














EM ERGENCY COUNTERMEASURES

Emergency countermeasures conducted to slow the landslide movement included drainage of
underground water and counterweight filling at the toe.

Horizontal drilling was carried out to drain underground water flowing into the landdide. The
work required special care to prevent water from entering the drilling holes and to minimize
vibration so as not to activate thelandslide Therefore, rotary drilling, rather than rotary percussion
drilling, was adopted due to its light weight, which enabled the instrument to be carried by a
monorail and shortened the time required for completing the work. The counterweight filling
work at the toe of the landslide was carried out in cooperation with Atami city, which officialy
ordered the removal of the car repair factory.

Historically, part of the highway near the landdide had collapsed when resort apartment
buildings were constructed in 1973. Although steel piles with two rows of anchors were
subsequently installed in the shoulder of the road, a part of the upper row was not functioning in
2003.

Judging from the results of boring and the history of landdide disasters in the area, it was
estimated that the counterweight filling work could be effective only in the area of weak
geologica soils, including the highway area, because the filling could actually trigger further
movement of the landslide, possibly damaging hotels and resort apartment buildings. Therefore,
inclinometers were set up over the landslide, and crack-gauges were installed on the highway,
such as on the concrete block retaining wall, in order to detect the landslide movement (Figure 8).
The counterweight filling work was continued step by step with careful monitoring.
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Figure 8. Location of installations for structure (concrete block wall, etc.)

The safety factor of the slope was initially estimated to be Fs = 0.95, and counterweight filling
work was expected to increase the factor to 1.00. The factor, however, could not be measured
directly, and had to be estimated based on observation while the counterweight filling and boring
works were under way. Furthermore, the depth of the slide surface had to be determined by
observation and monitoring using several installations. Fortunately, the counterweight filling
work required only a short period by utilizing a stock of concrete wave-dissipating blocks (1 m
cube) to establish the foundation of the fill (Figure 9).

While the counterweight filling work was carried out under careful observation and monitoring
by watchmen and installations, water flow from a concrete block retaining wall on the side of the
national highway started increasing. Although the water seepage was located 10 m lower than the
dlide surface, it was assumed that the water was related to the landslide movement. Subsequently,
work for draining the underground water was planned and conducted in order to make the
counterweight filling effective and reduce the water pressure against the concrete block retaining



wall. Judging from the circumstances of neighboring structures, three deep wells, each of 25 cm
in diameter, were set up from December 29 to 31 (Figure 10). The wells pumped up and drained
water to mitigate the landslide movement. The depth of water in each well was around 11 m and a
large volume of underground water was effectively drained.

The landdide movement was initialy 20-30 mm/day when it was discovered, but this was
dowed to 3-5 mm/day from late December to early January following the progress of emergency
measures (counterweight filling work, horizontal drilling, and deep well).
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Figure 10. Location of deep well



EVACUATION ADVISORY AND TRAFFIC CONTROL

Because of the heavy traffic along the highway (15,000 cars/12 hours) as well as many hotels
and resort apartment buildings in this area, a landslide would have caused huge damage to the
local community. Therefore, an evacuation area was set up (Figure 11), and meetings to explain
the circumstances to the residents were held to make them aware of the landslide and the
evacuation system in advance (Figure 12).

The committee for countermeasures against the landslide of the Nishikigaura area presented
the data of extensometers and rainfall, and announced control evacuation standards and traffic
closures in response to the landdlide. The landdlide control standards were as follows.

1) In case of displacement of 2 mm/hour and continuous slope failures of small areas, an
evacuation advisory and traffic closure would be implemented, and information about
the landdlide movement would be reported to the police.

2) In case of displacement of 2 mm/hour for 2 hours continuoudly, total rainfall of >60 mm
and hourly rainfall of >15 mm, an evacuation advisory would be announced and the road
would be closed. Fire alarm devices would be used to inform tourists staying at hotels

and resort apartment buildings.

Figure 11. Region of evacuation advisory
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CONCLUSION

The landdide in the Nishikigaura area in Atami city, Shizuoka prefecture was noticed as a
result of uplifting of the pavement of national highway No0.135 on November 29, 2003. Further
investigation of the landdide followed. The authorities were concerned about the toe of the
landslide in particular, which reached the highway that is the lifeline of the economy and industry
in Izu Peninsula. It was even considered at one stage that evacuation and traffic closure were
inevitable, since movement of the landslide had reached up to 30 mm/day. However, the situation,
which could have greatly damaged the tourist industry during the busy new-year holiday season



and threatened human lives as well as the local economy due to prolonged traffic closuresin lzu
Peninsula, was avoided through desperate efforts to stop the landslide movement.
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Figure 12. Observation system

Shizuoka prefecture reinforced the system for monitoring the landdlide, conducted field
surveys and introduced emergency measures (counterweight filling work, horizontal drilling, and
deep wells). As aresult, the landslide slowed down after 1 month, and the area was no longer in
danger. This series of experiences highlighted the importance of early detection of landslides and
suitable countermeasures.

Long-term countermeasures for the landslide in the area have now been completed. Shizuoka
prefecture, Atami city, the fire authorities, and local residents together helped contain the damage
caused by the landdlide. The case reported here is an excellent example of emergency landslide
measures swiftly conducted in a populated urban area.
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