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On the problems with respect to long period strong motion in earthquake engineering

= & & 55
NAGAHASHI Sumio

The nineteenth symposium on the ground vibrations is held with the subject on long period earth-
quake strong motion. This subject has been discussed several times in the past symposiums since the
first symposium in 1972. Especially, in the twelfth symposium in 1984 with the subject on the 1983
Japan Sea Barthquake ( M=7.7 ), which caused severe damages of oil-sloshing in the several huge oil
tanks ( the sloshing period of 8 or 11 seconds ) in Niigata Pref., the importance of understanding
on the characteristics of long period strong motions was emphasized in comparison with the current
design code of oil tanks. Also in the fourteenth symposium held at ten months after the 1985 Mexico
Earthquake ( Ms=8.1 ), the propagations of long period seismic waves in soft basin were discussed
by use of many accelerograms observed in the Mexico City. Then, this symposium is held on the basis
of the up-to-date studies in this field.
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Practial application of research on earthquake

ground motion in the intermediate period range of 1 ~.10 second.

HE =ih
HAGIO Kenji

The relation of researches on earthquake ground motion in the intermediate period range of 1~.10

second and the practical application for the earthquake resistant design of building are discussed

in this paper. As the concluding remarks,

source mechanism in the distrect.

characteristics of the earthquake ground motion in the district. (3)

some tasks in both research and design field are
(1) Investigation of seismic activitéy to make clear the remarkable

(2) Investigalion of deep soil structure concerning to regional

Regional earth-quake

measurement in the district to make clear the regional ground motion in the intermediate period

range.

4 QuantaQ%ve response analysis of the earthquake ground motion in the intermediate

period range to make clear the effect of them as input motion in structural design.
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Liquid sloshing of oil storage tank and long period ground motion

R {51

Shinsaku Zama

‘This paper presents the damage to cylindrical liquid storage tanks due to liquid
sloshing. The damage is classified as (a)Buckling or failure of the fixed or floating
roof, (b)Failure of the accessoriés of the floating roof, (c)Separation of the perime-
ter weld between the roof and the tank shell, (d)Overflow of the liquid, and (e)Occur-

rence of the fire in and around the tank.

And, also clarifies the behavior of liguid sloshing of a large cylindrical tank by
the observation of the sioshing and seismic ground motions. Sloshing is explained as the
resonance between liquid motion in a tank and ground motion, and well estimated by the
3-D response analysis. As the maximum wave height of liquid sloshing is easily calculat-
ed if Sv(damping%0.1%) is given, Sv at the tank site can be estimaied as a function of
period, by using the data of maximum wave height measured at many tanks after an earth-

quake. This is very important, because most of tank sites have not seimographs which can

measure the long period ground motions.
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Fig. 2 Typical sfructure of a cone roof tank.
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Review of the research on strong ground motion
in the period of 2 to 20 sec

#E EN

Ryosuke Inoue

Recent studies on source process and estimation of Green’s function in the period of 2 to 20
sec are reviewed to develop the method of more quantitative prediction of strong ground motion in
this period range. A lot of data are needed for this purpose, and it is proposed that seismograms
recorded by JMA 59-type displacement seismometer with magnification of 100 are to be analysed.
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Structure of Deep Sedimentary Basin beneath the Kanto Plain
and its Effects on Long-period Ground Motions

teh 7584
YAMANAKA Hiroaki

ABSTRACT

Effects of deep sedimentary basin on long-period ground motions were discussed
through the case study in the Kanto plain, Japan. First results of seismic surveys in the area
were reviewed and features of structure of deep sedimentary basin several kilometers down
to the Earth’s crust were explained. We, then, investigated dispersive characteristics of
long-period Love wave observed through a seismic array in the area. Group velocities cal-
culated for Love wave in 1D models of sediments are coincident with observed ones. 2D
hybrid modeling, in which normal mode summation technique is incorporated into finite
difference method, was conducted to simulate Love-wave propagation in the sedimentary
layers. A fair good agreement between observed and computed ground motions could be
achieved by considering realistic 2D models of subsurface structure corresponding to propa-
gation paths of the seismic waves from the source to sites. The importance of knowledge of
subsurface structure from source to each site was confirmed in this study. For rational and
precise prediction of long-period ground motions, such basic data should be accurately

prepared.
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Fig.9. Transversely polarized velocities observed dur-
ing an earthquake near the Izu-Oshima island of Nov.
22, 1986.
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Subsurface structure of the Osaka basin

