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Abstract

The increasing number of structures with long natural periods
(between 3sec and 15sec) makes it necessary to study the strong-
motion characteristics in this period range. The damping coefficient
of these objects is small and it may cause serious damage at the
resonance period. The authors propose the method for estimating the
site amplification factors in terms of period by analyzing the large
number of strong-motion displacement records of the Kita-Mino earth-
quake of August 19, 1961, Japan. The observed spectra corrected for
the geometrical spreading of surface waves and attenuation factor
were compared with the synthetic spectra computed utilizing the
normal mode solution. Good agreement was obtained between observa-
tions and synthetics at the stations close to the epicenter which are
located on the standard crustal structure, so that the difference be-
tween the observed and synthetic spectral amplitudes at the other
stations reflect the site amplification factor. The site amplification
factor, ratios of observed spectra to synthetics, distribute from 0.3 to
14. At certain sites, they strongly depend on period.

Introduction

Understanding the nature of 2sec to 20 sec strong ground motion has
become important for the anti-seismic design of structures, such as big oil
tanks, long-span bridges, high-rise buildings, etc., since they have a natural
period within this range. Considering their economical convenience, the
number of these structures will increase in the future, following the
growth of industry and rapid urbanization.

It is known that both short and long-period strong-motions caused by
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earthquakes contribute to the damage of structures, but the damage due
only to long-period ground motion has hardly been observed. However,
during the Nihonkai-Chubu earthquake (May 26, 1983, M=17.9), oil sloshed
from the big tanks in Niigata, even though the maximum acceleration was
less than 15 cm/sec?, i.e., short-period motion was not significant. As far
as we know, it would be the first experience of only long-period earthquake
motion bringing about the damage. KUDO and SAKAUE (1984) suggested
that the long-period motion was predominant due to the presence of thick,
soft sediments at Niigata.

Although the nature of long-period earthquake ground motion is es-
sentially related to the earthquake source process (OHTA and KAGAMI,
1976), the site effect plays an important role, as will be discussed in this
paper.

OKADA and KAGAMI (1978) determined the amplitude amplification at
the site in Japan for long-period waves (1-10 sec) by treating statistically
maximum amplitudes of the large number of shallow earthquakes (h<60
km, 5.4<M). Their results give an average amplitude amplification at
the specific site but they did not give sufficient information in terms of
period or frequency. The determination of the shakeability at the site as
a function of periods is keenly required, especially for the purpose of anti-
seismic design of long-period structures because of its small damping or
high resonance at the natural period. In other words, a long period
structure has strong selectivity on period or frequency.

It has been recognized that the long-period strong motion is mainly
composed of surface waves (TRIFUNAC and BRUNE, 1970 ; HASEGAWA, 1974 ;
HANKS, 1975; HERRMANN and NUTTLI, 1975a, b; SWANGER and BOORE,
1978a, b; KUDO, 1978, 1980) and that the superposition of normal modes

well approximates the theoretical complete solution (KAWASAKI, 1978;
SWANGER and BOORE 1978a, b; HERRMANN, 1979).

Generally speaking, the focal depth of earthquakes which cause severe
damage is shallow, therefore it is reasonable to assume that surface waves
predominate in the strong ground motion. The excitation of surface waves
is controlled by the underground structure so that, if it is known, the
amplitude amplification factor at the site can be estimated. However, both
shallow and deep underground structures are known in only a few areas,
so we have to turn to some other methods for determining the site ampli-
fication factor for the whole area of Japan. By analyzing sufficiently large
number of data from one earthquake, we will try to estimate the site
amplitude amplification factors in the period range from 3sec to 15 sec.
In order to extract the site amplification factor from observations, the
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effect of the source radiation on the observed amplitudes was excluded
assuming the observed waves were composed of surface waves.

