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ABSTRACT

Mw6.2 earthquake event hit Kumamoto prefecture, Japan, at 21:26, April 14th, 2016. Second Mw7.0 earthquake event
hit Kumamoto and Oita prefectures at 01:46, April 16th. These epicenters were estimated in about 10km distance, and
the hypocenter depths were 11km and 12km, respectively. Japan Meteorological Agency (JMA) named the sequence of
earthquakes 'The 2016 Kumamoto Earthquake'. Many human casualties with collapse of wooden houses were occurred
in residential area around Mashiki Town Office due to the 2016 Kumamoto Earthquake. In particular, the serious damage
was concentrated in “Sandwich Area” between Prefectural Route 28 and Akitsu River. We carried out temporary
earthquake observation in Sandwich Area based on the serious damage due to the foreshock, and succeeded the
observation of the strong ground motion in the area during the main shock. The value of JMA seismic intensity of the
observation record was 6.9, and was the greatest value in Japanese earthquake observation history. We also created
the aftershock observation site with high density and wide area data, and evaluated the site amplification factor in the
created station sites. In this study, densely located microtremor measurements were conducted within the residential
area of interest (which also includes the sandwich area). Relationship between several indices based on the calculated
microtremor H/V spectral ratio (e.g., Peak frequency, Trough frequency, T/R frequency ratio and MSR value) and the
data of the wooden house damage were also evaluated. As a result, the distribution of T/R frequency ratio agrees well
with the concentration sites of the serious damage of the wooden house. The high correlation will be useful for
conventional safety assessment in a residential land nearby an active fault.

1 INTRODUCTION quake'. Near-field strong ground motions have been obs-

erved during the 2016 Kumamoto Earthquake. Peak

Mwe6.2 earthquake event hit Kumamoto prefecture, Japan,
at 21:26, April 14th (local time: GMT+09), 2016. Second
Mw7.0 earthquake event hit Kumamoto and Oita
prefectures at 01:46, April 16th (local time: GMT+09). The
epicenters were estimated in about 10km distance, and
the hypocenter depths were 11km and 12km, respective-
ly. Japan Meteorological Agency (JMA) named the
sequence of earthquakes 'The 2016 Kumamoto Earth-
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Figure 1. Distribution of PGVs during the main shock.

ground velocity exceeded 100 cm/s at many stations (see
Figure 1), some of them scored VIl in the JMA intensity
scale, which is the maximum score. The very near-fault
ground motions, within one kilometer from the surface
fault (Shirahama et al. 2016) were observed in Nishihara
Village and Mashiki Town during the 2016 main shock.
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Phot. 1. Aerial photograph of the residential area of inter-
est around MTO by Aero Asahi Corp. on 15 April, 2016.
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Figure 2. Distribution of the observed JMA seismic inten-
sity at KIK, MTO, TMP sites during the main shock.
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Figure 3. Distribution of microtremor measurement sites
with high density in the residential area of interest.

Many human casualties with collapse of wooden houses
were occurred in residential area around Mashiki Town
Office (MTO; see Photo. 1) due to the 2016 Kumamoto
Earthquake. In Figure 2, especially the serious damage
was concentrated in “Sandwich Area (Hata et al. 2016a)”
between Prefectural Route 28 and Akitsu River. Hata et
al. (2016b) succeeded in recording ground motions at
sites of TMPO01, TMP02 and TMPO3 in the residential area
during the main shock by temporally installed
seismometers aiming at aftershock observation. Those
observed in the residential area show amplified ground
motion especially around 1s period that might have
caused serious damage to wooden houses.

Goto et al. (2016) analyzed ground motion in the
residential area of Mashiki Town. First, the soil non-
linearity was analyzed by using the surface and borehole
records at site of KiK-net Mashiki station (KIK). Optimal S-
wave velocity models to explain amplification spectra
clearly show a dependence of input levels of ground
motions. Relations of shear stiffness and damping ratio to
shear strain were estimated, and modeled as G- and h-
curves. Then, equivalent linear analyses are conducted
for KIK on the basis of the non-linear model. The synthetic

Photo. 2. Example of microtremor measurement condition.

surface ground motions agreed well with the observed
ones, especially at S-wave amplitude and phase for the
fore and main shocks. Moreover, we also conducted the
same analyses for TMP03. The synthetic motions well
represented the observed ones, and difference of spectral
accelerations was well explained by the analyses.