Surveys of the subsurface structure of
1960 s and from the middle of the 1980°s
period,
and Kawachi basin, devided by
[n the second period, various geophsical
the interface between
trains,
in the osaka plain by Toriumi,
waves generared

waves suggests that the whole subsurface

the Osaka basin was known to consist of

the subsurface mountain range,

the Osaka bay basin and
running after main portion of S waves
who afterwards

at the periphery of the osaka

and seismic motions influenced by it

EE IERI

Horike Masanori

the Osaka basin were conducted in the
As results of the surveys in the first
two sub-basins, Osaka bay basin
Uemachi elevation.
explorations revealed the outline of
the bedrock.

vere detected

Large-amplitude wave
in seismic motions
identified these waves as surface

basin. Generation

of the type of

structure must be considered in the

prediction of seismic motions in sedimentary basins
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Fig. 1 Geologic map of the Osaka basin. Solid
circles attached to number denote locations
of boring sites(after IKEBE et al., 1970)
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Fig. 2 Correlations of well-logs at boring sites in
Fig. 1. Solid and .dashed lines connect the
same geologic strata between well-logs(afetr
IKEBR et al., 19870)
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Fig. 3 Diagrammatic profile of the Osaka basin

(after IKEBE et al., 1970)

IKEBE et al. (1970) ik, ElLoF—y v Y DFERE &
% it %  OHIE R UHIBRYIESEM R E TICK 3 IKRY
RIS KR ot — Rl € # VER L T 5,
COEF AT, KEPHOBMEEMED 500 |
&z X v 5 shkZoo2MigE (RIRKE & AN
a) »okdELTWS, FmAMOERE COR
KEEIR., KIREHIT1 5 0 0 miBE., ARZMAITI
300m&LTW3,

AL FOMAEOKRT Lic1 97 0ELBLIESL .
HTIBESEEOMEIRBLAEREXL N, 19804F
REF B VHMBTEOEND» S, BEABHUTADN
3L5iip . RESBERICITRbOTWS,, T TR
Fic1 9 8 0 FEREI»SITONA REEE. BiFE.
Wb, Bk A EAD SHE S WAKRFFOEME
BCOWTRRTVL o

)il - fils (19 84) . KERHAE < OXF)I%F
HLix7—#v2RHE& LB REEER STV
W0 0mORSETOPEMBERHL,IT LA, L
L. COBETR. SREOHVREIIEL Sh 28k
Lt THEEABC &k, AEETH 2. Fl -2 (1
987) ik, CDPEICX V4 icRY 2 AR & RIKE
B0 1 MR TERETR 1o TOBRESWIRN
WEENS IRt 1. ARBEROREHERS S .
B, RIZKEKBBETH S &b s, RE
700m¥ THRLRHEAESKSATHY, Thib
BARBERHMERRD. 1400mE0ELRZER
HESREAERARLE S, BohiKREEE»SH
LT, 700 mOESICHBENOBERNSD., 14
0 0mOEE ERZOEAPH5EELTVE, D
FRIZ, KIRBERIcH5F—Y » 7HHIA (No 9)
TOIKEBE et al. (1970) DREBHEFERDERL—RLT

—38—



CDPREMR

INR
RER

Fig. 4 Map showing the locations of measurement lines for refraction and
reflection surveys, and array experiment sites for long-period
microtremors. Lines in the baisn, attached to capital letters C,D,
F,A, B,G, R, and S, are for refraction surveys. Two lines in the Osaka
bay and two lines in dashed square are for CDP surveys. Thick-line
rectangular enclosing Hokkou explosion site are enlarged at left upper
corner and two thick line in it are for reflection survey lines. Four
solid circles denote array experiment sites,
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Fig. §
coast of the Osaka bay,
along line osaka-jyo.
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Fig. 6 Seismic cross section in the Osaka bay.
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Fig.7 Record section of reflection waves at short
distances from Hokko explosion site
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REVIEY AND FUTURE PROSPECT OF PREDICTION METHODS OF LONG-PERIOD (2-20 SEC) GROUND MOTIONS

FH X
Shigeru NODA

ABSTRACT

This paper begins with a brief historical review of the theoretical
approaches towards fault dislocation theory. This is followed by a
classification of the existing models used in predicting long-period
(2 to 20 sec) ground motions. A procedure of predicting strong ground
motions is then presented using empirical Green's function and the
spectral law of seismic waves. This paper also includes the elucidation
of the engineering characteristics of JMA strong motion seismograph
records as well as the correction method of SMAC accelerograms for
a period range of about 4 sec. An effort to point out the strengths
and weakness of the engineering approach is made using seismological
methods of synthesis. It is emphasized that long-period ground motions
can be considerably well simulated using a synthetic method for
heterogeneous crustal structure and faulting models.
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Simulation of Wide-Frequency-Band Strong Ground Hotions based on the Heterogeneous Rupture Process

EH
IWATA Tomotaka
An simulation method is derived based on the heterogeneous rupture process to accomplish strong

ground motion predictions in wide-frequency-band of the earthquake engineering interest. We compare
synthetic waveforms with observed ones in the case of the 1980 Izu-Hanto-Toho-Oki, the 1944 Tonankai

and the 1946 Nankai earthquakes and point out the necessity of the heterogeneous

faulting model

for the strong motion prediction even if in the lower frequency range ({1Hz).
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Table 1

erathquakea uased for the synthesis.