Data

The strong-motion seismograms of the Kita-Mino earthquake of August
19, 1961, were analysed. The epicenter of the earthquake was located near
Haku-san in Central Honshu, Japan. The 45 displacement records of the
JMA network over Honshu and Kyushu were available. The natural period
(To), the damping constant (h) and the static magnification (V) of the strong-
motion seismographs are 5-6 sec, 0.5-0.6 and 1, respectively. Fortunately,
seismograph constants were well determined, thus we could perform the
instrumental response correction. The digitization of the provided data
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Fig. 1. An example of JMA strong-motion records of the Kita-Mino
earthquake (August, 1961) showing the significance of the site effect
on seismic wave amplitude and period.
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was conducted by H. Kawasumi and arranged for the computational con-
venience by SATO and SHIMA (1978). The digitization was conducted at
the interval of 0.2 sec and the arc correction was performed. The wave-
forms are shown in Appendix I.

As an example, the observed seismograms at different epicentral dis-
tances are shown in Fig. 1. The first thing to notice is that the observed
amplitudes increase with the epicentral distance and the long-period waves
predominate at Tokyo. This suggests that the local effect on seismic waves
is significant. The sites such as Nagoya, Osaka and Tokyo are the sites
where thick alluvial or diluvial deposits are found. With this in mind, it
is our intention to determine the amplitude amplifications at such locations.

In order to determine the amplification factors at the locations where
the strong-motion records were available, we divided our work into two
steps:

In the first step, the amplitude amplification factors at the site were
obtained for the observed values.

In the second step, we determined the amplitude amplifications at these
sites after eliminating the effect of the source by comparing theoretical
and observed amplitudes corrected for the distance and attenuation coeffi-
cient, as is presented in Fig. 2.

Determination of the Amplitude Amplification Factor

at the Site as the Function of Period

OBSERVED THEORETICAL
1 1

Fourier Spectral Amplitudes Fault Model - Structure Model

Regression Line Analysis
Synthetic Surface Waves

Ampl. Dev. Factor - Attenuat. Coeff.
|
Amplitude Amplification Fac.

| Theoretical Spectral Amplitudes

Corrected Observed Spectral Amplitudes

Comparison
|

Site Amplification Factors

Fig. 2. Flowchart of the analysis.
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Spectra

The spectral amplitudes were computed using the FFT method and
the standard Hanning window was applied. The instrumental response was
removed and the results are shown in Appendix II. At some stations
prominent peaks were found at certain periods. For example, at Nagoya
(r=100km) or Osaka (=190 km), the extremely high values were regis-
tered at periods of 3sec and 4-5 sec, respectively, almost 10 times larger
than the amplitudes at Takayama (r=47km). At Tokyo, however, the
maximum amplitude was observed at 10sec. Considering the damage
caused to the oil plant during the Nihonkai-Chubu earthquake, it would be
interesting to obtain the amplification factor at Niigata but, unfortunately,
the seismogram was not available.

Attenuation

The amplitude amplification factor at the site for different periods in
case of the Kita-Mino earthquake was obtained as the spectral amplitude
deviation from the standard attenuation curve determined by regression
line analysis, in the following manner.

Considering the fact that the focus of the Kita-Mino earthquake was
shallow (h=2km, KAWASAKI, 1978) the observed waves should be
mainly composed of surface waves, we assumed geometrical spreading
for surface waves and the following form of the amplitudedistance
dependence :

A=A"exp(—ar) vV r

where A=amplitude spectrum; A’ =constant; r=epicentral distance and
a=attenuation coeflicient.

In general, the attenuation coefficients of Rayleigh and Love waves
would not be the same. However, our aim is not to obtain the exact at-
tenuation coefficients but to determine the site amplification factor. For
simplicity, the square root of the sum of the power spectra of two hor-
izontal components is used as the spectral amplitude at the site. The data
on both horizontal components were available for 39 stations. Vertical
component was excluded from the analysis because it was missing at some
stations and it is less significant than the horizontal ones from the eng-
ineering point of view.

After performing correction for geometrical spreading, the spectral
amplitudes vs. epicentral distances were plotted for every period from
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Fig. 3(a). Observed spectral amplitudes corrected for geometrical spreading vs. epicentral
distance, as a function of period. The straight lines are determined by regression
line analysis.




