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SIGNIFICANCE AND NECESSITY OF SEISMOLOGICAL AND ENGINEERING STUDY
ON
GROUND MOTION AND DISASTER DUE TO INLAND EARTHQUAKE

= & # 5

Sumio NAGAHASHI

ABSTRACT

This year is the hundredth anniversary of the 1891 Great
Nobili Earthquake occurred under the central part of Honshu (the
mainisland of Japan), in which 7273 lives were lost and 142
thousand wooden houses were totally destroyed. The Great Nobi
Earthquake is the representative event of inland earthquake with
the greatest magnitude in the history of Japan. Because of close
distance from epicentral region to human residence, inland
earthquakes are apt to cause very severe damage on our society
even if their magnitude are not so large. So, in this symposium
on ground vibrations, some problems on inland earthquakes are
discussed in honor of the 100th anniversary of the Great Nobi
Earthquake, and in addition to the valuable lessons from some
aspects of the damages due to the 1891 Great Nobi Earthquake,
some important informations are presented on the basis of the
several up-to-date researches i1n the fields of seismology and
eartquake engineering.
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LESSONS LEARNED FROM THE 1948 FUKUI EARTHQUAKE

WEBERMK  -EHHERER
Kazuoh SEQ and Takanori SAMANO

The Fukui Earthquake of 1948 brought a tremendously heavy damage in Fukui
City and its surrounding basin area. It was really a typical case that a very
near and very shallow earthquake hit a local society. The damage concentrated
in a basin, then local site effects were found very clearly. In this report,
what happened in the disastered area is reviewed about the damage of facili-
ties, the process of recovery, activities of governmental offices and inhabi-
tants and so on. Finally these aspects are indicated on a time table along
their passages. The results of a questionaire survey which was performed just
after the earthquake by a primary school in Osaka is also introduced, because
it contains very important suggestions for the future preparedness against the
similar earthquake.
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Preliminary analysis for verifying implications of strong ground

motions in near source region

At W2
TAKEMURA Masayuki

ABSTRACT

Recently, many strong motion records have been observed in near
source region. Peak accelerations of them are sometimes over 1G and
vertical components of them are often larger than the horizontal
components. In the meantime, strong motion seismology have been
rapidly developed S0 that source, attenuation, and site
amplification processes are elucidated for short-period seismic
waves. First, we summarize the knowledges for them, which are
usually accumulated through the analysis of seismic waves in
relatively far region from the earthquake source. Secondly, we try
to explain the characteristics of the strong motion records in the

near source region by using our accumulated knowledges. 114 strong
motion records in the near source region for 17 events in
California, Mexico, Chile and Japan are examined. Main results

obtained are summarized as follows:
(1) Fourier spectral amplitudes of strong motion records in the near
source region are mainly determined by the effects of geometrical
spreading and the distribution of displacement on the earthquake
fault.
(2) Peak accelerations and durations of strong ground motion are
also affected by the direction of rupture propagation on the fault.
(3) The large amplitude of vertical component are usually observed
in the short period range at the alluvial site, which may be caused
by the amplification of P waves in surface layers under the site.
These results are preliminary ones. In order to verify the

varidity - of them, the importance of the examination of ground

structure under the observation site is indicated.
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Detailed analysis of late Quaternary faults should be more widely used
;7 Nfor the estimation of strong ground motion at a particular site. Since
‘ the number of active faults which may produce severe gouhd motions at
the site is limited, which is usually a few, and may be ten at most,
detailed analysis of those faults is practical. We can.estimate not only
the recurrence time, but also approximate occurrence time and heterogene-

ous slip distribution on the fault, which may enable us to estimate the

location of asperity, the source of strong shaking on the fault.
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¥We learn from the Nobi earthquake of 1891.

The Nobi earthquake of 1891 occurred in the neighborhood of an
It was
Many peoples were killed and various new

tensive populous Nobi plain.
earthquakes in Japan.
tures were destroyed severely.

iR HRSR
KURAMATU Tkuei

ex-
inland
struc-

the greatest of the

The large ground motions as those of the

Nobi earthquake have been not yet catched by seismographs. Therefore,the
author collected the discriptions of news-paper etc in that time as well

as the reports of specialists.

The earthquake occurred in the period of civilization and

tenment in Japan.
earthquakes wers developed rapidly.

enligh-

Accordingly, the science and tecnology concerned with
¥e can find passion and vission in

the reports and the research programs in that time.
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Mechanism of seismic high-frequency radiation and the source models

TR
YAMASHITA Teruo

Source models of seismic high-frequency radiation are briefly reviewed, and we discuss points to be taken
note of when high-frequency seismic waves are interpreted in terms of source model. It is explained with the aid
of simple concrete examples that high-frequency radiation is sensitive to the assumption of source model.
Hence we have to assume a model which has a sound physical basis. The method based on fracture mechanics
has been successfully applied to the analysis of fracture phenomena in the field of mechanical engineering, so
that it will be highly reasonable to take fracture mechanics approach in the study of seismic source as well.
Some examples of fracture mechanics approach are shown, and physical and tectonic conditions to emit

high-frequency seismic waves are discussed.
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Figure 1a ' Fault model of Haskell[1966,1969]. The thick
arrows stand for the direction of fault propagation. Shaded
area is the fractured zone.
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Figure 1b 'R:mporal variation of displacement discontinuity.
Curve a is assumed by Haskell[1966,1969]. Curves b and ¢
correspond to Egs(2) and (3), respectively. T is rise time.
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Figure 2  Schematic illustration of far-field displacement
spectral amplitude expected from the model of Haskell[1966]. \
f. is comer frequency. Au(x,t)
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Figure 5Sa Tlustrative examples of barrier model. Shaded area
stands for the zone of weak strength which slips at the
time of main shock. Fracture propagates, bypassing the
high strength zone, and complex fracture propagation results
in the case (A). In the case (B), the fracture propagates,
leaving the high strength zone unfractured.

