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Quick Report on the 2016 Kumamoto Earthquake
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kine (Fig. 2). Its seismic motion exhibited massive Fig. 1: Acceleration time history of the main shock
destructive power comparable to that registered in OPserved at Kik-net Mashiki
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Bridges of the Kyushu Expressway and Prefectura
Highway 28 and in the Minamiaso region were ., ‘"MMHIE/Z0I6/AZIE0LZUD e
E 100 |
severely damaged. 4 ml
= 0 ——--w‘"f.,sww._u._.. Sl el S
On the Kyushu Expressway, the piers of the & |
. . . . . T =150 : : 1 1 1 - = 1
Kiyamagawa Bridge and Akizugawa Bridge, which O 5 10 15 20 5 30 9 40 45 50 G5 60

Time {anc)

had been reinforced against earthquakes, were not Fig. 2: Speed time history of the main shock obsgat
damaged; however, most of the steel bearings wet@K-net Mashiki (High Pass Filter: 0.05 Hz)
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damaged, and beams were displaced from the beagagsing an
uneven road surface. Also, several overbridges wWameaged. The
Furyo Overbridge collapsed onto the expresswapyiollg the main
shock early on the morning of April 16 (Photo 1).

On Prefectural Highway 28, there were several daahdgidges that
had been built based on design standards establafter the 1995

Great Hanshin-Awaji Earthquake. On the Okirihat&@&e, which is  Photo 1: Collapse of Furyo Overbridge
a five-span continuous bridge, rubber bearings \eoken at every Mo the Kyushu Expressway

abutment and pier, except for one pier
(Photo 2), and as a result, beams moveq
in the bridge-axial rectangular direction,
and reinforced concrete bridge piers
with  unbroken bearings suffered
bending damage. Additionally, on the
Tawarayama Bridge, there was
displacement of beams from the rubber §
bearings and buckling of steel beams. '

butment of Okirihata Bridge with brokerber bearings
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Photo 2: Al

In the Minamiaso area, the Aso-Ohashi
Bridge collapsed and was carried away
downstream due to slope failure (Photo 3). On tleaktiaso Bridge,
which had been reinforced against earthquakes déathpers, parts
mounted with dampers working in the bridge-axialediion were
damaged.

The investigation of damaged bridges indicated ihahany cases,
proactive measures such as the installation ofllaps® prevention

system had worked; on the other hand, howeveretiesre also Photo 3: Collapse of Aso-Ohashi Bridge
cases in which a structure with lateral displacencemstraints was due to slope failure

destroyed, exposing its weakness. These invesiigagisults call for

further study of measures to be taken againstdhapse of superstructures.

Damageto stone bridges and the ruins of Kumamoto Castle
These two earthquakes, the foreshock and the rhaicksboth of which

had a seismic intensity of 7, devastated many ef dtone bridges in /,’;‘
Kumamoto Prefecture and the ruins of Kumamoto €a3these included
the Tsujunkyo Bridge (constructed in 1854), which a nationally
important cultural property, the Nagayama Bridg878) and Tatekado
Bridge in Kikuchi City, which are designated astardl property by
Kumamoto Prefecture, and the Yasemegane Bridge 5§188nd

Monzengawamegane Bridge (1808) in Mifune Town, Whare also
designated as cultural property by Kumamoto PrafectOn these bridges,
stone walls collapsed and arch stones were dam&yedhe face of the
Tsujunkyo Bridge, a significant number of crackshvwa width of 5-10

. . . Photo 4: Deformation of the upper part
cm occurred in the covering soil between the stoakt and the stone 4 ihe stone wall of Tsujunkyo Bridge




pipe portion, and as a result, the upper part efdtone wall
swelled outward (red circle in Photo 4). It wasoalsund that
gaps had developed at many of the joint parts e@fthne water
pipes, and extensive damage and flaking were faanthe

plaster parts, indicating possible water pipe damathese
findings show that further investigation is neededlarify the

damage status of the water pipes. The photos ah@&bkuru

Bridge (Uki City, Photo 5) show the collapse statfsthe

masonry wall and bridge railings (Photo above), whide gaps
that developed between the arch stones and thkimgaaf those
stones (Photo below). The development of gaps lestwhe
arch stones was found to be very similar to theh astone
behavior observed in a vibration experiment usim@ieh stone
model. According to the report, however, the calapf arch
stones did not occur in these major earthquakgscdltypes of
damage include collapse and swelling of stone vealts falling

of bridge railings. On the other hand, major damagurred in
the ruins of Kumamoto Castle (Fig. 3) including ttmmplete g &% '
collapse of Kitajuhachiken-Yagura, Higashijuhachiéagura, Photo 5: Collapse status of the masonry wall of