Distribution of Ground-Motion Amplification Factors 473" -

T=10sec
3 — e 3
hd o
© sss e -
S 3
82 —* - ——f———— S 2
® — w
g = 8
z
o - 0 0 §
g E
L :
g — g
o
o 4 i o
"’ I — &
I
o ©
= ‘ ’ S
o 200 400 600 800 o 200 o poos o
EPICENTRAL DISTANCE (k) EPICENTRAL DISTANCE (KM)
T=12sec T=13sec
3 = T T — — 3 —
. _
R ° | ~
g 2 = = g2
® = H @
z d — == e 3
b e
! S
z o
%
z e < e e e e
=] & = 3
<3 = p—— — —
o o
o o
& 2]
&
o
g, \ il g
0 200 400 600 800 o 200 400 600 800
EPICENTRAL DISTANCE (KM} EPICENTRAL DISTANCE (KM)
T=14sec - T=1Ssec
3 3
: + } i
i i
I . i
2 * ®
DRI P
2 0 2

LOG SPCTR.AMPL. (CM-SEC)
LOG SPCTR.AMPL, (CM-SEC!

o 200 400 800 800 0 200 400

EPICENTRAL DISTANCE (KM) EPICENTRAL DISTANCE (XM)

Fig. 3(b)

3 sec to 15sec, as is shown in Fig. 3. The straight lines determined by
regression line analysis give an average value at a distance and the in-
clination of the line gives the apparent attenuation coefficient. The devia-
tion from the average represents the shakeability at the site. Large devia-
tions are found at Nagoya, Osaka, Saga and Oita in the period range from
3sec to 5sec and at Tokyo on periods longer than 7 sec.

The ratios of observed amplitudes to their average with respect to
epicentral distances were classified into 6 classes. They are: less than 0.38;
between 0.38 and 0.75; between 0.75 and 1.5 (standard); between 1.5 and 3;
between 3 and 6; greater than 6. Thus classified amplitude amplification
factors are plotted on the maps and are shown in Fig. 4 at periods of 3 sec
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Fig. 4. The apparent site amplification factor determined from the observed data
at different periods (3sec and 10 sec).

and 10sec. The first thing to notice is that the amplitude amplification
factors of adjacent sites differ more than 2 classes. For example, the
factor of Osaka is 6 times greater than the ones of Nara and Kobe at a
period of 3 sec.

If one compares the values obtained for different periods at the same
site, the dependence of the amplitude amplification on the period is ap-
parent. In the case of Osaka, the amplification factors determined for the
periods of 3sec and 10 sec differ more than two classes. The big difference
is also observed at Tokyo, Yokohama, Nagoya and Saga.

Therefore, it can be concluded that the amplitude amplification factor
at the one and the same site depends greatly on the period. However, as
the amplitude of ground motion depends not only on site conditions, but
also on the radiation pattern of the source and the propagation path, the
above results give us a rather rough understanding of the shakeability at
the site. If we analyse the data of a number of earthquakes similar to
these discussed in the present paper, it would be possible to determine the
amplitude factors at the sites as an average, disregarding the source effect.
As it is still a rare case to find such a multitude of applicable data, we
attempted to solve the problem by eliminating the source effect from the
Tesults.
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Synthetics

In order to eliminate the source effects from the observations, both
source and structure models were reexamined with the results of KAWA-
SAKI (1975) as the basis. Using seismic and geodetic data, he obtained the
fault model of the Kita-Mino earthquake as is shown in Table 1. To deduce
the fault model, he compared the synthetic waves computed from the
complete solution for semi-infinite medium with the strong-motion dis-
placement records and obtained a good matching in the portion of the
earlier arrivals of S-wave first cycle. However, his approach may underes-
timate the observations at the later arrivals. This is caused by the dis-
regard of vertical heterogeneities of the surface structure. Therefore, dis-
persive surface waves should be taken into account.

