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ABSTRACT

In this paper, we try to evaluate source effects, propagation path effects in
connection with the geometical attenuation and anelasticity (Q-value) as well
as local site effects in frequency domain from S-wave of accelerograms
observed in the rock. If seismic records and these spectra are obtained at
several sites by different earthguakes, we can construct the simultaneous
logarithmic equations with the unknown quantities such as source spectra, Qs-—
value and local site amplification effects. To solve these equations, we used
linear inversion method setting up the criterion that local site effects have
a factor of more than 1.0. This method is examined by using two data sets:
one is obtained from the earthguakes M=5,7-7.0 at four stations (SZJ, TTY,
HMY and CHS) and the other is obtained from the earthquakes M=5.6-6.6 at
three stations (TMK, IWK and CHS). Only one station (CHS) is common to two
data sets. Irom this inversion, we can become clear three results, (1) Qs-
value of crust obtained by the inversion as a function of fregquency is good
agreement with those obtained by other workers with different methods. (2)
Local site effects by the inversion agree well with the theoretical site
amplifications by Haskell's method. (3) Source spectra by the inversion fit
to the characteristics of W “° model in magnitude range M=3.9-7.0., The relation
of seismic moment and corner freguency is differnt at the earthquake regions.

1 INTRODUCTION

Many statistical analysis of strong motion spectra have been carried out by
many workers throughout the world. Most of them were based on the multiple
regression models in which the characteristics of the strong ground motion is
assumed to vary lineary or logarithmic lineary acording to the explanatory
variables such as magnitude and epicentral distance,etc. On the other hand,
several authors (Papageogilou and 2ki,1983; Andrews,1982) have tried to analyze
observed seismograms to separate source and path effects., In this method,
major controlling factors observed seismograms have clearly physical meaning.
Iwata and Irikura (1988) have extended Andrews' method to consider both sS-
wave attenuation throughout propagation path and the local site effects at
each station. Many workers have analyzed source, path and site effects,
Source spectral models such as thetn_znmdel (Aki1,1967), multi-crack model
(Papageorgiou and Aki,1983) were used Lo classify the source spectra obtained
from the observed seismograms. Anelasticity of the crust (Qs-value) have been
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studied by the single station method with $-coda wave (Sato and Matsumura,
1980; Aki,1980; Tsujiura,l978). Local site amplification effects have been
studied by multi-reflection method (Haskell's matrix method).

2 METHOD

We used the formulation of the inversion by Iwata and Irikura (1988). Spectral
characteristics of observed S-wave motion at j-th site by i-th earthquake are
considered to consist of three major controlling factors of source spectra,
propagation path effects of attenuation by geometical spreading and by
damping characteristics and local site amplification effects as follows,

Qi (£)=8i(f): (1/Rij)-exp (-WLR1j/Qs (£)Vs)- GJ (L) (1)
where 017 (f), observed S$~wave spectra at j-th site by i-th earthquake; Si(f),
seismic source spectra of i-th earthguake; Qs(f), gquality factor of the crust
along path; Vs, average shear wave velocity along path. In order to obtain
linear equations, Eg. (1) is modified by taking the logarithm;

log0®ij (£)==logRref+logsi (£) -~ (loge)TERi1]/Qs () Vs+logG] (£) (2)
where 0'1j (f)=(Rij/Rref) 0ij(f) and Rref is the arbitary normalized distance.
Tf seismic motions and there spectra were observed J stations by I
earthquakes, we can construct [XJ simultaneocus equations, We shall determine
at each frequency unknown values as follows,

I (source spectra) + J (local site amplifications) + 1 (Qs=value)
Because this simultaneous equations have [xJ equations and I+J+1 unlknown
values, we solved resulting linear least squares problem with inequality
constrains where Gj(£)21.0 using the singular wvalue decomposition method
(Lawson and Hanson,1974).

3 DATA SETS

Accelerograms have been recorded by seismic net work array stations in Xanto
District operated Strong Ground Observing Project of the Association of
Electric Power Companies in Japan. Among the earthquake records from 1979/6 to
1983/6, we used two independent data sets acording to two different regions.
Fig. 1 shows the hypocentral locations by JMA and the stations used in our
study. Symbol (o) in Fig. 1 are for earthquakes occured in the southern part
of Kanto District with M=5.7-7.0 recorded at four stations; $2J (Shuzeniji),
TTY (Tateyama), HMY (Higashimatsuyama), CHS (Chyoshi) (data set-1), the other
symbol (A) are in the northern part with M=5,6-6.6 recorded at three stations
: TMK (Tomioka), IWK (Iwaki) and CHS (Chyoshi) (data set-2). Only CHS is
common to two data set of 1, 2. Strong motion accelerometers of SZJ, TTY . .and
BHMY were installed at G.L.-100m and in the rock S-wave velocity Vs=0.7~0.8
km/sec, CHS at G.L.-18m in the rock Vs=1l.4km/sec, TMK and IWK at G.L.-950m
and -330m in the rock Vs=2.8km/sec.