Goken-Yagura, Akazunomon and Nagabei, which ariemeity Shimotsuru Bridge (Uki City) and gaps that
developed between the arch stc

important cultural property, damage to
26 structures such as turrets (yagura)
and gates, and the collapse of stone
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walls. Damage was found at 52
locations, and much of it was caused by
the main shock. '
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Fig. 3: Major damage to the ruins of Kumamoto Ge@Airticle from
May 8 Morning Edition of Kumamoto Nichi Nichi Shirah)

Landslide disasters
The 2016 Kumamoto Earthquake caused landslidesta Rdefecture, Saga Prefecture, Nagasaki Pretgcty
Miyazaki Prefecture and Kagoshima Prefecture ad a®lin Kumamoto Prefecture; the total number of
landslides has not yet been determined. Accordinghé disaster information from the Ministry of ldan
Infrastructure, Transport and Tourism (MLIT), howewvhe number of landslides was 125 as of Mayahd,94
of them occurred in Kumamoto Prefecture. There wenevictims (one missing person included), whoeaver
killed by mud avalanches. Many landslides occuirethe area including Minamiaso Village, where sgts
motion was strong, and it is assumed that mosheflandslides occurred early on the morning of IAp8i,
when the main shock hit this area.
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Photo 6: Large-scale slope failure that
caused the collapse of Aso-Ohashi Bridge

Photo 8: Surface failure that occurred on a

gently inclined slope

Photo 10: Surface failure on the south
slope of Mt. Eboshidake
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Photo 12: Collapse of the road leading to
Aso Choyo Ohashi Bridge
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Photo 7: Collapsed sediment and rock
mass deposited on gently inclined area

Photo 9: Weak argillaceous stratum, the
layer that caused the landslide, had formed
in the lower part of the akaboku soil
stratum. The Kusasenrigahama pumice fall
deposit can be seen under this layer.

Photo 11: Collapsed sediment blocked the
outlet of a valley, downstream of which is
the Sannodani River.

Photo 13: Damage and collapse of the
access road connected to the Aso Choyo
Ohashi Bridge




The landslide disasters in the earthquake werelynoktracterized by ground collapse at areas wtieze
surface layer consisted of volcanic ash soil. TheWing are major examples of the collapse: (13 lhssumed
that large-scale slope failure (deep-seated latets)i(Photo 6, 7) occurred when a massive vibrdtibithe
slope that had a weak plane, which had formed utideinfluence of weathering acting on the lavahweitacks
developed in the surface layer of volcanic ashthrtbasement stratum. Since the upper part ofréeevahere
the collapse occurred was steeply inclined, thesmawibration hitting that part caused crackirgding to the
collapse of the surface layer. It is considered thig collapse caused the collapse of the weathlere layer,
which is believed to have supported the surfacer]dius resulting in the large-scale collapseT{#$ was the
collapse of a slope with a gradient of less thah(Bboto 8). There was a very weak stratum (PhitevBich
had formed through the argillation of pyroclastdl fmaterial, beneath the relatively thick volcamish soil
layer (kuroboku soil/akaboku soil). When hit by ti@ssive vibration, the weak stratum became fleiliand
slid off a flattened basement stratum, the Kusagahama pumice layer, resulting in a large-scalesnfiailure.
It is considered that this was the collapse of awic ash soil layers and pyroclastic fall matenaluding very
few boulders. (3) As shown in the surface failuneMt. Eboshidake (Photo 10), in the area arounctérdral
cone, volcanic ash soil layers of the steeply imeddi slope collapsed in a continuous manner, reguitii a great
amount of collapsed sediment. Some of the soiirfigtl mountain streams and caused mud avalanches&Ver,
most of the sail fell into streams and remaineddah@®hoto 11), raising concerns about more disastnoud
avalanches after a heavy rain or intense rainstduming the rainy or typhoon seasons in the futur
Furthermore, in any type of slope collapse, langeks are found on the top or side of the uppetspzrthe
area where the collapse occurred, which showsftintdter slope collapse can take place at any tigheAs
shown in the picture of the road leading to Aso Yeh®hashi Bridge, roads collapsed and were damag
(Photo 12). This road collapse appears to have baesed by the collapse of volcanic ash soil oa,laince
the inclination of the collapsed part is gentlesd\lcollapse and damage of the road constructdtkisteeply
inclined area near Aso Choyo Ohashi Bridge werear&ably severe (Photo 13).

