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Abstract

On June 18, 2019, there was a magnitude 6.7 earthquake at a depth of about 15 km off the coast
of Yamagata Prefecture. A seismic intensity [Japan Meteorological Agency Seismic Intensity Class;
JMA] of 6+ [larger] was observed in Murakami City, Niigata Prefecture, and a seismic intensity
of 6- [smaller] was observed in Tsuruoka City, Yamagata Prefecture. The authors conducted a
damage survey from June 29 to July 1 after the earthquake and conducted microtremor array
observations at nine points centred on the strong motion observation points in October. The
ground structure [layer thickness and Shear wave velocity] of the surface layer was estimated
from the observation of the microtremor array and compared with the existing ground structure.
In addition, a comparison of the ground amplification characteristics obtained from the ground
structure and the strong motion observation records could be divided into three groups. That
is, a group that is consistent and has a peak in a short period of 0.2 s or less. Consistent group
with peaks around 0.2-0.4s. A group in which the predominant period of strong motion records
is slightly longer. Therefore, a simple study using equivalent linear analysis was carried out in
order to consider the non-linearity of the ground. As a result, considering the non-linearity of the
ground, the result can be explained including the group with a long period of predominance.

Key words: strong motion observation, microtremor observation, amplification characteristics,
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1 Introduction

On June 18, 2019, there was an earthquake of magnitude 6.7 at a depth of about 15
km off the coast of Yamagata Prefecture. Seismic intensities [IMA] of 6+ [larger] and 6-
[smaller] were recorded in Murakami City, Niigata Prefecture and Tsuruoka City, Yama-
gata Prefecture, respectively.

Along the Sea of Japan, large earthquakes have occurred many times near the present
hypocenter: the 1833 Shonai-Oki Earthquake (M:7.4), the 1964 Niigata Earthquake
(M:7.5), and the 1983 Sea of Japan Earthquake (M:7.7). On land, the 1894 Shonai Earth-
guake with the hypocenter located in the Shonai Plain in the north (M:7.0) led to ma-
jor damages with 726 deaths, 987 injuries, 3858 homes destroyed, and 2148 homes
burned [1, 2]. Photographs show old wooden homes (some with thatched roof) that
were completely destroyed [3].

Authors conducted a survey of the damage between June 29 - 11 days after the Earth-
quake- and July 1 [4]. In October of the same year, authors confirmed the reconstruc-
tion stage and observed microtremors around the point of the strong seismic motion
observation. Using the summary of the damages and routine microtremor observations
and strong seismic motion observations, authors examined ground amplification char-
acteristics especially for the shallow zone [about GL- 50 m].

2 Summary of seismic damages

Table 1 shows the list of damages to people and buildings (residential buildings and
non-residential buildings). Damages were concentrated in Yamagata Prefecture and
Niigata Prefecture, where majority of damages was focused around Tsuruoka City,
Yamagata Prefecture and Murakami City, Niigata Prefecture [5, 6]. Immediately after
this Earthquake, there was a tsunami with the highest wave of 11 cm in Nezugaseki,
Tsuruoka City.

The damage survey confirmed damages to buildings mainly around the point of strong
seismic motion observation. Damage to roof tiles was quite notable in Koiwagawa, Tsu-
ruoka City near the hypocenter (Figure 2, KOIWAGAWA). Damages to roof tiles in Koiwa-
gawa were observed in about 30 % of roofs in our visual observation, which was consist-
ent with aerial photographs taken by Geospatial Information Authority of Japan [7] and
other damage surveys [8]. In hot spring areas near the epicenter (Figure 2, YMTOO04), we
surveyed the ratio of headstones that fell in two cemeteries. It was about 30 % in Cho-
tokuji and about 10 % in Atsumi Hot Spring community cemetery, which was consistent
with the measured seismic intensity [9, 10].
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Table 1. List of seismic damages

Parsonal damage Residential damege Non-residential damege
i (People) (Building) (Building)

Serious | Minor c:)w:;est: co::::se '::ﬂ'::!: Public Other
Miyagi pref. o 5 o o o o o
Akita pref. 1 1 o o 1 o 1
Yamagata pref. 3 25 o 4 940 o 5
Niigata pref. 4 3 o 24 639 o o
Ishikawa pref. 1 u] o o o o
Total 9 34 28 1580 0 6
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3 Geomorphology / geology and observation points of strong
seismic motion