In addition, Hata et al. (2016c) created and increased
the temporary aftershock observation sites with high
density and wide area, and evaluated the empirical site
amplification and phase effects at the created station
sites. Hata et al. (2016d) also estimated the strong ground
motion at the created 20 sites during the main shock
based on the characterized source model considering the
site effects. At the results, Hata et al. (2016e) indicated
that the estimated ground motions in Sandwich Area are
larger than that in the other area. The estimated ground
motions are consistent with the damage data in the
residential area of interest. However, we have not
performed the ground motion estimation in the residential
area with very high-dense spatial location.

As the first stage, the ground shaking characteristics
based on microtremor measurement with very high-dense
spatial location in the residential area are evaluated in this
study. In particular, first, we conducted the microtremor
measurement at 365 sites in the residential area of
interest. Next, the microtremor H/V spectral ratios at 365
sites were calculated. Finally, relations of the several
indices based on the microtremor H/V spectral ratio (e.g.,
Spectral shape, Peak frequency, Trough frequency, T/R
frequency ratio and MSR value) with respect to actual
data of the wooden house damage are evaluated.

2 MICROTREMOR MEASUREMENTS

In Chapter 1, summary of estimation results of the strong
ground motion at 20 sites based on the empirical site
amplification and phase effects (e.g., Hata et al. 2016c)
were introduced. Since the estimation method is based on
observation records due to the aftershocks, it could
estimate the strong ground motion with high accuracy
(e.g., Hata et al. 2016d; 2016e). In this paper, we appro-
ached the evaluation of the ground shaking character-
istics based on the microtremor measurement with very
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Figure 4. Comparison of microtremor H/V spectra at 365
sites in all of the residential area of interest.
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Figure 5. Comparison of microtremor H/V spectra at 150
sites in Sandwich Area with the serious damage.
high dense spatial location and wide area in the
residential land of interest.

The microtremor measurements were conducted at 365
sites in the residential land of interest as shown in Figure
3. An example of the measurement condition is shown in
Photo. 2. For the specifications of the instrument for
microtremor measurement, refer to the original studies
(e.g., Senna et al. 2006). The measurement was done in
intermittent 9 days from June 3rd until November 13th
2016. The measurements were conducted for NS, EW
and UD components. The mean of the horizontal two
components were adopted in the calculation of the H/V
spectral ratio. The measurement was done for 30 minutes
(, 163.84 s ™11 sections), and the sampling frequency
was 100Hz.

The process to calculate a microtremor H/V spectral ratio
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Figure 6. Comparison of microtremor H/V spectra at 215
sites in northern area with the serious damage.
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Figure 7. Distribution of peak frequency of the microtremor

H/V spectra in the residential area of interest.
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Figure 8. Concept of a microtremor H/V spectrum.
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Figure 9. Old & new topographical map (Hata et al. 2016e).
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Figure 10. Geological map (AIST 2012).

Figure 13. Soil map (MLIT 2003).
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Figure 11. Subsurface geological map (MLIT 2003).

(Hata et al. 2014) is as follows. First, a high-pass filter of
0.1Hz is adopted, and seven time sections of 163.84s
each were extracted from the original data considering
recorded noise. Next, Fourier amplitude spectra for these
seven time sections were calculated with a Parzen window

Figure 14. Ground map (Kumamoto Prefecture Geotech-
nical Consultants Association 2003)

(band width of 0.05 Hz). Finally, a microtremor H/V spect-
ral ratio was calculated as the average of seven spectra.
Here, the frequency range to evaluate microtremor H/V
spectral ratio is from 0.2 to 10Hz considering the perform-
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Figure 15. Distribution of trough frequency of the H/V
spectra in the residential area of interest.
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Figure 16. Distribution of T/R frequency ratio of the H/V
spectra in the residential area of interest.

ance of the instrument for the microtremor measure-
ments (e.g., Senna et al. 2006).

