Inclination of houses induced by liquefaction in
the 2018 Hokkaido Iburi-tobu earthquake, Japan
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Abstract

angle meter at Utsukushigaoka.

Background: On September 6th, 2018, at 3:07 local time, a strong earthquake of magnitude Mw = 6.6 struck the
east Iburi region in Hokkaido, Japan. Many serious damages such as landslide, liquefaction and collapse of houses
occurred from this earthquake. Liquefaction caused road deformation and inclination of houses in Sapporo city,
Hokkaido. In order to understand the damage caused by the earthquake, and find a solution to mitigate the
liquefaction-induced damage in Sapporo city, a preliminary investigation of the 2018 Hokkaido Iburi-tobu
earthquake was conducted from 18 to 20 September 2018.

Results: The damages to the houses at Satozuka town and Utsukushigaoka town in Sapporo city are focused on.
The damage at Satozuka was so enormous that the residents could not continue to live in their houses. Although
the inclination of houses can be seen by visual inspection at Satozuka, there were few houses where the inclination
can be judged visually at Utsukushigaoka. Therefore we did a field survey of inclined houses by using a digital

Conclusions: The inclination of 57 houses at Utsukushigaoka was measured, and the maximum value and direction
of inclination are shown on the map. The houses located at the reclaimed land of the former river and former
valley plain were inclined. Therefore, the old terrain greatly affected to the inclination of houses. These liquefaction-
induced damage occurred in the same area where liquefaction occurred during the 2003 Tokachi-oki earthquake.

Keywords: The 2018 Hokkaido Iburi-tobu earthquake, Liquefaction, Damage to houses, Inclination of house

Background
A big earthquake occurred and hit Hokkaido, Japan on
September 6th, 2018. Many serious damages such as
landslide, liquefaction and collapse of houses occurred
by this earthquake. Liquefaction caused road deformation
and inclination of houses in Sapporo city, Hokkaido.
Many roads were inaccessible, and operation of emer-
gency vehicle was affected by the ground deformation
directly after the event. Inclination of houses also caused
health problems for the residents. Therefore, these dam-
ages were serious problems in Sapporo city, Hokkaido.
We conducted field surveys such as measurement of
inclination and interview to the residents of 57 houses at
Utsukushigaoka, Kiyota ward, Sapporo city in this
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research. The direction and angle of inclination of the
houses are shown on the map, and the map is compared
to the old topographical map and liquefaction history of
past earthquakes. Then, we discuss the mechanism of
inclination of houses by liquefaction.

Methodologies and findings

Outline of earthquake damage

An earthquake of about 35 km depth and Magnitude 6.7
occurred middle east of Hokkaido-iburi region at AM 3:
07 local time on September 6th, 2018. Figure 1 shows a
distribution of JMA (Japan Meteorological Agency 2018)
seismic intensity. A maximum JMA seismic intensity of
7 was observed at Atsuma town. The human damage of
this earthquake was 42 deaths, 31 seriously injured and
731 minor injuries. Table 1 lists an outline of the damage
caused by this earthquake (Cabinet Office 2018). The dam-
age to houses and buildings were 462 completely destroyed
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Fig. 1 Seismic intensity distribution of the 2018 Hokkaido Iburi-tobu Earthquake (Japan Meteorological Agency 2018)
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houses, 1570 partially destroyed and 12,600 slightly dam-
aged houses. Two thousand four hundred fifty-six non-
residential buildings were also damaged. The main cause of
these damages were landslides at Atsuma near the epicen-
ter. Fig. 2 shows the landslide that occurred at Atsuma. The
total area of landslides was about 13.4 km? according to the
Ministry of Land, Infrastructure and Transport, Japan. This
scale is the biggest in Japan since 1968. One of causes of
the landslides seems to be a large amount of water con-
tained in soil because of heavy rain caused by a strong
typhoon the previous day. It is considered that the descent
pumice layer deposited in this area is highly permeable, and
clay is formed by chemical weathering, therefore, landslides
are likely to occur.

