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Separation of source, propagation and local site effects from accelerographs and
its application to predict strong ground motion by summing small events
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ABSTRACT: In this paper, we try to evaluate source cffects, propagation path effects in connection with the geometrical
attenuation and anelasticity (Q-value) as well as local site effects in frequency domain from S-wave of accelerographs observed at
Kinki and Kanto districts. In this inversion we can get source parameter, Qg-value, and site amplification factor in frequency
domain. Then we conpared the results by this inversion with the results of other workers by different theoretical method.

| INTRODUCTION

Many statistical analysis of strong motion spectra have been
carried out by many workers through out the world. Most of them
were based on the multiple regression models is in which the
characteristics of the strong ground motion is assumed to vary
linearly or logarithmic linearly according to the explanatory
variables such as magnitude and epicentral distance, ete.

On the other hand, several authors( Papageogiou and Aki, 1983,
Andrews, 1982, Iwata and Irikura, 1988 ) have tricd 1o analyze
observed seismograms to scparate source, path, and local site
cffects. In this method, major controlling lactors of observed
seismograms have clearly physical meaning.

2METHOD

We used the formulation of the inversion by Iwata and Irikura
(1988). Spectral characteristic of observed S-wave motion at j-th
site by i-th earthquake are considered (o consist of three factors of
source, path and local site effects as follows.
Oij(f)=Si(f)-(1IR;;) exp(-xfR;jIQsVs )G j(f) (1)

where Oi j(f); S-wave spectra at j-th site by i-th earthquake,
Si); source spectra of i-th carthguake, Qst/V:quality lactor of
the crust along path, Vs; average shear wave velocity along path,
Rij; hypocentral distance. In order to obtain lincar equations,
Eq.(1) is modificd by taking the logarithm. If seismic motions
and thesc spectra were obtained at J stations by | earthquakes, we
can construct I x J simultancous equations. Then we solved
resulting linear least square problem with inequality constrains
where GjU/ )2 1.0 using the singular value decomposition methad
(Lawson and Hanson, 1974).

3 DATA SETS

Accelerographs that we used have been recorded by scismic net
work array station in Kanto district operating Strong Ground
Observing Project of the Association ol Electric Power
Companies in Japan. Among the earthquake records from 1979 /6
to 1983 / 6, we used two independent data sets according to two
different rcgions. Data setl (KANTO () is for carthquakes
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Figure 1. The map of the epicentral locations used in the
inversion. ( KANTO 1, 2, KINKI )

(M=5.7~7.0) occurred in the southern part and data sc12 (KANTO
2) is for earthquakes (M=5.6~6.6) occurred in the northern part of
Kanto District. Dala set, KANTO! is observed at 4 stations,
SZY, TTY, HMY, CHS. Data set, KANTO 2 is observed at 3
stations, IWK, TMK, CIIS. Only CHS is common 1o two data
sets (KANTO 1, KANTO 2).

In Kinki District we used the accelerogrphs that observed at 4
stations, B, A, S, and R by the earthquakes (M=5.1~6.2) and this
data set is KINKIL. In Fig.1, we show the hypocentral locations by
JMA and the stations in our study.

4 RESULTS OF THE INVERSION
4.1 Qs-value as a function of requency

Fig.2 (a) (b) shows the | / Qs(f)obtained by the invcrsjon as a

function of frequency using data set, KANTOI, KANTO2,
KINKIL. All results of 1 / Qs(/) clearly tend to-decrease with
frequency at high frequency domain. The frequency dependence of

Qs-value is roughly proportional to (frequency)™ than 1.0 Hz,

We find that in Kanto, n is 0.78 and in Kinki, n is 0.5. In Fig.2,
we also plotted relations of 1 / Qs-value and frequency obtained by
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other method. The results in Kanto District are gool agreement
with the results of Aki (1979), Tujiura (1978).

It is interesting that the relation of 1/Qst/Vand frequency show
the extreme values at low frequency domain and this result have
been suggested by Aki (1979). The frequency ol this extreme
value may have important meaning. Assuming the crust is
random medium, this frequency corresponds to the characteristic
crack length (Yamashita, 1990, Matsunami. 1990, Sato, 1987).
When we assumed the crust is random medium, we can use one
dimensional scattering model for explaining the refation of 1/Qs
and /. ( Sato, 1984). Fig.2 shows this theoretical relation of
1/Qs and /' by Sato (1984).

