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Crustal Movements Associated with the 1948 Fukui
Earthquake (M =7.1) and Its Fault Model

Takeshi Saciva

Geography and Crustal Dynamics Research Center, Geographical Survey
Institute, Kitasato-1, Tsukuba, 305-0811, Japan

(Received January 18, 1999; Accepted March 18, 1999)

Conventional iriangulation and leveling data are analyzed to estimate crustal movements assoc-
iated with the 1948 Fukui earthquake and its fault model. Horizontal displacement vectors at 84
triangulation points and vertical displacements of 82 leveling benchmarks are inverted to estimate
slip distribution on the fault plane. Although two surface traces of faults were found after the
earthquake, most of the seismic moment was released from a main fault on the west, and an eastern
sub-fault played only a complementary role. The dip angle of the main fault is not well constrained.
However, geodetic data are fairly consistent with an assumption of a vertical fault. Estimated fault
mechanism is mostly left-lateral strike slip with the maximuim slip of 6m. The seismic moment of the
Fukui earthquake is estimated as 2.4 X10'° Nm (M, =6.8), which is consistent with another estimation
based on seismic data. The Fukui earthquake was comparable to the 1995 Kobe earthquake in its size,
but the heterogeneity of slip distribution is different each other. The Fukui earthquake fault had a
much longer preparatory period before the 1948 event, and fault strength might be completely
recovered before the earthquake, which resulted in a rather homogeneous slip distribution. In the case
of the 1995 Kobe earthquake, a short recurrence time along the Rokko-Awaji fault after the 1596
Keicho-Fushimi earthquake might result in a rather heterogeneous slip distribution.

Key words: Fukui earthquake, Crustal movements, Triangulation, Leveling, Geodetic inversion,
Fault model.
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Source Parameters of the 1948 Fukui Earthquake Inferred
from Low-gain Strong-motion Records
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Otemachi 1-3-4, Chiyoda-ku, Tokyo 100-0004, Japan

(Received March 15, 1999; Accepted June 21, 1999)

Seismograms in 1940’s are usually recorded on smoked paper. Owing to the recent development
of photocopy and image processing techniques, we can reconstruct feasible waveform data by tracing,
digitizing, and correcting the arc effect due to inclined lever. Using low gain strong motion data at
several observatories of Japan Meteorological Agency and Kyoto University, we investigate the
source process of the 1948 Fukui earthquake. In the waveform inversion we consider the uncertainty
of instrumental constants (pendulum period, magnification and damping constant), timing, and chart
speed. The rupture process is then modeled by moment-rate functions at grid points on a fault plane
with a spacing of 10 km. It is shown that a rupture initiated at a depth of about 10 km, moved upward,
and then propagated mainly to the south. The rupture front velocity was about 2.5 km/s. The largest
moment release occurred around 10 km south of the epicenter. The main source parameters are:
strike=170%5°, dip=70+5°, rake=—10+10°, seismic moment=2.1X 10" Nm, M,,=6.8, fault area=
30X 10 km?, average dislocation=2.3 m, stress drop=10 MPa.

Key words: Source parameter, Historical seismogram, Fukui earthquake, Strong motion record.
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Strong Ground Motions during the 1948 Fukui Earthquake

—Estimation of Broad-band Ground Motion Using
a Hybrid Simulation Technique—

Kojiro Irikura

Disaster Prevention Research Institute, Kyoto University, Gokasho, Uiji,
Kyoto 611-0011, Japan

Katsuhiro KamAE

Research Reactor Institute, Kyoto University, Kumatori, Sennan,
Osaka 590-0494, Japan

(Received March 30, 1999; Accepted June 7, 1999)