Figure 4 Two dimensional semi-infinite crack moving steadily
with velocity v. () Distribution of displacement discontinuity
near the crack tip. (b) Distribution of shear stress near the
crack tip.
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Figure 5b  An illustrative eéxample of asperity model. The left
figure stands for the state just before the occurrence of main
shock. The hatched area denotes the asperity, where fracture
strength is high, and the surrounding area is the weak zone
which has already fractured. The state just after the main
shock occurrence is shown in the right figure. The fracture
of asperities cause large slip, involving the surrounding
area (see the shaded area).
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Figure 6 Relation between shear stress and displacement

discontinuity experimentally obtained by Ohnaka et al.
[1987].

Au

Figure 7 Schematic illustration of breakdown zone model. (a)

Distribution of displacement discontinuity .near the crack
tip. (b) Distribution of shear stress near the.crack tip. o is
the stress at the crack tip, and o is the sliding frictional
stress. () Relation between shear stress and displacement
discontinuity. The relations x. << xc and D, << D, are
obtained experimentally by Ohnaka et al[1987] and
theoretically by-Ohnaka and Yamashita[1989].
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Some aspects on strong-motion observation in the near-field

Needs on
deployments
the
are

strong-motion observation instruments
are discussed for aiming that the observation covers
overall nature of strong-motion in the near-field. The needs
resulted from the recent strong-motion records.

ITE —%
KUDO Kazuyoshi

its

and

Using the

strong-motion records obtained during the 1989 Ito-0Oki earthquakes

and the 1990 Izu-Oshima Kinkai

earthquake, a high-frequency

vertical motion, fmax and the near-field term are discussed.
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Statistical Study of Peak Ground Acceleration in Source Region

BERAY - HPRZD - EDERD

Yoshimitsu Fukushima, Tejji Tanaka and Takahide Watanabe

Peak ground acceleration in a source region is studied statistically by two different approaches.
First approach predicts the peak acceleration by the attenuation formulas applicable to near
source region and the other is direct estimation from a peak acceleration data base.

Five attenuation formulas are employed for the horizontal motion and one for the vertical, and
they are all characterized by constant accelerations at very close distance, whose levels depend on
earthquake magnitude.

The peak acceleration at a distance of 1km from a fault is assumed to be the value in the source
region. For the horizontal motion, the peak accelerations of 400~600 Gal are predicted for
M=5~8 earthquakes from the attenuation formulas, while a mean value of 410 Gal is estimated
from the near source acceleration data. For the vertical motion, the predicted peak accelerations
are 200~600 Gal for the same magnitude range and the estimated one from the data is about
400Gal. The peak acceleration ratio of the vertical motion to the horizontal one is smaller than

1.0 in average regardless of the earthquake magnitude and the fault distance.
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Some subjects on methodology to estimate the earthquake ground
motions caused by earthquakes occured beneath the cities.

AH BE
Ishida Katsuhiko

In this paper the subjects on the methodology to estimate the
earthquake ground motions caused by inland earthquakes will be

discussed.

Inland earthquake will be generally characterized by the short
distance from the hypocenter to the site. From this point of view,
the applicability of several estimation methods are examined for

1990 Odawara earthquake.
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Table 2 Maximum acceleration and velocity at
each observatory
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¥ W KKM |100.7 [134.4 97.3 5.1 6.2 4.4 17.3
Fig.1 Location of observatories.
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The Dynamic Properties of the R/C Building
to the Near-by Earthquake.

T BE F #
TSUCHIYA Hideo

The paper reviews the recent earthquake damages and the dynamic properties
of some buildings caused by vertical ground motions. The bi-directional
inelastic response analysis of a damaged main frame to the OITA earthquake in
1975 are reviewed, especially with regard to varying axial force in columns.
Discussed are the problems such as the maximum ground- accelerations, and
effect of varying axial force to vertical ground motions. For incoporating
the effect of varying axial force in side column, an equivalent S.D.F. system
in the perpendicular direction related between horizontal and vertical motions
The concluding remarks are obtained as follows. 1) Varying
axial forces in colums due to vertical 'ground motion are dominant. 2)

Varying axial force in side column depends on the co-efficient decided by the

is presented.

building-shape.
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INFLUENCE OF GROUND MOTIONS ON CIVIL ENGINEERING STRUCTURES

FH X

NODA Shigeru

It is very important that civil engineers understand the nature
of earthquakes and how to design and build structures to resist
strong ground shaking. The dynamic nature of the earthquake response
of structures must be taken into account when designing important
project such as long-span bridges. The welfare of a city depends
very strongly upon the continued functioning of lifeline systems.
In this paper, the influence of ground motions on civil engineering
structures 1is described with discussion of observed damage. Its
4 chapters outline recent earthquakes and the resulting damage;
earthquake disaster mitigation planning of lifeline systems; aseismic
problems of soil structures such as liquefaction induced permanent

ground displacement;
control of bridges.
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