Far-field spectral amplitudes of horizontal Love and Rayleigh waves
for a point double couple force can be written as (HARKRIDER, 1970),

Ulw)=S(0)kX(8, h)E exp [ —i(kr+3z/4)) v/ 22r

where S(w)=spectral source function; X(4, h)=radiation pattern function;
E=¢Ark " for Rayleigh waves and E=A4,k'* for Love waves; g=sur-
face elipticity; Ar and A,=amplitude responses of Rayleigh and Love
waves; k=Love or Rayleigh wavenumber; 6=azimuthal angle measured
counterclockwise from the strike direction to the station; h=focal depth
and r=epicentral distance.

Table 1. Fault-Model of the Kita-Mino earthquake of August 19, 1961
(KAWASAKI, 1975).

Fault the Hatogayu-Koike Fault

Origin time 1961, Aug. 19, 14h 33 m 32.8sec (JST)
Epicenter E136°44’, N36°05’

Focal depth 2km

Fault plane Dip direction N55°W

Dip angle 60°
Slip angle of hanging wall 130° (Right lateral, reverse)

Fault length 12km

Fault width 10 km

Rupture velocity 3.0km/sec: Unilateral
Average dislocation 2.5m

Rise time 2 sec

Velocity of fault motion 60 cm/sec

Seismic moment 0.9%x10% dyne. ecm
Stress drop 160 bars

Strain energy released 1.7x10*%ergs
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Synthetic seismograms were obtained by the inverse Fourier transform.
Three stations, Takayama, Gifu and Tsuruga were chosen for the com-
parison between observations and synthetics to verify the source model
and to determine the standard structure model. These stations were con-
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Fig. 5. Comparison between synthetic and observed seismograms at Takayama.
Gifu and Tsuruga.




Distribution of Ground-Motion Amplification Factors

477

venient for checking the radiation pattern or the source model as they
surround the epicenter and their site amplification factors were close to the
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standard determined by OKADA and KA-
GAMI (1978). In the computation of
synthetic seismograms, a cosine-taper
band-pass filter (0.017-0.5 Hz) was applied
in frequency domain and the seismograph
correction was also performed. The best
matching between the observations and
synthetics was obtained when the unila-
teral rupture mode of Kawasaki’s model
was changed into a bilateral one, L,
(north-east portion)=4 km and L, (south-
west)=8km. It was not necessary to
modify the other fault parameters. The
appropriate structure model is shown in
Table 2 where the low-velocity layers
cover the crustal structure.
structure model is given by KUDO et al.
(1978).
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Table 2. Structure model adopted for the computation of
synthetic surface waves.

No Layer Vp (km/sec) Vs(km/sec) |Density(g/cm?) H(km)
1 3.5 1.5 2.2 1.0
2 4.5 2.5 2.3 1.0
3 5.5 3.0 2.5 3.0
4 6.0 3.7 2.8 15.0
5 6.8 3.9 3.0 10.0
6 8.0 4.3 3.3 o

synthetic and observed spectral amplitudes are shown in Fig. 6. The
matching between synthetic and observed waveforms for the stations
selected as standard was fair, i.e., the synthetic spectra did not differ more
than twice from the observations, roughly speaking. This can be considered
as satisfactory. In Fig. 7, the observed and synthetic amplitude spectra at
Toyama were presented as an example of poor matching, suggesting thick
sedimentary layers at the site.

Determination of the Amplitude Factor at the Site

As we have seen, both source and site significantly influence the ob-
served waves. In order to exclude the source effect from the observations,
as a first step, the waves should be equalized to a certain distance. TFor
this purpose, the attenuation coefficient has to be taken into account. Pre-
viously determined attenuation coefficients (using all data) were strongly
influenced by the deviated values and they do not necessarily reflect the
standard attenuation. Therefore, we redetermined the attenuation coefficient
as a function of period excluding the data that deviate more than 3 times
or less than 0.38 times from the standard attenuation curve, as well as the
data at epicentral distances less than 100 km. Attenuation coefficients thus
obtained are shown in Table 3. CHENG and MITCHELL (1981) obtained
similar values of attenuation coefficients in the USA using Rayleigh waves.
Although our result is obtained from a rather rough analysis, it is inter-
esting to note that attenuation coefficients in the crust of Japan and those
in the continent of North America are close to each other.