3 PEAK FREQUENCIES

The microtremor H/V spectra at all 365 sites are shown in
Figure 4. A closer look to Figure 4 reveals a great
difference at 365 sites, including characteristics of the H/V
spectrum such as not only a peak frequency but also a
spectral shape in the residential area of interest. Figures 5
and 6 show the microtremor H/V spectra at 150 sites in
Sandwich Area and at 215 the sites in the other area. In
Figures 5 and 6, we can also find the great difference with
respect to the peak frequency and the spectral shape.
Regarding comparison between Sandwich Area and the
other area, we can find the shift phenomena to the lower
frequency zone of the peak frequency in mean of the both
of the H/V spectra.

Figure 7 shows the distribution of the peak frequency
(Ridge frequency: see the concept of Figure 8) of the H/V
spectra in the residential area of interest. As a candidate

Figure 17. Distribution of MSR value of the H/V spectra in
the residential area of interest.

for comparison to Figure 7, old & new topographical map
(Hata et al. 2016e), geological map (AIST 2012), sub-
surface geological map (MLIT 2003), landform classificati-
on map (MLIT 2003), soil map (MLIT 2003) and ground
map (Kumamoto Prefecture Geo-technical Consultants
Association 2003) are shown in Figures 9, 10, 11, 12, 13
and 14. In Figures 7, 10, 11, 12, 13 and 14, we can
confirm that distribution of the lower peak frequency in
marine & non-marine sediments, lowland deposits, valley
bottom plain and gley soil. In the comparison between
Figures 7 and 9, focused on Sandwich Area, we can also
find that distribution of the lower peak frequency on the
residential land developed in recent years.

4 EFFECTIVE INDICES

Figures 15 and 16 show the distribution of the trough freg-
uency (see Figure 8) and T/R frequency ratio as a robust
index (Goto et al. 2015; Hata et al. 2017, see the concept
of Figure 8) of the microtremor H/V spectra in the
residential area of interest. In addition, as a new index,
the distribution of MSR (Microtremor Spectral Ratio) value
is shown in Figure 17. Here, MSR value is defined by the
logarithm integration value of a micro-tremor H/V
spectrum between 0.2 and 10Hz with the reference of
DGS value (Hata et al. 2014; Okawa et al. 2017) and SAF
value (Hata et al. 2016f; Okawa et al. 2017). Figure 18
shows the concept of the calculation method of MSR
value considering the log-arithmic scale. Example of four
calculation results of MSR value are shown in Figure 19.
On the other hand, Figure 20 indicates the distribution
of the collapsed wooden house due to the fore shock and
the main shock in the residential area of interest. Here,
the distribution of the wooden house damage was based
on the reconnaissance reports by Yamada et al. (2016),
Hayashi et al. (2016), Matsuoka et al. (2016) and Sugino
et al. (2016). In Figures 7 and 20, the distribution of the
wooden house damage due to the 2016 Kumamoto
Earthquake is concentrated in downtown area in 1901. In
Figures 15, 17 and 20, we cannot find a similarity of
Trough frequency and MSR value with respect to the
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Figure 20. Distribution of actual data of the wooden house
damage based on effects of precedence studies

(Peak) frequency, Trough frequency and MSR value, the
significant correlations with respect to the data of the
wooden house damage were not confirmed. On the other
hand, creative one case based on T/R frequency ratio, the
similarity to the damage data was almost confirmed.
These comparison results suggest that T/R frequency
ratio of microtremor H/V spectrum is one of the effective
indices to evaluate the ground shaking characteristics in
the residential area of interest around MTO.

More detailed discussion for the estimation of the strong
ground motion estimation during the fore shock (Hata et
al. 2016g) and the main shock of the 2016 Kumamoto
earthquake sequence based on the distribution of T/R
frequency ratio of microtremor in the residential area of
interest remains as a subject for the future study.
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