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Prediction of Strong Ground Motions for Scenario Earthquakes

Kojiro IRIKURA " and Hiroe MIYAKE ©

Abstract

0O O We propose a recipe to predict strong ground motions from scenario earthquakes which are
caused by active faults. From recent developments in waveform inversion analysis for
estimating rupture processes during large earthquakes, we have understood that strong
ground motion is relevant to slip heterogeneity rather than total moment on the fault plane.
The source model is characterized by three kinds of parameters, which we call: outer fault
parameters, inner fault parameters, and extra parameters. The outer fault parameters are
parameters characterizing the entire source area such as total fault length, fault width, and
seismic moment. The total fault length( L0 is related to the grouping of active faults, i.e. the
sum of the fault segments. The fault widthdd] WOis related to the thickness of the seismogenic
zones. The total fault area SO =LWUO follows the self-similar scaling relation with the seismic
moment M,[] for moderate-size crustal earthquakes and departs from the self-similar model
for very large crustal earthquakes. The locations of the fault segments are estimated from the
geological and geomorphological surveys of the active faults and/or the monitoring of seismic
activity. The inner fault parameters are parameters characterizing fault heterogeneity inside
the fault area. Asperities are defined as regions that exhibit large slip relative to the average
slip on the fault area. The relationship between combined area of asperities and seismic
moment M, satisfies the self-similar scaling relation. The number of asperities is related to
segmentation of active faults. The rake angles of slips on the asperities should be estimated
from the geological survey and/or geodetic measurements. The extra fault parameters are
related to the propagation pattern of rupture within the source area. Rupture nucleation and
termination are related to the geometrical patterns of the active-fault segments. The recipe
proposed here is to construct the procedure for characterizing those inner, outer, and extra
parameters for scenario earthquakes. Then, we have confirmed that the scaling relations for
the inner fault parameters as well as the outer fault parameters are valid for characterizing
earthquake sources and calculating ground motions from recent large earthquakes, such as
the 1995 Kobdl Japan[earthquake, the 1999 Kocaelil Turkeyearthquake, and the 1999 Chi-
Chil Taiwan{ earthquake. We have also examined the recipe for estimating strong ground
motion during the 1948 Fukuill Japan( earthquake. The simulated ground motions clearly
explain the damage distribution in the Fukui basin.
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(1) Long-term forecasting  (2) Strong motion observation and (3) Investigation of
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Fig.010 Framework of predicting strong ground motions for scenario earthquakes.
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Fig.[20 Comparison between fault parameters estimated from the waveform
inversion results(] Somerville et al., 19990 and those from field
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Fig.050 Rupture width versus seismic moment. Marks used here are the same as in Fig. 3.
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Fig.060 Rupture width versus rupture length.
The thick broken line shows the empirical relationship obtained in this study.
The shadow ranges o0 standard deviation[l The thin solid lines show a factor of
2 and 1/2 for the average.
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Fig.070 Rupture area versus seismic moment.
The thick broken line shows the empirical relationship obtained in this study. The shadow
ranges o0 standard deviation[l The thin solid lines show a factor of 2 and 1/2 for the
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Step 1 Total fault length L

The fault length of the possible
earthquake is defined as the sum
of lengths of fault segments
simultaneously activated.

Step 2 Fault width W

Fault width is related to total fault
length.

W=kL for L < Wmax

W=Wmax for L >= Wmax

where Wmax=Ws/sind, Ws is the
thickness of the seismogenic zone.

Step 3. Seismic Moment Mo

Seismic Moment is estimated
from the empirical relation,

Mo vs Rupture Area (S = LW)

S=2.23x10""xMs’
for Mo < 7.5x10”dyne-cm

rupture area (km?)

S=4.24x10"xMo -
for Mo >= 7.5x10"dyne-cm

ooooooooooo-oo0

L=la+l2+13

Rupture area vs. M,
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Fig.080 Procedure for making a characterized source model - Part 1: Outer fault parameters.
Step 1: Define total fault length. Step 2 : Estimate fault width in relation to the total
fault lengthD thick broken linel[l Step 3 : Estimate total seismic moment in relation to
the total fault areal thick broken linell
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Step 4 Number of asperities

Each fault segment has one or two asperities. The asperities in the entire fault rupture
are related to the fault segments from the waveform inversion of the source processes,
e.g. the 1992 Landers earthquake.

S —— ..... sy '- h‘" 1992 LandeI’S earthquake
. : : et d Fudey Frad =
:—.u-u.--. Tamiie | “larelare lskaser Tellar Prais |
LY R TR J:-" ‘-\.'.-‘:'h._-l:“c = om T
) Wald and Heaton (1994)
= |
R
) ) ! "!e | ’ o

Step 5. Area of combined asperities
The area of each asperity is given following the empirical relationship by Somerville et
al. (1999).

Case 1. One asperity area : The Case 2. Two asperities in a fault-segment:
asperity area is specified to be 22% of The area of the largest asperity and that of
the segment area. the second one are specified to 16% and

6% of the segment area, respectively.

single asperity multi asperities
0.16S
0.22S
0.06S
0.78S 0.78S
S=0.22S S=0.16S S=0.06S
020 00000co0ooo0o-o0 20
Step 40 0000000000000 00O0O0O0ODO0OOOO0OODOStepsO0ODOOOODOO
gooooooboooboooboobobooooboooobooboooobbooboboooboo

ooooooooood

Fig.0120 Procedure for making a characterized source model - Part 2: Inner fault parameters.
Step 4: Estimate the number of asperities. Step 5: Estimate the area of combined
asperities. Two cases are assumed, one is an asperity for each segment and the other is two
asperities for each segment. The asperity sizes are given from two relationships, combined
asperity areas versus the fault-segment the area and area of the largest asperity versus the
fault-segment area.
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Fig.0140 Schematic slip distribution for a single
asperity model.

DO xOand DU xOare slip distribution for a circular
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the asperity is given as D.. D. and is taken to be
an average of DO x[1
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Fig.01700 a0 Relationship between combined area of asperities and
seismic moment based on slip distributions.0 b0 Relation-
ship between area of the largest asperity and seismic

moment
waveform

based on slip distributions estimated by the
inversion.[ after Miyakoshi, 2001 personal

communications[]

The solid

lines show a least-square fit under the const-

raint of self-similarity slope=2/30 by Somervillle et al.
019990 The combined asperity area and the largest
asperity area are plotted by white circles determined from
comparison between the synthetic and observed waveforms
in the broad-band frequency range analyses.
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