We simulate strong ground motions during the 1948 Fukui earthquake with the JMA magnitude
7.1 based on a heterogeneous source model and the hybrid simulation technique. So far there are no
existing source models available for simulating strong ground motions from the 1948 Fukui earth-
quake. Most of the source models have been assumed to have uniform slip distribution on rectangular
fault plane. Such models could generate ground motions only available longer than several seconds,
underestimating shorter period motions (<1 sec) of engineering interest. The objective of this paper
is to construct a heterogeneous source model for simulating strong ground motions in a broad period
band during the 1948 Fukui earthquake. We assume two source models to examine: Model 1 is a
reverse fault model determined from the analysis of geodetic data by Yosuioka (1974) and Model 2 is
a normal fault model from strong motion displacement data by Kikucui et al. (1999). Heterogeneous
slip distribution on fault plane is estimated based on the self-similar scaling relationships of seismic
moment versus asperity areas and slips by Somerville et al. (1999). Then we obtained the standardized
source model consisting of two asperities to have the average characteristics of asperities for the
seismic moment of the Fukui earthquake. Relative locations and rupture times of the asperities on the
fault plane are determined following the source model by Kigkucur et al. (1999). The maximum
asperity corresponding to the second event in their model has an area of 12X 12 km? and slip of 1.7
m and is located under the most heavily damaged area along the buried fault, known as the Fukui
earthquake fault. The smaller asperity corresponding to the first event is located north of the
maximum asperity. Rupture was initiated at the northern edge of the smaller asperity, propagated
toward south, then broke to start the maximum asperity 7 seconds after the initial rupture. Large
ground motions from both models, Model 1 and 2, are spread over the Fukui basin, although peak
velocity distributions are rather different between the two models. Areas over 30% collapse ratio
during the Fukui earthquake correspond to those with peak velocity over 60 cm/s for Model 1 and
over 80 cm/s for Model 2. The level of the peak velocity in the areas with more than 309 collapse
ratio are estimated to be over 80 cm/s connected with both results by Moror et al. (1998) and
MivakosHi and Havasur (1998). Pseudo velocity response spectra in the center of the Fukui basin for
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Model 2 have almost the same level of the observed ones at Takatori (TKT) and the simulated ones at
Fukuike (FKI) within the damage belt during the 1995 Hyogo-ken Nanbu earthquake. We conclude
that the damage distribution during the Fukui earthquake is well explained by strong ground
motions simulated for Model 2 combined with the normal fault model by Kikucui et al. (1999) and a
standardized heterogeneous source model developed by SOMERVILLE ef al. (1999).

Key words: the 1948 Fukui earthquake, strong ground motion, heterogeneous source model, asper-
ity, collapse ratio.
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Strong Ground Motion Generated from the 1948 Fukui Earthquake
—Directions of Simple Bodies’ Overturn and Buildings’
Collapse, and the Source Process—

Takashi MiIYATAKE

Earthquake Research Institute, University of Tokyo,
Yayoi, Bunkyo, Tokyo 113-0032, Japan

(Received February 2, 1999; Accepted June 1, 1999)

The 1948 Fukui earthquake provided the detailed data for damage of buildings and collapse or
overturn of simple bodies, such as chimneys, grave stones, etc. The overturning directions of simple
bodies and the falling directions of wooden houses seem to have characteristic features of distribution
with scatters. From the northern to the central part of the fault trace (strike=170°), the fault normal
directions are predominant. On the other hand, from the central to the south but apart from the fault
trace, the fault parallel directions are predominant. These distributions are simulated by 3D dynamic

rupture model, and the details of the fault rupture processes are suggested.

Key words:
Strong ground motion simulation.
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Survey of Underground Structure across the Fukui Earthquake Fault

Naoto Inoue and Koichi Nakacawa

Department of Geosciences, Graduate School of Science, Osaka City University,
3-3-138, Sugimoto, Sumiyoshi-ku, Osaka 5588585, Japan

(Received March 5, 1999; Accepted May 22, 1999)

Some geophysical explorations were conducted to investigate the underground structure around
the Fukui Earthquake Fault, FEF, reported by Tsuva (1950). A seismic reflection survey was carried
out at a dry river bed along the Kuzuryu River across the FEF. The gravity survey was also per-
formed around the seismic reflection survey line. The seismic reflection profile shows that the Qua-
ternary sedimentary cover is 200 to 300 m in thickness and tilts gently westward. The profile also
shows an existence of somewhat peculiar block with width of several hundred meters at the FEF.
This block corresponds to the lower gravity anomaly zone obtained from the local gravity analysis.
We concluded that the FEF with many ground failures induced by the earthquake has not been
effectively displaced in vertical movement and the successive fault movement related in the FEF has

thickened fault gouge layer along the FEF.
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A Preliminary Report of Active Fault Survey in the
Fukui Basin, Central Japan

Yoshihiro Kinucasa
Geological Survey of Japan, 1-1-3 Higashi, Tsukuba, Ibaraki 305-8567, Japan
Katsuhiko Araig, Isao Toriuomi and Hirofumi YamamoTto
Fukui University, 3-9-1 Bunkyo, Fukui 910-8507, Japan
Masataka Anpo and Norio HiraNO

Disaster Prevention Research Institute, Kyoto University,
Gokasho, Uiji, Kyoto 611-0011, Japan

(Received February 2, 1999; Accepted June 1, 1999)

Subsurface geological structure of the Fukui basin where the 1948 Fukui Earthquake (M 7.1)
occurred has been studied by P and S wave seismic reflection survey together with a trench
excavation survey at the eastern edge of the basin. In the central part of the basin, no distinctive fault
has been detected by the P wave seismic reflection survey. Also, at the eastern edge of the basin, no
evidence of faulting associated with the 1948 event has been detected by S wave seismic reflection
and trench excavation surveys. However, liquefaction of gravel layer has been revealed in a trench at
the eastern edge of the basin and its date is estimated sometime between A.D. 1200. and A.D. 1400.
These results suggest that the faulting of the 1948 Fukui Earthquake (M 7.1) is dominant with strike
slip component, and hence it is concluded that no earthquake fault appeared on the ground surface
other than the intensive surface cracks reported as the evidence of earthquake fault.