One dimensional scattering theory

G— value “,ﬁ.), - ‘.Sli)lm
- v r's"",’ v A
vag? LA DR et
E - e 04
E ! sy 0x107
w ] s, “em
b "
o Tsujiura (1978)
E d
ROVt
b i)
3 / / C KANTO!
|/ / & KANTO2

g
Frequency(Hz)

Figure 2. (a) Qs-value by the inversion as a function of frequency.
(KANTO 1. 2)

One dimensional scattering theory
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Figure 2. (b) Qs-value by the inversion as a function of frequency.

(KINKI)

4.2 Local site effects

Fig.3 (a) (b) shows the local site cffects obtained from the data
set, KANTO 1, KANTO 2 and KINKI. In data set, KANTOI,
KANTO 2, sitc amplification of CHS station must be the same.
Then we can set site effects of TMK equal 1.0, because
seismograms of TMK is settled up at G.L. -950m and this rock
have Vs=2.8km/sec. Putting local site effccts of TMK is equal
1.0, the other site amplification effects are shown in FFig.3 (a). In
Kinki District (data set, KINKI). We can set site ¢lfect of B equal
1.0, because seisiograms of B station is settled up at the rock
(Vs=2.8km/sec)

Table-1 shows the structure parameters (SZY, T'TY, lIMY, ClIS
) for the theoretical calculation using Hackell's method including
the effects of inelastic attenuations. The results of theoretical
calculation are shown in Fig.3 (a). The sitc effccts by the
inversion agree well with the theoretical amplification factors.
Site S 'in Kinki district is outcropping hard rock site.
(Vs=1.4km/sec), and site R is outcropping weathered rock site.
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Figure 3. (a) The site amplification effects determined by the
inversion, assuming that local site effects of TMK equal 1.0 and
the theoretical amplification factor. (KANTO 1, 2)

frequency(Hz)
Figure 3. (b) The site amplification effects determined by the
Jinversion (KINKI )

Table 1, structure parameters (KANTO 1, 2)

S2ZJ (Syuzenji) TTY (Tateyama)
1) 2) 3) 4) 1) 2) 3) 4)
1 1.4 | 150.] 0.047 1 3.0 100.

2 s.6 | 200.] 0.032 2 4.0 280,

3 4.6 | 300.1 0.019 3 6.9 400,

4 6.9 | 690. 0,006 4 s.9| seo.

s 3.9] 220.| 0.029 s 6.1 200,

6 7.3 | so0.| o.010 6 42.1| o0,

? 3.9 | 160.| 0.043 1 4.0 640,

8 7.3 | 6s0.| 0.007 8| 198.0| 640,

9 4.4 | 200.] 0.021 9 { 2000.0 | 1500.

10 6.7 | 8s0.|0.00s [10 | S000.0 |2500.

1 s.6 | 330.)0.017] |11 | 6200.0 |3100.

12 3.4 | 690. ] 0.006] [12 |14000.0 |3900.

13 2.0 | 400. | 0.013

Y] 10.0 | 6s0. | 0.007

15 211 3%0.10.016/1) layer No.

16 6.0 | 6s0. | 0.007

:: 4.: ::g- °'$§ 2) thickness H(m)
4. . | 0.008

19 s.4 | 800, | 0.00s| 3) S-wave velocity

20 4.9 | 700. | 0.006

21| 200.0 | 700. ] 0.006 Vs (Wsec)

22| 700.0 1450. | 0.002| 4) damping h

23 | 1000.0 {2)00. | 0,001 h=1/20

24| 2000.0 |2500. | 0.001 :

25 | 15000.0 |3700. | 0.001

L26 | 17000.0 |3900. | 0.001




Table 1, structure parameters (KANTO 1, 2)

HMY (Higashimatsuyama) CHS(Chyoshi)
1) 2) 3) 4) 1) 2 3) 4)

