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The Summary of the Myma 6.1 Earthquake of June 18™, 2018 in Northern Osaka Prefecture and
the Characteristics of the Resulted Strong Motion and Damage

2 By —
Shinichi MATSUSHIMA

Synopsis

In the morning of June 18% 2018, a Japan Meteorological Agency (JMA) magnitude
6.1 earthquake occurred in the region of the northern Osaka Prefecture at a depth of
13km. The highest observed JMA seismic intensity was 6-, and a large population was
exposed to JIMA-SI 5-, since it occurred beneath a densely populated urban area. Despite
the high seismic intensity, the number of collapsed houses were limited. On the contrary,
the number of houses that suffered partial damage, mostly damage to roof top tiles, was
very high. In this paper, the summary of the earthquake and the characteristics of the
resulted strong motion and its consequences are reported.
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Keywords: earthquake in the northern Osaka Prefecture, June 18" 2018, inland crustal
earthquake, directly beneath a city
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Fig. 1 The epicenter (denoted by “X”) of the earthquake
of northern Osaka Prefecture and locations of observed
JMA-ST (After IMA, 2018a)
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Fig. 2 Estimated JMA-SI distribution map for the
earthquake of northern Osaka Prefecture (JMA, 2018b)

“X” denotes the epicenter
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Fig. 3 Exposed population for a certain JMA seismic
intensity during recent symbolic earthquakes in Japan
(Nojima, 2018)
(a) Greater than JMA-SI 5+, (b) Greater than JMA-SI 6-
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Fig. 4 Epicenter distribution of earthquakes of M=2.0
and depth of 0 to 20 km during the period of October 1%
1997 and June 30% 2018 (ERC-HERP, 2018) The blue
lines denotes the active fault zones determined by HERP
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Fig. 5 The epicenter distribution of earthquakes
(shallower than 30km) in the central and northern area of
the Kinki region during the period between 1976 and
November 1995, determined using the seismic network
of Research Center for Earthquake Prediction, Disaster
Prevention Research Institute, Kyoto University
Above: Epicenter distribution of the central and northern
area of the Kinki region, Below: Epicenter distribution
near the Arima-Takatsuki fault zone along with the
source mechanisms of respective earthquakes that
occurred along the lineament that forms a line, south of
the Arima-Takatsuki fault zone (RCEP-DPRI-KU, 1996)
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Fig. 6 The epicenter distribution of earthquakes
(shallower than 30km, M>1.0) around the epicenter of
the earthquake of northern Osaka Prefecture during the

period between 1976 and 2001, determined using the
seismic network of RCEP, DPRI, KU, denoted by black
circles, and the epicenter distribution of earthquakes
(shallower than 30km, M>1.0) determined by JMA
during the period between June 18" and August 10"
2018, denoted by red circles (RCEP-DPRI-KU, 2018)
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(b) Hypocenter distributions on cross sections A-A’ and
B-B’ for respective regions a and b, shown in (a)
Fig. 7 The epicenter and hypocenter distribution of
aftershocks (ERC-HERP, 2018)
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Fig. 8 Nodal plane solution describing the source
mechanism of the earthquake of northern Osaka

Prefecture (JMA, 2019)
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Fig. 9 The epicenter and hypocenter distribution of
aftershocks during one day after the earthquake of
northern Osaka Prefecture, determined by JMA (Asano et
al., 2018)
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Fig. 10 Major and minor double-couple moment tensor
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moment tensor solution of the earthquake of the northern

Osaka Prefecture (Hallo et al., 2019)
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Fig. 11 Two fault planes estimated from the aftershock
distribution and considered for identifying the fault slip
by multi time window waveform inversion technique
(Fault@ is strike=351°, dip=50°, Fault@ is strike=52°,
dip=77°) (after Asano et al., 2018)
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Fig. 12 Strong motion observation stations used for the

waveform inversion (Asano et al., 2018)
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Fig. 13 Identified slip distribution on the two fault planes
(Right: Fault@, Left: Fault®) (Asano et al., 2018)
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Fig. 14 Comparison between the active faults and
previous seismic activity and the fault model of the

earthquake of norther Osaka Prefecture
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Fig. 15 Comparison between the observed velocity
waveforms (black lines) and the synthetic velocity
waveforms (red lines) for the identified slip distribution
derived from the multi time window waveform inversion
(Asano and Iwata, 2019)
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Table 1 PGA and JMA SI of strong ground motion
stations (PGA: Peak Ground Acceleration, SI: Seismic

Intensity, Depi: Epicentral distance) (SI =5.0)