Key words: Fukui earthquake of 1948, earthquake fault, seismic reflection, trench excavation,
liquefaction.
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Relationship of the M 7.1 1948 Fukui and the M 8.0
1891 Nobi Earthquakes to the Occurrence of Large
Earthquakes in the Surrounding Areas

Masataka ANpo

Disaster Prevention Research Institute, Kyoto University, Uji, Kyoto,
611-0011, Japan

Mamoru NAKAMURA

Faculty of Science, University of the Ryukyus, Nishihara, Okinawa,
903-0213, Japan
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Disaster Prevention Research Institute, Kyoto University, Uji, Kyoto,
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(Received February 19, 1999; Accepted June 23, 1999)

The seismic activity in the Chubu region of Houshu, Japan after the M 8.0 Nobi earthquake of
1891 has been remarkably active, with 7 earthquakes of M =6.5. A probabilistic test concludes that
this series of earthquake occurrences for the relatively short-period is significant and not random.
The Coulomb Failure Function (CFF) is used to evaluate effects of static stress loading on the
neighboring faults for the earthquakes which occurred in the Chubu region of Honshu. Five of the
seven events fall in positive area of change for the Coulomb Failure Function values (4CFF). This
consistency suggests that the Nobi earthquake changed the stress field of the crust around the
hypocenter, triggering many earthquakes. The 4CFF values are calculated for =10° range of fault
strike and dip angles for models of each earthquake. The values are found to vary significantly
depending upon fault parameters, but the sense of 4CFF (positive or negative) is stable throughout
the test of different fault orientations. Preceding the M 7.1 1948 Fukui earthquake, an earthquake of
M 6.3 occurred in 1930, possibly on the northern extension of the Fukui eastern margin fault system.
Along the Fukui earthquake fault, high microearthquake activity has been observed to diminish with
time since 1976, when the local seismic network was established. Whether or not the Fukui eastern
margin fault system was involved in the Fukui earthquake of 1948 is not certain, and future work is
needed to resolve the issue.

Key words: Stress Changes, Coulomb Failure Function, Nobi earthquake, Fukui earthquake.
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Comparison of Fatality Risk between the 1891 Nobi Earthquake, the 1948

Fukui Earthquake and the 1995 Hyogoken-Nanbu Earthquake

Takafumi Moroi and Masayuki TAKEMURA
Kobori Research Complex, Kajima Corporation, 6-5-30, Akasaka, Minato-ku, Tokyo 107-8502, Japan
(Received: January 13, 1999; Accepted June 21, 1999)

Fatality risks due to building collapses are investigated for three typical inland earthquakes in
Japan; the 1891 Nobi earthquake, the 1948 Fukui earthquake, and the 1995 Hyogoken-Nanbu earth-
quake. The damage data obtained from these earthquakes are analyzed to evaluate relationships
between fatality rate in population and collapse rate of wooden houses. A lethality function normal-
ized for estimated numbers of inhabitants in collapsed houses is also estimated for investigation on
normalized fatality risk with respect to building collapses. By comparing the analysis results, we
discuss the circumstances of human casualties in these earthquakes: 1) Although different distribu-
tions of collapse rate were observed between the Nobi earthquake and the Fukui earthquake, the
human casualties in both earthquakes show similar tendency that higher mortality was properly
induced in the area with large damage of buildings; 2) The extensive damage by the Hyogoken-Nanbu
earthquake was concentrated in limited area as compared with the other earthquakes, however high
fatality rates are estimated even in relatively low-damaged regions; 3) The fatality risks in seriously
damaged regions are higher than those in moderately damaged regions for every earthquake, while
the fatality risks evaluated for the Hyogoken-Nanbu earthquake are two times as large as those of
past earthquakes. From these results, we point out that the vulnerability to human casualties by
earthquakes is still existing despite the advancement of seismic performance of buildings.

Key words: Earthquake disaster, Human casualty, Fatality rate, Fatality risk, Building collapse.
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