The microtopography classification (J-SHIS, 250-m mesh) near the hypocenter is shown
in Figure 2. The Figure also shows the epicenter and survey points (measured seismic
intensity for observation points of strong seismic motion). The hypocenter was off the
coast near the boundary between Niigata Prefecture and Yamagata Prefecture, and the
closest land area is mountainous. This mountainous area has narrow dendritic plateaus
and lowlands, and nearby survey points mostly are located in dendritic plateaus or low-
lands (YMTOO4, KOIWAGAWA, FUYA, NIGOO6).

In the north side of the mountainous area, Shonai Plain was developed by Mogami River
and Aka River. YMTO16 is located in the fan where the landscape of the Mogami River
basin changes from mountains to lowlands, while YMT0O1 is located in a sand dune
near the mouth. YMTOO3 is located near the edge of a fan in the Aka River basin.

In the south side of the mountainous area, Shinano River and Agano River have formed
the Echigo Plain. The northern part of Niigata Prefecture that we surveyed is located
in the northern edge of the Echigo Plain. Two points of observations for strong seismic
motions are both located in fans near the boundary between mountainous area and
lowlands (NIGOO7, NIGO08).

4 Records of strong seismic motions and microtremors and ground
amplification characteristics

4.1 Ground structure

In the present study, ground amplification characteristics were examined in nine loca-
tions: seven locations near strong seismic motion observation made by K-NET in north-
ern Niigata Prefecture and southern Yamagata Prefecture shoreline, one location near
a seismic intensity measurement point for Japan Meteorological Agency (FUYA), and
one near Koiwagawa, Tsuruoka City, where seismic damage was notable (KOIWAGAWA).
At each point, microtremor array observation (two arrays with radius of 0.6 m and 10
m) [11] was performed. S wave structures obtained from the observation are shown in
Figure 3. K-NET observation points in the Figure include published S wave structures
and S wave structures calculated from N value [12]. Overall, values are consistent, but
there are slightly different trends at YMT003 and NIGOO6. At YMTO0O3, array observa-
tion shows a layer with low Vs at depth (Vs obtained from N is consistent with array
observation). In contrast, at NIGOO6, PS log shows a layer with low Vs at depth (Vs ob-
tained from N is consistent with PS log).
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Figure 3. S wave structure at the survey points

4.2 Examination of ground amplification characteristics

From Vs structure (PS log and microtremor array), we calculated a ground transfer
function that assumes vertically incident S wave [13]. In addition, for the microtremor
H/V spectral ratio (MHVR), 20.48 seconds were isolated from the observation results
from the center of the array, which was smoothed with Parzen window with the band
width of 0.3 Hz. H/V spectral ratio of seismic intensity record (June 18, 2019) obtained
through smoothing in the same manner as microtremors (EMHVR) and transfer func-
tion are shown in Figure 4. If ground structures by PS logging and microtremor array
are the same, transfer function and predominant period of MHVR and EHVR would be
generally agree, being consistent to existing results [14]. We classified the results into
three groups, A, B, and C, based on the spectral characteristics. Comparing with the
ground structures in Figure 3, we can confirm the corresponding relationship between
ground and spectral characteristics.
A: All peaks in short periods of 0.2 seconds of less

Locations: YMT016, YMTOO4, (KOIWAGAWA)*

Ground: — Vs = 400 m/s at 10 m to the surface
B: Generally, peaks with periods of 0.2 to 0.4 seconds

Locations: FUYA, NIGOO7, NIGOO8

Ground: Vs = 400 m/s from 10 m down
C: Only peaks of strong seismic motions or long periods

Locations: YMTOO0O1, YMTOO03, NIGOO6

Ground: Soft with Vs < 200 m/s in the top 10 m
*: KOIWAGAWA was judged based on the result of microtremor only
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4.3 Impact of ground nonlinearity based on seismic record