The procedure of obtaining Fourie amplitude spectra in data set of 1,2 is
as follows., We analyzed the S=wave portion of the two herizontal components
(NS and EW components). The S-wave portion is defined Dobry,Tdriss and Ng
(1978), Thus, from observed accelerations of two horizontal components, we
took filter (high pass filter of frequencyz5.0Hz) and calculated arias
intensity I, and root mean square r.m.s. oOf acceleration. Fig. 2 shows the
relation of I,, r.m.s. and time. We divided the time from I, =2% to 95% by the
least squares method (Anderberg,l1973). The S-wave gortion is the part of max.
r.m.s. acceleration or the part of max. inclination of I,. We analyzed the s~
wave portion and calculated Fourie amplitude spectra. Fourie spectra 0ij (f)
for the inversion were obtained by the vectorial summation of the horizontal
components,
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4 RESULT OF THE INVERSION intensity I znd r.m.s, acceleration

4.1 Qs-value as a function of fregquency

Fig. 3 (a) shows the 1/0s(f) obtained by the inversion as a function of
frequency using data set 1 of the southern part of Kanto District. Fig. 3(b)
shows the result using data set 2 of northern part. Both results of 1/Qs(f)
clearly tend to decrease with frequency and have nearly same value than 1.0Hz.
The frequency dependence of Os-value is roughly proportional to (frequency)0.78
than 1.0Hz (thus, Qs=100f ° 8)In Fig. 3, we also plotted relations of 1/0s~
value and frequency obtained by other method. The resules are good agreement
with the results of aki (1879) ,Tsujiura (1978) in Xanto District., It is
interesting that the relation of 1/0s(f) and freguency shows extreme values

at low freguency domain and this result have been suggested by aki (1979).

The freguency of this extreme value may have important meaning, Assuming the
crust is random medium, this frequency corresponds to the characteristic crack
length (vamashita,1990, Matsunami,l990).
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Fig. 4 (a) shows the local site z . -
effects obtained from data set o Tsujiura (1978) =

’ D
1 and (b) shows the result o C
obtained from data set 2, The I S0 ?
site amplification of CHS station = 3 &5 -
in data set 1, 2 must be the T "
same in Fig. 4, Put?ing local 4 Qla) 0 ; data set 1 Ez
site effect of TMK is equal S OAb) 4 data set 2 : ] =
1.0, the other site amplification -~ J B
effects are shown in Fig., 5. - Aki (1979) -
Table 1 shows the structure ) e
arameters (5273, TTY, HMY and = T T T T T
E s e gt ' o hof

CHS) for the theoretical
calculation using Haskell's
method including the effects of Fig. 3 Qs-value by the inversion as a
inelastic attenuations. The function of frequency.

results of theoretical calculation are shown in Fig, 5. The site effécts by
the inversion agree well with the theoretical site amplification Factors.