Origin times and hypocenter of the

T T LAT.  LONG.  DEPTH  MAG.
MPEN dw) o G e gMA)
P4 6 28 12 5 94934 139284 189 49
MAIN 6 29 16 20 3490+ 139230 179 67
Al 630 2 28 S4BT 130.245 19.4 49
A3 72718 6 - %4942 139220 173 16
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Fig.1 Map of station locations and epicenters of

the mainshock.
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Fig.2 Displacement spectra of the mainshock and

the small event with M=4.6.
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Fig. 3 comparieon of the synthesis with the
observed seismograms at OMM. From upper to lower,
the record (NS comp.) of the small event, the
synthesis, and the record of large event.
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Fig.é Rupture processes of the 1980 Izu-Hanto~

Toho-0ki earthquake from different wavefornm

inversion methods. (A) by Takeo(1988), (B) by

Fukuyama and Irikura(1989), and (C) by Iwata and:

Irikura(1989). (D) shows a simplified asperity
f'\ model inferred from these inversion resulta.
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38 Table 2 Source parameters of the 1944 Tonankai and
. the 1945 Mikawa earthquakes.
Yomont STRIKE DIP BARKE  Length ¥idth Dislocation
(dyn. cu) (deg. ) (deg. ) (deg.) (ka) (um)  (cam)
1944 Tonaskai 1. 5E28

A STN|HES| 260 SEISHOGRAN . Ando kodo! 240 25 108 130 70 400
ef Afda Nodel  (S) 225 30 72 1S4 07 s

e [t 25 30 ™1 8 1 M0
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Fig.7 Comparison of the. aynthetics with the
observed selismograms. From upper to lower,
observed accelerogram at KWN, synthetics from
‘uniform slip model, and those from the asperity
model.

Fig.9 Source models for the 1944 Tonankai
earthquake. (a) shows the Ando model and (b) shows
the Aida model. Stars indicate the epicenter and
arrows indicate the slip direction, respectively.
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Fig.10 Comparison of the synthetics from the Ando
model with the observed displacement selsmograms.
(a) shows the NS component and (b) shows the EW

component respectively.
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Fig 12 An asperity model for the purpose to
accomplish the prediction of strong ground motion.
Hatched region indicates the asperity.
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Fig.13 Comparison of the synthetiecs from the
agperity model with the observed seilsmograms.

Table 3 Source parameters of the 1946 Nankal
earthquake and its aftershock.
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Fig.1, Source models for the 1946 Nankai
earthquake. Plane 1 shows the Kanamori model and
Plane 2 and 3 show the Ando model.
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Analytical Investigation of the Diffracted Surface Wave

Generated in a Sedimentary Basin

BEREBMEFRE EER EA

Masato Motosaka

Earthquake ground motions observed on a sedimentary basin are reportedly characterized

by larger amplitude and longer duration due to intermidiate period component, In order to

make these ground motion characteristics more clear, it is important to pursue analytically

the generation process of the diffracted surface wave and its propagation within a basin.
For the purpose, this report describes the following three items: @ Methodological
review on the wave propagation theory in irregular sites including comparison study by the
several different methods, @ Qualitative investigation of influence factors on the genera-
tion of the diffracted surface wave induced by the incident body wave using a typical idea-
lized model. @ Simulation analysis of the earthquake records observed in Tokyo Bay Area
due to the 1990, 2,20 Near Izu-Ohshima Earthquake, Contribution of the diffracted surface

wave is investigated.
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A brief review of studies on the effects of surface geology
on seismic motion and their perspective

nN# %

Hiroshi Kawase

The state of the art on the effects of surface geology on seismic ground motion is briefly summarized in three
aspects, namely, development of simulation methods, delineation of geological structures, and seismic motion
measurement. It is found that we have already developed numerical techniques capable to model complicated
stuctures in the earth’s crust and that it would be a matter of time for us to use three-dimensional, realistic model.
However, we still need to improve understanding on geological structures and coverage of observation networks.
For smaller scale basins (= 1km) or longer period range (2 2sec) we can simulate observed seismograms by
current techniques and current level of knowledge on geologic structures. By filling in the deficiency of our
knowledge we will extend the range for quantitative seismic motion prediction. As a final note inappropriateness
of the response spectra with 5% damping to extract the characteristics of seismic motions is emphasized.
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