In the group C, compared to MHVR, peaks of EMHV were shifted toward longer periods.
A reason for this is the nonlinearity of the ground. Here, we attempted an analysis with
seismic record with different sizes of seismic motion. Table 2 show maximum accelera-
tion of the present earthquake (synthesized), measured seismic intensity, and AVS30
obtained from microtremor array. Table2 shows that the group C has higher measured
seismic intensity compared to other observation points. We assumed that the ground
has become nonlinear with the input of large seismic motion, and obtained and com-
pared EHVR from seismic motion data with small input for three locations in group C.
We focused on the measured seismic intensity for seismic motion, and randomly se-
lected about ten seismic motions each for seismic intensity of 3 to 4, 1 to 2, and 0.5 or
below. We obtained the mean spectrum from each EMHV (Figure 5).
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Figure 4. Spectral characteristics of survey points
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At YMTO003 and NIGOO06, EHVR from June 18, 2019 was shifted to a somewhat long-
er period, indicating the impact of nonlinearity of the ground. At YMTOO1, however, a
clear difference could not be confirmed. At this point, compared to other points near
the mouth of Mogami River, soft and weak ground is relatively thick, and sand becomes
more dominant as the area is dominated by sand dunes. Since the existing microtremor
observation results [15] and spectral characteristics are different, it is possible that the
result of microtremor observations is unique. We plan to conduct detailed examination
at a later date.

Table 2. Seismic record (June 18, 2019) and ground at observation points

5 No. PGA si Epicenter Dist. AVS30°
[gal] [km] [m/s]
YMTO16 175.9 4.1 51 530
A YMTOO4 653.4 5.2 10 519
KOIWAGAWA - - 8 601
FUYA 1191.3 6.1 12 317
B NIGO07 145.4 4.2 42 475
NIGO08 88.3 3.7 62 416
YMTO0O1 102.0 4.5 45 258
C YMTO03 269.8 5.3 31 210
NIGO06 250.6 4.8 17 391
*AVS30 is calculated from microtremor array observation
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Figure 5. Changes in EHVR due to the size of seismic motions (C group)

4.4 Impact of ground nonlinearity in numerical simulations

In Section 4.3, we examined the impact of ground nonlinearity based on actual observa-
tion record. We conducted an equivalent linear analysis of the ground. The equivalent
linear analysis was conducted with SHAKE. For the setting of nonlinearity of the ground,
laboratory soil test is ideal. However, such laboratory soil test was not conducted for the
target area. Thus, referring to papers presented by Architectural Institute of Japan [16],
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such as Koyamada et al. [17], we distinguished sand and clay. Nonlinearity of each type
of soil is shown in Figure 6.

A flowchart of the study is shown in Figure 7. We set the above-describe nonlinearity
relative to the linear model used to obtain the transfer function. On the other hand, we
analysed the ground record of the present Earthquake again to obtain the seismic mo-
tion of the bedrock. Using a model of the bedrock seismic motion and nonlinearity, we
conducted the equivalent linear analysis and obtained the transfer function of the bed-
rock and the ground surface. Figure 8 shows the transfer function of the linear model
and the transfer function of the equivalent linear model that uses the present seismic
record.

The Figure shows that Group B with little difference in peak periods of MHVR and EHVR
had nearly the same transfer function in the present examination. On the other hand, in
Group C with a longer period for EHVR compared to MHVR, the equivalent linear analy-
sis had a longer period than the linear analysis, confirming a similar trend.

1.0 25
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0.0
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Figure 6. Strain-dependent characteristics used in the analysis

I Linear model | | Earthquake record |
! !
Non-linear Calculate the base
model wave by linear analysis
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Comparison v
Transfer function of Transfer function of
linear model non-linear model

Figure 7. Flowchart of an equivalent linear analysis
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Figure 8. Test result of an equivalent linear analysis

5 Conclusions

We summarized the damages from the 2019 Yamagata Earthquake that occurred on

June 18. We examined ground amplification characteristics using microtremor observa-

tions and so on. The results are summarized below:

- Koiwagawa, where the seismic damage was most notable, has a bedrock character-
ized by short period.

- Areas of short-period ground tend to have large acceleration. If the acceleration is
large, the damage caused by flying objects will increase.

- This resultis consistent with the main seismic destruction being damage to tile roofs.

- Through observations of strong seismic motions and the equivalent linear analysis,
we confirmed that the vibration characteristics changed due to nonlinearity of the
ground.
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