress Drop on Asperities (Ac,) upture area fkm
from multi-asperity model (Madariaga, 1979)
AGa — AGC «— Ac,: stress drop on asperity (inner)
S a Ac.: average stress drop (outer)
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Relation between Seismic Moment and Combined Asperity Area
from the waveform inversion using strong motion data

Combined Asperity Area(km?)
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Comparison of Observed Acceleration Source Spectral Levels
with Estimated Ones from Characterized Source Model

Characterized Source Model
< >
<< >

Acceleration Source Spectral Level A

\ 1/2 3 S wave velocity in source area
N: Number of asperities
A= 472-18 Z AG r O, Stress drop of Asperity i
|
=1 r. Equivelent radius of Asperity |
l.e. 71r2 = L ><W)



Comparison of Observed Acceleration Source Spectral Levels

with Estimated Ones from Characterized Source Model
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Relation between Seismic Moment and Combined Asperity Area
from the waveform inversion using strong motion data
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