Using these attenuation coefficients, the observed spectral amplitudes
were equalized to a distance =100 km and compared with the theoretical
ones (the square root of the sum of Love and Rayleigh waves power
spectra). The deviation of the observed spectra from the theoretical one
should reflect the site amplification factor when the source effect and attenua-
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Table 3. Attenuation coefficients at different periods.

479

p(‘;glc")d a (km-?) p(:l;‘c‘))d « (km=) p{;lgco)d « (km-1)
2 0.00322 7 0. 00101 12 0. 00046
3 0.00338 8 0.00076 13 0.00028
4 0. 00249 9 0. 00051 14 0.00023
5 000299 10 0. 00051 15 0. 00005
6 0.00230 1 0. 00035 16 0. 00002
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Fig. 8. Distribution of the ground-motion amplification factor at different

periods, in Japan.
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Table 4. Site amplification factors as a function of period, in Japan.

period
\ 3 4 5 6 7 8 9 10 11 12 13 14 15
site

Takayama 0.66]0.6810.84(1.7811.26{0.9910.91{0.88{0.94]0.99|0.94| 0.99 {1.03
Gifu 1.13{1.21(1.41{0.9810.77|0.69{0.75]| 0.83] 0.91] 1.07| 1.23] 1.38 | 1.50
Tsuruga 0.54)11.09} 1.03] 0.83) 0.56) 0.54] 0.58] 0.58| 0.53] 0.51| 0.54| 0.66 |0.75
Toyama 5.8315.02|3.52[5.69]8.01[11.13|8.53|5.10| 4.53 | 5.56| 6.14| 6.10 {5.74
Hikone 2.1010.87|0.92]0.63[0.53]|0.63|0.64| 0.60| 0.58| 0.58| 0.59} 0.60 | 0.65
Nagoya 8.52| 2.11| 1.38} 1.06| 0.77{ 0.68| 0.63| 0.68} 0.79| 0.96{ 1.05| 1.14 [ 1.17
Matsumoto 0.82| 1.49| 1.52| 3.39| 1.46( 1.45{ 1.48{ 1.43] 1.54| 1.70| 1.64| 1.60 | 1.35
Kameyama 3.391 2.24) 1.541 1.26] 0.38| 0.62] 0.47{ 0.36] 0.37} 0.59{ 0.82| 0.96 | 1.03
Maizuru 0.44} 0.49| 0.50) 0.33) 0.38} 0.43] 0.44] 0.42] 0.40] 0.43] 0.46| 0.51 | 0.55
Nagano 1.70) 1.80| 3.52| 2.65( 3.151 2.40 | 2.08| 2.10| 2.10| 2.24| 2.37{ 2.28 { 2.11
Nara 1.12] 0.96| 1.64] 0.81}0.98| 1.04{1.09| 1.13] 1.08| 1.15} 1.11}| 1.08 | 1.01
Takada 1.2211.40} 2.95{ 5.06| 3.80| 3.48 | 3.60 2.41| 2.08| 2.66] 2.79| 3.01 | 3.16
Osaka 14.57(10.03 | 3.41 | 1.7810.83 0.61 | 0.57 1.03| 1.19{ 1.22| 1.34| 1.65 | 1.96
Shizuoka 1.45| 0.66) 0.68] 0.85]| 0.94} 1.23] 1.23| 1.20] 1.22} 1.36] 1.38} 1.40 | 1.30
Funatsu 1.80] 0.68] 1.55] 0.71] 0.72} 0.85 0.78| 0.98} 1.09| 1.30{ 1.45| 0.51|1.45
