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SYNTHESIS OF STRONG GROUND MOTION FOR THE 1891 NOBI EARTHQUAKE
Nippon KOEI R&D Center Member O H.DARAMA, T. OHSUMI
Miyazaki University, Civil Eng. Dept. Member Prof. T.HARADA

1. Introduction: The Nobi earthquake of October 28, 1891 {M8.0; Muramatu, 1962] is the largest inland type ever
recorded in the Japanese Islands, by causing extremely strong ground motion and heavy seismic damage (X-XII on
the Modified Mercalli scale). It resulted in the only known remarkable surface fault break which could be clearly
traced (Nukumi-Neodani-Umehara Faults) as long as 80 km with maximum horizontal and vertical displacements of
8 m and 3 m respectively. The reported damage in and around the epicenter area was: 7,273 people dead (17,175
injured), 142,177 houses collapsed (80,184 damaged), and over 10,000 landslide incidents observed {Usami,1966].
Our aim by proceeding this study is to predict seismic ground motions that would be expected to arise from future
earthquakes of comparable magnitude and with a similar mechanism to that of Nobi earthquake fault system.
Especiaily, we focused on determining the effects of directivity for the strong-motion time duration [Ben-Menahem,
1961]. In order to carry out and synthesize the main event, we employed a stochastic simulation technique so called
EGF method. This method is based on spectral representation of stochastic waves in making use of kinematic source
model with w” property and the representation theorem of elastodynamics of far-field seismic waves.

2. Faulting and rupture modeling: Number of Seismological and
Geological studies were performed after this unique earthquake and

various results have been reported to date so far. According to the 360
founding, rupture initiated at a depth near the northwestern end of
the Nikumi fault, and propagated southeastward almost unilateraily
along pre-existing active faults with velocities of 2.2-2.5 kmy/sec,
forming successive conjugate set of left-lateral strike-slip faults
which were termed as Nobi fault system (Fig.1). The largest surface
fault displacement and damages were observed around Midori-
Kinbara along the Neodani fault. The released stresses are estimated
10 be 40-150 bars, which considerably differs from one place to
another. All of the strong motion over the entire length was 350
estimated as being completed within 40 sec. Old type strong-motion
seismographs at Gifu, Nagoya, Osaka and Tokyo, recorded the
Nobi earthquake. Unfortunately, the records of first two stations are
now available with only the initial portion of ground motion. The
records went off scale probably due to the arrival of large amplitude
S-waves. Estimated displacement at Gifu is 34 cm as that of 23 in
Nagoya [Omori, 1894]. Recently, the probable existence of blind-
trust faults during the 1891 event, was revealed on the basis of the Y 4
seismicity, topography pattern, and leveling surveys [F.Pollitz, '
1994]. However, in simulation, we will refer to the faults model and  ropeurs /i
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Fig.1 Location of the Nobi fault system and target sites.

source parameters (Fig.2) proposed by Mikumo& Ando, 1976-[1]. ]“,_
3. Stochastic simulation by EGF: According to the theorem, far- Rupture -~
. . . . . inition time

field displacement u(x,w) in a homogeneous, isotropic and layered Y for faut #2 plane

medium can be expressed in the following integral and approximate N ddew 80 M) 8 weeq) L) Witew) Tiomy)
final form over finite fault model [Aki&Richards,1980]. Eq.(1) | ossss 13633 0 145 45 % 10 18 15 140
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contributions with weight 7,,(w) from N;xNy small faults. This | gl 136728 0 17 & 90 13 % 12 20

means that an approximate simulation method can be obtained, Fig,2. Fault models and source parameters proposed

using a single observation record u,(x, w) due to the (m,n,)* fault. by Mikumi&Ando, 1976.
Transfer function 7,,,(w), which is used in this study, was proposed by Harada, 1995-[2], as a generalized form of
~ LR N+ AW 1 BT iy i T+ )
A%,1) = ”zbgljg: i D(§n, 1t - r,m)* G()?, E M, i- tm)a'g dn — W% o) = EIEI?TM(w)e il (%, @) ()
Irikura’s formulation as shown at Eq.(2). The synthesis of a non-stationary small event was generated by a stochastic
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point source model with w” property as indicated by Eq.(3) [Shinozuka et al., 1987]. Source-station geometry, ot
directivity, is involved in our simulation as being a key parameter (azimuth) to determine the effective time duration
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[Harada et al., 1997]-[3] together with empirical relations of Ohsaki (1994).
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Fig. 3 Contribution of synthesis of each fault time history at target Gufi site

4, Concluding remarks: The synthetic acceleration time
history of ground motion was successfully generated over 40
target stations, using the prescribed stochastic EGF method.
Faults are individually simulated, and contributions from each
of them are finally summed at target site, in order to get the
total time history (Fig.3). We have observed that the rupture
duration depends not only on the rupture velocity and the
dimensions of the fault itself, but also the orientation of the
observation station relative to the fault (azimuth) as well.
Directivity, or focusing energy along the fault in the direction
of the rupture, is a significant factor for most of the large
earthquakes, including Nobi event. Briefly, shaking intensity
decreases much more rapidly perpendicular to the fault
rupture plane than along the fault axis (Fig. 4). According to
the results of our simulation, we have obtained very high
acceleration values, especially along the Neodani-@ fault,
exceeding well over 2g. For the duration time of the total
motion, generally, a value over 40 sec was observed, which is
consistent with the literature. As can be seen from the (Fig.5),
fault displacements gradually increased during the rupture
propagation through NW-SE. Highest surface displacement
was obtained near the southern end of Neodani fault at site
S8, with having a value of 221 cm. As for a comparison, in
simulation, we got 98 cm displacement at Gifu as 27 in
Nagoya, which is again close to the values obtained by
previous researchers and estimated ones by field observations
after the main event. Finally, this numerical example, prove
the effectiveness of approach and demonstrate the effects of
the directivity on the synthesis of acceleration time histories.
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Fig. 4 Wave forms of selected sites around the Nobi area.
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Fig. 5 Displacement time histories of selected sites and

entire contour plot along the fault system.