frequency(iHz)
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572J (Syuzeniji) TTY (Tateyama)
1 2) 3 4) 1)y 2) 3)  4)
1 1.4 | 150.77 0.0a7 1 3.01 100. ] 0,080
2 5.6 | 200.1 0.032 2 4.0 280. | 0,021
3 4.6 § 300,] 0.019 3 5.9 400. | 0.013
4 6.9 | 690.] 0.006 4 5.9] s60.{ 0.008
5 3.9 1 220.] 0,029 5 6.1 1 280. 4 0.021
6 7.3 | soo0.| o.o10 6 42.1] €00.} 0.008
7 3.9 1560.§ 0.043 7 4.0 640 0,007
8 7.3 | s50.] 0.007 8] 198.0{ ed0. | 0.007
a 4.4 280 0.021 9 2000,0 | 1500 0,002
10 6.7 830 0.005 10 5000.0 § 2500 0.001
1 5.6 { 230.40.017| {11 | e2co.0 {3100, | 0.001
iz 3.4 630 0.006 12 }140C0,0 § 3900, j 0.001
13 2.0 | 400.{ 0.013
14 10.0 ] 650. | 0.007
15 2.1 350 0.016 l) layer No.
16 6.0 | 650.1 0.007 ’
17 4.0 1 850. 1 0.0051 2) thickness H{m)
13 4.6 600, | 0,000 .
19 5.4 ] s00. [ 0.005|3) S-wave velocity
20 4.9 700 0,006 Vg (m/s@c)
21 F 200.0 | 700. | 0.006 . )
22 | 700.0 {1450. [ 0,002{4) damping h
23| 1000.0 {2200. | 0,001 h=1/20
24 2000.0 {2500 0,001 -
25 | 15000,0 {3700, | 0,00]
26 |} 17000.0 | 3900 0,001
IMY (Higashimatsuyama) CHS (Chyoshi.) I
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[ 4.1 450 0,011 [} 2.9 41020 0.004 )
7 27,61 750.} 0.006 7 1.3 | 700. [ 0.003
8 5.9 500, | 0,008 a8 1.9 | 1050. | ©0.004
9 14.4 { 750.| 0.006 9 2.6 | 1400. | 0.003
10 s.o 50, 0.007) |10 | 282.01400.]|0.003
11 14.5 | 750.{ v.ooe} |11 | 100.0 2500, | 0,001
12y 179.0] 7%0.]o0.c06f |12 | 4500.0 |3100. 0.001
13 1000.0 § 1500 0,002 13 §10600.0 | 3400 0.001
14 4500.0 § 3000 0,00] 14 }16900.0 | 3700 0,001
151 10600,0 § 3400 0.001
16| 16900.0 | 37c0. § 0,001
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determined by the inversion and the
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4.3 Source spectra

Source displacement spectra obtained by the inversion are plotted in Fig. 6 (a)
data set 1, (b) data set 2,putting local site effect of TMK eqgual 1.0. In Fig.
6, we showed corner frequency f, by using andrews(1986) method. Source E
displacement spectra have Flat level at low frequency and have fg and tend to
decrease with frequency, being proportional to £frequencyf . These results
show that source displacement spectra fit to W< model.

In the inversion,we can get propagation path effect, exp(-mfRij/QsVs) /RiJ
and local site amplification effects, GJ (f) .at each site. Then we shall
determine source spectra using the earthquake records from 1979/6 to 1963/6 by
the eguation as follows,

Si(f)a[Rij=exp(—WfRij/Qs(f)Vs)/Gj(f)]roij(f)
Fig. 7 shows the hypocentral locations by JMA from 1978/6 to 1983/6,
We plotted hypocentral location by alphabet symbols at each earthquake region,
Then we determined source spectra using =Zg. (3). Specially we determined
Seismic moment as follows,

MCF4jﬁVSJI/R¢-Qo
wherejﬂ; density =2.7g/cm3, r; hypocentral distance, R¢; radiation pattern
0.63, Vs; shear wave velocity =3.7km/sec, Q4 the flat level of source
displacement spectra at low frequency. On the other hand, we determined
corner frequency by Andrews® method. Fig. 8 shows the relation M, and corner
frequency f, at each earthqguake region (see Fig. 7). Seismic moment My is
proportional to (corner frequency) with some band width. We can say that M,
-fo relation is different according to tine earthquake regions, roughly divided
into northern part (K, H and T regions) and southern partc (B, L and N regions)
in Kanto District, Then we shall conclude that source displacement spectra
fit to w2 model in magnitude range 3.9~7.0 and differ for each region ,

(3)
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5 CONCLUSION (1979-1983) )
I """" CORERR ! “} T
In recent years, earthgquake records were 1o rr”u;iﬂﬂﬂ
observed by seismic net work array system
. . . ] T i il '
at many reglons, Our inversion method Fig. 8 The logarithm of M. versus

based upon multi-array data in a local the legarithm of £,

region is very efficient to evaluate source effects, propagation path effects
and local site effects using earthguake records of these seismic array system.
The three major controlling factors separated by this inversion are good
agreement with the results of the workers by different theoretical methods.
we predict the strong ground motion at the site,we must consider local path
effect and characteristic local scaling law (local relation of seismic moment
Mo and cornor freguency fo,or seismic moment Mo and fault area S:ﬂrz,r:0628X
Vs/fo). Then we can predict strong ground motion summing small events recorded
at the site with w-2 scaling law (Irikura,1983)
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