1 1.9 300,f 0.019 1 1.3 110. [ 8.070
2 10.6 | 650.| 0.007 2 2.9 | 220.}0.029
b) 9.7 | 1000. | 0.004 bl 2,01 13)0.|0.017
4 13.8 | 700.| 0.006 4 2.2 | 540.{ 0.009
S 10.7 | 900, | 0.00S5 S 0.9 | 450.]0.011
6 4.1 | 450.{ 0.011 6 2.9 [1020. | 0.004
7 27.6 | 750.| 0.006 7 1.3 | 700. | 0.006
8 5.9 | 600, | 0,008 L] 1.9 ]1050. | 0.004
9 14.4 750. | 0.006 9 2.6 | 1400, | 0,003
10 5.9 650. | 0.007 10 282, 1400. | 0,00}
1 14.5 750, | 0.006 1 100.0 {2500. | 0.001
12 179.0 | 750, ) 0.006 12 A500,0 }3100. | 0.001
13 1000.0 | 1500, | 0.002 1) [10600.0 | 3400. { 0,001
14 4500.0 { 3000, } 0,001 14 ]16900.0 | 3700. | 0.00L
151 10600.0 | 3400, | 0.001

16§ 16900.0 | 3700, { 0.001

4.3 Source spectra

Source displacement spectra obtained by the inversion are plotted
in Fig.4 (a) (b) (c). In Fig.4, we lind comer frequency 1o by using
Andrews (1986) method. Source displacement spectra have flat
level at low frequency and have fo and tend to decrease with
frequency, being proportional to (frequency)-2- These results show
that source displacement spectra fit 10 @ 2 molel.
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Figure. 4. The source displacement amplitude spectra determined
by the inversion. (a) KANTO 1
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Figure. 4. The source displacement amplitude spectra determined

by the inversion. (b) KANTO 2
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Figure. 4. The source displacement amplitude spectra determined
by the inversion. (C) KIRKI
In the inversion, we can get propagation puth effects,
expC-nf Ri /QsVS)-Ri jund local site effects, G747 ui cach site,
Then we shall determine source specira using earthquake records
by the equation as follows,
Sit)=[Ri j-expnf Ri 1QsVs G {1} 01 () (D)
Then we determined source spectra by Eq.(2). Specially we
determined seismic moment My, fault area S and siress drop Ao
as follows, )
Mo=4xpV{ g/ Ry -Qy
S=mrl=p(0.28V5/ )2
AO=(7116)My! r
where p : density = 2.7g / cm3 yo ;hypocentral distance,
Ry  radiation pattern=0.63, Vs; shear wave velocity = 3.7km/sec,

& ; the flat level of source displacement spectra at low frequency,
S ; fault area, r; fault radius. /o; corner frequency, Ag ; stress
drop, My ; scismic moment.

Fig.5 shows the relation of My and fo is Kanto District. Fig.6
shows the distribution of stress drop in Kanto District. As the
same, Fig.7, 8 is is Kinki Districl. Seismic moment Mo is
proportional to (corner frequency)3 with some band width in both
Kanto and Kinki District. Then we shall conclude that source
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Figure. 5. The logarithm of seismic moment Mo versus the

logarithm of comer frequency /¢ .(Kanto District)
(Symbols of N, L, J, M, H. I, B, K are shown in Figure 6.)



displacement spectra fit to @7% model in magnitude range 3.9 ~
7.0. But distribution of stress drop is different at the earthquake
regions.
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5 CONCLUSION

In recent years, earthquake records were observed by scismic net
work array systen at many regions. Our inversion mcthod based
upon multi-array data in a local region is very cllicient to evaluate
source effects, propagation path effects and local site clfects using
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earthquake records of these seismic array system. The three major
controlling factors separated by this inversion are good agreement
with the results of other workers by different theoretical methods.

1.~Quality factor Qs of the crust depends on frequency at the
relation Qs S (n=0.73 in Kanto, n = 1.0 in Kinki District,
frequency 2 LOH, ). This relation is explained by one
dimensional scattering model by Sato, 1984.

2. Local site effects nearly depend on the velocity and damping
structures of the the layers at the site.

3. Source spectra fit to o2 models. But stress drop is different
at the earthquake regions.

4. The results of separation show that we must consider the
locality of site, path and source when we predict sirong ground
motion by summing observed small events at the site ( Irikura,
1983, 1986 )
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