Many small-scale slope failures also occurred, argteat amount of soil collapsed into the same Itaduin
stream, and it remains on the slopes or in thastyehreatening to cause mud flows and devastatighe

downstream area after a heavy rainfall. Considetirggcurrent situation, and since it takes a lotioe to

prepare the hardware aspects of disaster-prevent@asures, presently it is most important to enbahe

software aspects of measures among the local psojleat they can escape disaster immediately areltheir
own lives. Furthermore, since deformation suchrasking has developed in some places of the slopdse

areas hit by intense quakes, it is necessary yoostéhe alert against slope collapse.

Damageto lifelines
The earthquakes on April 14 and 16 brought abowgree 50000
damage to lifelines such as electricity, gas andemve 350000 {—
supply (Fig. 4). About 200,000 households tempbyrar 5 **°°%
lost power, and as of the night of April 16, ab80{000

households were still without power, which we

without gas — ithout electricity

without water supply
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370,000 households were without water until onekwe o [ B
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without water as of May 10. City gas supply was ] _ o
Fig. 4: Restoration status of city gas, electriaityl water
suspended for about 100,000 households, but Wasgpply

gradually restored from April 20 and then complgtel
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restored by the end of April. Also, many generastwalisposal facilities, which are closely linkeddily life,
were damaged. Due to damaged combustion furnaces,giirbage disposal facilities were unusable for
prolonged time, making it difficult to dispose dkdster waste. As shown in Fig. 5, the number ateges,
which once exceeded 180,000, decreased with thieratien of water, gas and electricity supply; hoer
about 10,000 people were still living in 251 shaltas of May 11.

Traffic-related facilities were also severely daedg 200000 1000

——evacuees ——shelters

On the Kyushu Expressway, the section between t *°% A 900

. . 160000 800
Ueki Interchange and the Yatsushiro Interchange W _ 140000
Q

700
closed to traffic, but the entire expressway reepgen §120000 / I \;C\ =
on April 29. In addition, many roads including ®*"°° / \ \ o
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National Routes 3 and 57 and other highways we  so000 { \

closed to traffic due to damage such as sedime 40000 K -
disaster and road collapse. The transportatic ™" 100
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infrastructure was badly damaged, which also afict
public transportation. After the derailment of ar
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2016/4/25
2016/4/27
2016/4/29
2016/5/1
2016/5/3
2016/5/5
2016/5/7
2016/5/9
2016/5/11

out-of-service passenger train, operation of theiy  Fig. 5: changes in the number of evacuees ancesselt
Shinkansen was suspended, and then all other JBhKyu

train services were also suspended in the prefaciline Minami Aso Railway was severely damaged |
landslides, and presently it is not clear whenlitir@will resume normal service. Kumamoto Airporaswclosed
due to the collapse of ceilings in the terminallding and all flights were canceled, and due todhmage to
the movable bridge in Kumamoto Port, all ferry seeg were canceled. All express bus services dmdgallar
bus services except for those in the Arao City am@ the section between Arao and Tamana were leance
and Kumamoto City Streetcars and Kumamoto Ele®adway suspended operations. The Shinkansen li
partially resumed service on April 20, and senadcethe entire line resumed on April 27. KumamotopArt
resumed operations on April 19, and Kumamoto Porpril 22. Kumamoto City Streetcars partially rewed
service on April 19 and service on the entire Iresumed on April 20, and Kumamoto Electric Railwal
partially resumed service on April 20 and servicetloe entire line on April 23. Regular bus serviaesl JR
train services have been progressively resumed.

City halls and town halls, which can also serve -~
disaster-prevention centers, became unusable. PI
14 shows the city hall building of Uto City, in vehi

the fourth floor of the five-story building nearly
collapsed. Also, Yatsushiro City Hall, HitoyoshitZi
Hall, Mashiki Town Hall and Ozu Town Hall becam
unusable and could not serve as disaster-preven
centers. Additionally, foundation hospitals inchugli
Kumamoto City Hospital were not able to ta
critical-care patients due to damage to buildingd 3
interruption of electricity, gas and water suppiaich
brought about confusion at medical sites. Such ppqtg 14: City hall building of Uto City
damage to the disaster-prevention centers hindered

assistance for those affected.

Finally, we express our heartfelt condolences ¢oféimilies of the victims of the series of eartHesacentered
on the Kumamoto region, and our sincerest symplathgll those affected by the disasters.
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