Kobe 1.19} 1.37| 1.45| 1.42| 1.04| 1.18] 1.28] 1.28] 1.14| 1.11§ 1.07| 1.14 [ 1.22
Omaezaki 2.62] 1.00] 1.29} 1.17} 2.23| 3.19| 3.27| 3.05| 2.89| 2.93| 3.01| 3.31|3.52
Maebashi 3.51| 2.16] 3.09| 4.80( 3.40| 2.26| 2.13] 1.73| 1.40{ 1.43( 1.32| 1.46{1.36
Kumagaya 2.65) 1.44| 4.31| 5.14| 4.06] 3.49| 3.51| 2.02| 1.66| 2.65| 3.07] 3.47 | 2.77
Wakayama 0.26} 0.45} 0.98] 0.97] 0.70] 0.66] 0.60| 0.58| 0.75| 0.94] 0.94] 0.98 | 1.04
Nagatsuro 1.10] 0.38} 0.54] 0.89| 0.73| 0.67| 0.63| 0.69] 0.68| 0.82| 0.94| 1.05|1.11
Sumoto 0.62f 1.20{ 1.62| 0.65| 0.50| 0.58| 0.55{ 0.73| 0.78] 0.77| 0.70| 0.64 | 0.60
Yokohama 3.53] 2.67| 4.31( 3.36] 2.28] 1.91| 2.49| 3.35| 3.89| 5.00| 6.51| 7.10 [ 6.82
Tokyo 3.21( 2.32| 9.59{14.40( 5.90] 8.65(11.18(13.88{11.94(11.01{11.99{11.42 ] 9.82
Oshima 1.34| 0.81) 0.45| 0.42] 0.45) 0.87] 1.26] 1.37] 1.19} 1.22} 1.22| 1.321.39
Utsunomiya | 0.75] 0.57| 0.93| 2.46| 1.24| 1.19] 0.98| 0.81| 0.85] 1.12| 1.35| 1.63 | 1.58
Tokushima 0.56] 0.52) 1.1271.09( 1.21] 1.22) 1.34| 1.64| 1.68| 1.65| 1.42]| 1.27 | 1.17
Saigo 0.27] 0.39] 0.17| 0.42| 0.18] 0.18] 0.22] 0.49| 1.09{ 2.28| 2.93| 3.32 [ 3.29
Takamatsu 0.60{ 0.64| 0.65] 0.70} 0.44] 0.56| 0.60( 0.47| 0.41{ 0.50| 0.54| 0.63 | 0.68
Yonago 0.23] 0.28( 0.41] 0.79] 0.89| 0.97} 0.81] 1.21} 1.57| 2.06] 2.47] 2.63|2.49
Shirakawa 0.53] 0.25| 0.59]1.02] 0.76] 0.59| 0.73] 0.81] 0.83| 0.93] 0.96| 1.02 | 0.97
Murotomisaki 1.27| 0.92} 1.81| 2.77| 4.12} 5.21| 4.48]| 4.22| 3.33! 3.25| 3.06| 3.24 | 3.32
Sakata 2.54| 1.91} 3.88| 4.01| 4.44| 4.09| 2.70| 2.55| 3.36{ 4.41{ 4.33| 4.29 | 3.92
Sendai 0.64] 0.354 0.62|1.10{ 0.74| 0.60| 0.56| 0.56| 0.56( 0.74| 0.89! 1.00 [ 1.03
Shimizu 0.92{0.65{ 0.95[0.66| 0.51 0.580.56|0.76] 0.84( 1.00| 1.01; 1.09 | 1.12
Oita 2.56]2.44) 4.17 {3.732.32|3.87]2.73]2.26] 1.71] 1.63| 1.41| 1.88 | 1.20
Shimonoseki | 0.40| 0.16| 0.41| 0.48| 0.31] 0.44| 0.45| 0.71| 0.98| 1.24] 1.08| 1.04 | 0.91
Saga 8.65] 8.05| 4.68|2.67| 0.76] 0.61|0.54|0.61| 0.58| 0.69| 0.66] 0.8 | 0.62
Unzendake 0.78] 0.89] 1.1211.08| 0.46{ 0.58 [ 0.69 | 0.75] 0.57{ 0.60| 0.64 | 0.80 | 0.80
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tion are excluded from the observations. These deviations, that is, the site
amplification factors as a function of period are presented in Table 4. They
are classified into 6 classes, as previously defined, and plotted on the maps
(Fig. 8).