Table 1 (a) The Human damage caused by the earthquake. (b)
The houses and buildings damage caused by the earthquake
(Cabinet Office 2018)

The human damage (person)

Deaths Seriously injures

42 31

Minor injuries
731

The damage to houses and bildings (building)

Completely Semi-damage Partially Non-residential
destroyed damaged
462 1,570 12,600 2,456

Liquefaction occurred in some areas. Uplift and sink-
ing of road and inclination of houses were caused by
liquefaction in the part of southeastern Sapporo city.
Enormous liquefaction-induced damage occurred in a
wide area of Satozuka and Utsukushigaoka, Kiyota ward,
Sapporo city. The present study focuses on the damage
to houses induced by liquefaction.

Furthermore, all power plants in Hokkaido stopped,
and a massive power outage of 2.95 million households
occurred. The blackout was completely eliminated on
October 4th. Water supply also stopped in Sapporo city
and some towns. Water stop continued at Atsuma for
more than 1 month.

Liquefaction in Kiyota ward, Sapporo city

Uplift and sinking of road and inclination of houses
were caused by liquefaction in the part of southeast-
ern Sapporo city, where hilly land consisting of pyro-
clastic flow sediment of Shikotsu volcano. Enormous
liquefaction damage occurred in a wide area of Sato-
zuka and Utsukushigaoka, Kiyota ward, Sapporo city.
Fig. 3 shows the location of Satozuka and Ustukushi-
gaoka. Some photographs of the damage at each site
are shown in Fig. 3. The ground deformation due to
liquefaction was the largest and the ground was set-
tled down about 2.0 m at Satozuka 1 jo (Wakamatsu
and Onoue 2018) shown as yellow portion in Fig. 4.
Figure 4-Oshows settlement of the ground and
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Fig. 2 Landslide at Atsuma town

inclination of the houses are remarkable and water
puddles formed in front of the house. The road
shown in Fig. 4-® collapsed, and traffic using vehicles
was difficult. Since the ground level before the earth-
quake was at the top of this utility hole in Fig. 4-®,
it is considered that this road subsided about 1.2 m.

The inclination of the surrounding houses was large.
Figure 4-® shows accumulated sand in height of
about 1.3m. It is thought that a large amount of li-
quefied sand ejected at the sites of Fig. 4-© to ®
was accumulated at the location of Fig. 4-® because
the location of Fig. 4-®@ is lower than the sites of Fig.
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Fig. 4 Liquefaction-induced damage at each point

4-@® to ®. In this area, tension cracking was not seen
so much, so it can be inferred that the lateral spread-
ing is not large.

The green portion in Fig. 4 indicates Utsukushigaoka 1
jo. There were many inclined houses due to liquefaction.
The houses shown in Fig. 4-® seems to suffer no dam-
age at first glance, but inclination of houses occurred.
Most of the residents continued to live at the inclined
houses just after the earthquake, but many residents
moved without being able to withstand the inclination of
houses after around 1 month.

The red portion in Fig. 4 indicates Utsukushigaoka
3 jo. Many houses suffered inclination by liquefaction.
The inclination of the house shown in Fig. 4-® was
the second largest inclination in Utsukushigaoka. The
residents of this house moved soon after the earth-
quake. The surrounding ground of the house shown
in Fig. 4-@ subsided, and there was a gap between
the stairs and the ground. The inclined houses shown
in Fig. 4-® were inclined to the direction of each
house. The right house was with the largest inclin-
ation in the Utsukushigaoka. The utility pole shown
in this photo has settled about 1.8 m (Wakamatsu
and Onoue 2018).

Although the inclination of houses can be seen by vis-
ual inspection at Satozuka, there were few houses where
the inclination can be judged visually at Utsukushigaoka.
Therefore we did a field survey of inclined houses by
using a digital angle meter in Utsukushigaoka.