. PGA Depi
Station Network (cm/s?) SI (km)
OSK002 NIED 794.2 56 3
(Takatsuki) (K-NET) (EW) )
77029 IMA 618.2
(Kita) (Osaka) Ew) | 36 | 189
77110 IMA 690.2 56 47
(Hirakata) (Osaka) (NS) ) )
77120 IMA 444.7 56 58
(Ibaraki) (Osaka) (NS) : :
77210 IMA 473.4
(Minoh) (Osaka) (NS) 5 | 103
SRK 261.2
(Ibaraki) CEORKA NS 5.5
41407 441.0
(Takatsuki) IMA ~Ns) | 34| 03
77250 IMA 304.0 54 9.4
(Settsu) (Osaka) (UD) ) )
726026 IMA 385.3 53 36
(Yawata) (Osaka) (EW) ) )
76027 IMA 449.8 53 3.8
(Oyamazaki) (Kyoto) (EW) ) )
76028 IMA 353.4 53 11.0
(Kumiyama) (Kyoto) (NS) ) )
77008
. . IMA 342.5
(ngaswh;})rodoga (Osaka) (EW) 5.3 12.1
77040 IMA 343.0 53 15.5
(Toyanaka) (Osaka) (NS) ) )
41406 425.6
(Mihoh) IMA EW) 53 | 13.6
77310 IMA 599.8 53 8.6
(Katano) (Osaka) (EW) ) )
76123 IMA 462.0
(Nishigyo) (Kyoto) Ns) | 3 | 148
77019 IMA 221.0
(Yodogawa) (Osaka) €&wy | > | 177
77080 IMA 443.9 59 06
(Takatsuki) (Osaka) (NS) ) )
77013 IMA 304.7 51 15.6
(Asahi) (Osaka) (NS) ) )
77060 IMA 315.2 51 13.4
(Suita) (Osaka) (EW) ) )
77160 IMA 412.5 51 91
(Neyagawa) (Osaka) (UD) ) )
77340 IMA 476.4 51 57
(Shimamoto) (Osaka) (EW) ) )
OSK003 NIED 317.4 51 16
(Toyonaka) (K-NET) (EW) )
TYN 261.7
(Toyonaka) CEORKA NS) 5.1
OSK004 NIED 351.6 50 11
(Shijonawate) (K-NET) (EW) :
KYTOI1 NIED 388.5 50 20
(Kameoka) (K-NET) (NS) :
KYTHO7 NIED 142.8 50 13
(Kumiyama) (KiK-net) (NS) )
76109 IMA 710.5
(Nakagyo) (Kyoto) Ew) | >0 | 228
76119
(Fushimi (I?’g’;) ) fg%;; 50 | 163
Mukaijima) Y
76118 IMA 369.4 50 14.0
(Fushimi Kuga) (Kyoto) (EW) ) )
76025 IMA 426.4 50 113
(Nagaokakyo) (Kyoto) (EW) ) )
77001 IMA 333.7
(Tsushima) (Osaka) Ew) | 30 | 179
AMA 200.6
(Amagasaki) CEORKA (EW) >0
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Fig. 16 PGV (left) and PGA (right) distribution by the
earthquake (Asano, 2018a)
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Fig. 17 Fourier acceleration amplitude spectrum for
selected JMA observation sites (JMA, 2018d)
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Fig. 18 Observed velocity waveforms at Kyoto
University Abuyama Observatory (ABU), K-NET
Takatsuki (OSK002), Takatsuki city hall (JMAS57F) and
Ibaraki Shirakawa (SRK) (Asano, 2018b)
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Fig. 20 Relation between PGA and PGV for the observed
ground motion at OSK002 with respect to previous

damaging ground motions (NIED, 2018)
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Fig. 21 Aftershock observation stations (after GSI map)
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Fig. 22 Earthquake horizontal-to-vertical spectral ratios
(EHVRs) derived from ground motion observed at
temporary aftershock observation stations shown in Fig.
20
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Fig. 24 The comparison between simulated PGV and
observed PGV (Sekiguchi et al., 2019) (Blue rectangles
denote the surface projection of fault models and colored
circles denote the observed PGVs)
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Table 2 Number of death and missing or injured people
(Emergency Response Office, Fire and Disaster

Management Agency, 2019)

. Injured
Pref. Death | Missing Severe Slight
Mie 1 1
Shiga 3
Kyoto 1 24
Osaka 6 56 329
Hyogo 4 38
Nara 4
Tokushima 1
Total 6 0 62 400

Table 3 Number of damaged residence and non-residence
(Emergency Response Office, Fire and Disaster

Management Agency, 2019)

Pref Damage to Residence Nlo)r?-rrr:;%getr(:ce
Total | Half Partial | public etc.

Shiga 3

Kyoto 9 3,323 17 3
Osaka 20 443 53,368 708 22
Hyogo 1 2 152 32

Nara 27

Total 21 454 56,873 757 25

Table 4 Number of damaged residents in Osaka
Prefecture (Disaster Prevention, Crisis Control Caution
Group, Osaka Prefecture, 2018)

City Total Half Partial Total
Damage | Damage | Damage | Number
Takatsuki 11 225 20,087 20,323
Ibaraki 3 177 15,739 15,919
Settsu 0 17 2,249 2,266
Suita 0 5 3,050 3,055
Hirakata 1 10 5,831 5,842
Minoh 0 25 673 698

KIEAFIZBT DEFHEL, Table 4177 X 912,
R E T E M T320,3238, KA TE15,919
BThy, HhEOEL 2SO FH TH-T-. —F, Bl
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Table 5 Damage to Lifelines and Recovery Period (after
Kuwata, 2018)

Damage, Functional
D Recovery
amge
Shutdown for max.170 R_ec_overed
- . within three
Electricity | thousand households in
hours of the
Osaka and Hyogo Prefs.
same day
Failure in Takatsuki and | Recovered early
Water Suita cities. Leakage morning the
Suppl throughout Kinki area. | next day. Turbid
PPYY Total 90 thousand water lasted
households. several days.
Supply stopped for 110 Recovered 4
Natural thousand households days after (June
Gas within the Osaka Gas Y 22md)
service area )
Suita 150 thousand lines were | Recovered the
affected next day.
Some of Sanyo and
. Tokaido Shinkansen
Hirakata
was cancelled, many
were stopped
74 flights that were
scheduled on June 18t
Minoh to depart/arrive were
cancelled (ANA and
JAL)
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Fig. 26 Progress of recovery of natural gas pipelines as
of June 2152018 (Osaka Gas, 2018c¢)
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