If one compares the results obtained by removing the source effect
with those where the correction for source effect is not performed, the
difference is apparent, as can be seen from Fig. 9. The significant differ-
ence (2 classes) in the values of site amplification factors at the period
of 5sec can be observed at Tokyo, Yokohama, Maebashi, Nagano, Takada,
Sakata, Oita, etc.

Comparing our results at a period of 5sec with Okada and Kagami’s
(Fig. 10), we can see that the patterns of site amplification factors closely
resemble each other. Considering the instrumental response of JMA seis-
mographs (7T,=5-6sec) whose records were used in their analysis, it is
reasonable to conclude that their results reflect the ground motion mainly
at periods shorter than 6sec. As these results are based on statistical
analysis of large numbers of earthquakes, they give an average value.
Therefore, the fact that the pattern of site amplification at a period of
5sec in our results conforms with the results of Okada and Kagami leads
us to the conclusion that the method introduced in this paper is satisfactory,
even though the data from only one earthquake were used.

However, in a more detailed discussion, let us pay attention to the

DISTRIBUTION OF THE
SITE-AMPLIFICATION FACTORS

T=5sec

Amplitude Deviation
T=5sec

6 <@

3 <@<6

1.5<®<3
75<9<1.5
38<0 < .75

o< .38

TFig. 9. Comparison of the apparent amplification factor of the observed
data (a) and the amplification factor at the same site when the source
effect is removed (b).
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® 20- s)\ following :
® (5-~20 o 040 First, in the case of wide alluvial
* 10~15 oﬁ’\ e plains, such as the Kanto plain, the possible
° 087~1.0 Cozﬂ ~ difference in the propagation paths, de-
© ©050~067 L Je} pending on the hypocenter location, should
© o0 ./’ SOO be considered. It would be necessary to
Og °°'§° determine the underground structure and
{{’,,.o/. l analyse the data of more than one earth-
o L E, oua quake to obtain realistic results of site
o Ol feed¥ amplification factors.
O ) .
év”\g o~ N Second, the sites where JMA instru-
e o .
vl 0  200km ments were located are not necessarily
“.%J representative of the soil conditions at the
éh

area. To understand the shakeability at
the construction site, the comparative
observation and analysis of ground motion
at the JMA instrument location and the
site, are necessary.

Third, the spectra at long distances, e.g. Sakata and Miyazaki, are less.
precise than those at short distances because the digitization was not con-
ducted for the late arrivals.

The final result—site amplification factors—presented in terms of classified
shakeability, are plotted and shown in Fig. 11. At Osaka and Nagoya a high
amplification is expected in periods of 3 sec to 4sec, but a standard value
should be expected at longer periods. In the case of Tokyo, however, a
high amplification should occur at periods longer than 5 sec.

Fig. 10. Point-by-point amplitude
amplification at long periods
obtained by Okada and Kagami
(1978).

Concluding Remarks

In view of the possible damage to the long-period structures due to
earthquake strong-motion, we proposed the method for determining the
amplitude amplification factors at the given sites for different periods. As
strong-motion data of the large number of earthquakes are still not readily
available, the attempt is made to solve the problem by using a sufficiently
large number of data from one earthquake, taking into account the source
effect.

The deviation of the spectral amplitudes from the standard attenua-
tion curve was determined for the observed values. The theoretical am-
plitudes were computed for the given source and underground stucture
models and compared with the observed ones corrected by the epicentral
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Fig. 11. Ground-motion amplification factors at the locations in terms of period.
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distance and attenuation coefficient. 1t is found that the site amplification
factors deviate in a wide range and they depend strongly on period at
some sites. The azimuthal variation of the observed waves depends on
the source radiation pattern to the significant degree. The correction for
a source effect yields the difference in the values of site factors up to 2
or even 3 times from the uncorrected ones. Finally, the site amplification
factors sometimes differ more than 10 times from the standard value.
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Seismic coefficients presently used for engineering purposes in mainland
Japan are 0.8-1.0. According to our results, in the case of large earth-
quakes, this might not be a proper value, at least for long periods.
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Appendix II. Fourier Spectral Amplitudes of the JMA Strong-Motion Records

of the Kita-Mino Earthquake, August 19, 1961.
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