Investigation of inclination of houses by liquefaction
Overview of field survey

Utsukushigaoka, Kiyota ward, Sapporo city was selected
as a target area in this research because the inclination
of houses caused a serious health problems of the resi-
dents and the liquefaction also occurred in the past
earthquake. The maximum JMA seismic intensity of
Utsukushigaoka 1ljo and 3jo was 5 * and the maximum
horizontal acceleration at the strong motion station (K-NET
HKD 182) closest to the Utsukushigaoka was 205.8 gal.

The field survey was conducted on September 19th
and 20th, about 2 weeks after the earthquake. The
survey was conducted by using a “Neoteck Digital Angle
Meter” to measure the inclination of the four outer walls
of each house.

Results of measurements

Figure 5 shows inclination of the outer wall of the
houses in Utsukushigaoka 1 jo and 3 jo. The inclination
is shown in color-coded of every 0.25 degree on the
map. Vector synthesis was performed in two orthogonal
directions and the direction of inclination with larger
inclination is indicated by an arrow in this figure. If the
maximum inclination and the synthesized inclination are
less than 0.25 degree, vector synthesis is not performed
and only the direction of the maximum inclination is
shown. The location of largest subsidece of road is also
indicated by red cross in this figure. It is found that the
houses that were greatly inclined were adjacent and that
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Fig. 5 Magnitude and direction of inclination of houses
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such houses are inclined in the same direction according
to Fig. 5. The houses were also inclined in the direction
of the largest subsided road. These houses have almost
the same wooden structure and were constructed 29
years ago.

The houses in the vicinity of the subsided road, houses
A to C are listed in Table 2. These houses with large
inclination are located near the park (Utsukushigaoka
Sumire Park) where many sand volcanoes appeared by
liquefaction. The houses B and C were greatly inclined
in the direction of the subsided road. The inclined
houses located along the main street are listed in Table 3.
Houses D and E were inclined in the north direction,
Houses F and G were inclined to the west direction. The
houses where the inclination were great in Utsukushi-
gaoka 3 jo are listed in Table 4. The inclination of the

Table 2 Inclination of houses (Utsukushigaoka 1jo, A to Q)

outer wall of the house J was 2.58 degree, which was the
largest inclination among the surveyed houses. The second
largest inclination house H was inclined 2.40 degree.
Houses H and J were inclined to the southeast direc-
tion, and house I was inclined in the southwest direc-
tion. The houses J and I were inclined to the front
road. These results revealed that most of the large in-
clined houses inclined to the same direction.

The number of houses in each inclination angle is
shown in Fig. 6. Kohiyama and others conducted a hear-
ing survey on health problems for residents who suffered
liquefaction damage during The 2011 Tohoku earth-
quake, and dizziness gradually occurred when the inclin-
ation angle exceeded 1/100 (0.6 degree), revealed that
health problems occur. Health problems may occurred
at the houses with an inclination of 0.6 degree or more

House A

Picture

1.99° northwest

Inclination Outer wall
Inner wall -

Floor -

1.54° southwest

2.25° northwest
- 135
— 1.93°
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House D

Picture

Inclination Outer wall 1.86° northeast
Inner wall 1.72°
Floor 220°

1.57° north 1.72° west 1.32° west
212° 231° 1.83°
1.94° 222° 2.14°

(Kohiyama et al. 2012), and about 53% of the surveyed
houses exceeded it. Survey of inclination of houses was
conducted again 1 month after the earthquake. Inclin-
ation of houses increased more than 1.8 degrees in some
cases by the aftershocks. There were two aftershocks
that exceeded JMA seismic intensity 5 between our first
and second field survey, and there were houses with
large inclinations due to this aftershock. It was difficult
for the residents to live there and most of decided to
move. Since there are many residents who have difficul-
ties in living, it is thought that the impact of inclination
of houses caused by liquefaction on resident’s quality of
life very serious.

Discussion

Hokkaido has frequently suffered damages induced by
liquefaction, such as in the 1952 Tokachi-oki, the 1993
Kushiro-oki, the 2003 Tokachi-oki earthquakes. The
enormous liquefaction damage caused by the 2003
Tokachi-oki earthquake in Sapporo city. The liquefac-
tion in the 2018 Hokkaido Iburi-tobu earthquake is
compared with that in the 2003 Tokachi-oki earthquake
here.

