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Figure 36. Ground depression-induced damage to

the residential house (Site 23 in Fig. 26) Figure 37. Digital image obtained by UAV around
(32°57'23.84"N, 131°2'12.31"E). the trough-like depression area (c.f. Fig. 26).
CONCLUSION

The Kumamoto earthquake sequence, M,, 6.2 shock on the 14™ of April and M,, 7.0 main shock on the 16™ of April 2016,
caused significant geotechnical and structural damage to various facilities in Kumamoto City and its suburbs in the Central
Kyushu Region, Japan. Meanwhile, restoration works have been progressing more quickly than expected. Authors
conducted preliminary damage survey immediately after the main shock (the 16-17" of April), one, and two weeks later
(the 22™-24" of April and the 29" of April to 1% of May). The results from the damage survey are summarized as follows:

Evidence of liquefaction was found over a wide range in the southern Kumamoto City. Liquefaction caused large
settlement and a number of cracks at the levee along Akitsukawa River. In addition, some residential houses and buildings
suffered from large settlement and/or tilting. According to the landform classification map, the locations of liquefaction-
induced damage are indicated as alluvial plain or fill, which may be linked to the loose soil condition. Significant damage
to Kyushu Highway, which might be caused by liquefaction, was observed at the site where an old river channel was filled
before the construction of the highway.

A variety of geotechnical and structural damage was observed in Mashiki Town and its suburbs. High collapse ratio of
residential houses was observed in Mashiki Town. The main cause of the damage to houses was likely due to earthquake
motion, whereas some houses were found to be damaged by the ground displacement. A section of Route 443 suffered from
significant damage in the form of ground failure and subsidence, however, the restoration work for such damage was
completed within a few days of the main shock. In addition, damage to retaining walls and road embankments were found
at many locations in and around Mashiki Town. Further damage to infrastructure including significant damage to large
bridges and a tunnel could be found along the prefecture road No. 28.

A number of moderate to large scale landslides occurred in Aso Caldera area. A huge quantity of debris from a landslide at
the west end of the caldera travelled a long distance and fell into Kurokawa River together with the Aso Ohashi Bridge. In
addition, many landslides occurred at relatively gentle slope during this earthquake. The debris of the landslides in Aso
Caldera area was a mixture of volcanic ash, andsol, a highly porous dark-colored material comprising of volcanic ash
mixed with organic matter, and pumice, which might have experienced significant strength reduction during the earthquake.
Hidden cracks in the slopes effected by earthquake will potentially increase the risk of further slope failure during the
upcoming rainy and typhoon season from June to October. Meanwhile, damage to the residential land and a reinforced soil
retaining wall was also observed in Aso Caldera area. A trough-like depression found in the basin of Aso Caldera caused
damage to residential houses and agriculture, however, the mechanism of the depression is not yet identified.
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