Figure 7 shows areas of ground deformation and in-
clination of houses in the 2003 Tokachi-oki earthquake
according to reconnaissance report of the Japanese Geo-
technical Society (The Japanese Geotechnical Society

Table 4 Inclination of houses (Utsukushigaoka 3jo, H to J)

2018). The surveyed area and the houses with an inclin-
ation of 0.51 degree or more in the present study are
also indicated in this figure. This figure reveals that
liquefaction-induced damages in both earthquakes oc-
curred in the vicinity of the former river, and the dam-
age area in the 2018 Hokkaido Iburi-tobu earthquake is
considered to be more extensive than that in the 2003
Tokachi-oki earthquake.

Figure 8 shows an old topographical map of Kiyota
ward, Sapporo city in 1961(Geographical Survey Insti-
tute 2018). According to this map, Utsukushigaoka was
valley. Figure 9 is superimposed the past terrain on Fig.
5. According to this figure, the houses built in the
former valley were inclined. It can be seen that houses
A, B and C with large inclination and largely settled
road were located at the former valley. Houses D and E
were inclined in the direction of north and houses F and
G in the west direction. These areas were formerly flood
or valley plain. Houses H, I and J are also located at the
former valley. It is clear that the direction of inclination
of the houses coincides with the direction of former val-
ley or flood plain.

The surveyed areas of this study was originally
recessed areas that erodes mountains, plateaus and ter-
race, then the area was reclaimed for residential houses
in 1965. Houses D to F and G were located at the
former flood and valley plains, houses A to C and H to ]

House H

Picture

2.40° east

Inclination Outer wall
Inner wall -

Floor —

2.58° southeast

2.10° southwest
162° -
140° —
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were located at the former bottom of valley plains. It
was revealed that the inclination damage of houses due
to liquefaction is greatly affected by the old topography.
According to a survey of the Civil Engineering Research
Institute for Cold Region, it is known that the survey
target site is about 3m of filled volcanic ash and the
groundwater level is about 1 m. The groundwater is very

shallow and it is considered that the ground is a high
possibility of liquefaction.

Conclusion

The present study introduced the damage to houses
induced by liquefaction in the 2018 Hokkaido Iburi-tobu
earthquake. The damages to the houses at Satozuka and

Former river

Contour line of 1965
Elevation point in 2003
Settlement of road (2003)
Inclination of houses (2003)

)
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]
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Fig. 7 Inclination of houses in the 2003 Tokachi-oki earthquake and the 2018 Hokkaido Iburi-tobu earthquake (The Japanese Geotechnical
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Utsukushigaoka in Sapporo city are focused. The dam-
age at Satozuka was so serious that the residents could
not continue to live there. Although the inclination of
houses can be seen by visual inspection at Satozuka,
there were few houses where the inclination can be
judged visually at Utsukushigaoka. Terefore we did a
field survey of inclined houses by using a digital angle
meter in Utsukushigaoka.

The inclination of 57 houses at Utsukushigaoka, Sapporo
city was measured, and the maximum value and inclination
direction were shown on the map. The houses located at
the reclaimed land of the former river and former valley
plain were inclined. Therefore, the old terrain greatly af-
fected the inclination of houses. These liquefactions induced
damage occurred at the same area of liquefaction occurred
in the 2003 Tokachi-oki earthquake.

Health problems may occurr at houses with an inclin-
ation of 0.6 degree or more, and about 53% of the surveyed
houses exceeded this. Survey of inclination of houses was
conducted again 1 month after the earthquake. Inclination
of houses increased more than 1.8 degree in some cases by
the aftershocks. The residents found living there difficult
and most of residents decided to move. Therefore, it is con-
sidered that countermeasures to liquefaction of detached
houses are necessary because liquefaction induced damage
to houses has a great influence on the health of residents.
Since liquefaction measures for houses are not widely used
at present, in areas where there is a high risk of liquefaction,
it is necessary to take measures to reduce such inclination
damage.
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