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RISK- AND RESILIENCE-BASED RETROFITTING PRIORITIZATION OF
STRUCTURES IN A ROAD NETWORK UNDER SIESMIC AND TSUNAMI
HAZARDS CAUSED BY THE ANTICIPATED NANKAI TROUGH EARTHQUAKE

Hiroki ISHIBASHI, Koki AOKI, Takayuki KOJIMA,
Mitsuyoshi AKIY AMA and Shunichi KOSHIMURA

A framework for determining the risk- and resilience-based retrofitting prioritization of structures in a
road network subjected to seismic and tsunami impacts due to the anticipated Nankai Trough earthquake is
presented. Risk and resilience are considered as the performance indicators representing the economical
loss and functionality of road network after the earthquake, respectively. Monte Carlo simulation is per-
formed to consider the uncertainties associated with the estimations of fault movement, hazard intensity,
and structural vulnerability when estimating the failure probabilities of individual road structures. As an
illustrative example, the retrofitting priority of bridges and embankments in the road networks under seis-
mic and tsunami hazards caused by the anticipated Nankai Trough earthquake is determining based on the
risk and resilience.
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SUBSURFACE CAVITIES UNDER PAVEMENT DUE TO LARGE-SCALE
EARTHQUAKES -- THOSE OCCRENCE CHARACTERISTICS AND
COUNTERMEASURES FOR EARLY ROAD RESTORATION —

Jumpei OKAMOTO, Tamami TOKUNAGA and Yutaka KOIKE

Road network is basic infrastructure for transportation, logistics and also serve for emergency activities during huge natural
disaster like earthquakes. Subsurface cavities under road pavement occur widely after large-scale earthquakes and those lead to
secondary damages as sinkhole accidents therefore appropriate countermeasures are essential for early road restorations. How-
ever those cavities are invisible and are not known widely therefore there is no systematic restoration procedure. This paper re-
viewed past issued papers on survey results and consideration on subsurface cavities under road pavement after four major
earthquakes in Japan and then summarized on 1) findings and characteristics of subsurface cavities after earthquake disaster, 2)
change of countermeasures from after-disaster damage treatments to before-disaster damage preventive treatments, and 3) out-
looks to achieve early road restoration.
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EARTHQUAKE RELIABILITY EVALUATION METHOD FOR SLOPES
USING COVARIANCE STRUCTURE MODEL BASED ON SLOPE CHART

Tanto MASAKI, Hisakazu SAKAI and Yoshio KAJITANI

In Japan, slope disasters occur in many places because there are many mountainous areas in which tor-
rential rains and earthquakes act as triggers. In addition to direct damage to buildings in the immediate
vicinity, slope disasters also cause secondary disasters: cutting off areas due to the disruption of infrastruc-
ture. To mitigate the damage caused by slope disasters, it is necessary to extract dangerous slopes from a
huge number of slopes and to take countermeasures in advance. This study combines data from multiple
sources, including the slope charts managed by the Niigata Prefecture where the 2004 Niigata ken Chuetsu
Earthquake and the 2007 Niigata ken Chuetsu Offshore Earthquake occurred, the earthquake motion inten-
sity index data, precipitation amount data, geological maps, soil maps, vegetation maps, and other spatial
information data. From both geological and statistical perspectives, the characteristics of the damage caused
by slope collapse are clearly understood. Using latent variables aggregated from multiple explanatory var-
iables by covariance structure analysis, we created a logistic model with high explanatory power for the
observed values of slope failure. We have applied the obtained model to other disasters and clarified that it
is necessary to consider the variables to be used, the size of the applicable hazard, and other conditions in

order to construct a more general model.
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CASE EXAMPLES AND STUDIES ABOUT RESORTATION PERFORMANCE OF
REINFORCED SOIL WALL

Kentaro KURIBAYASHI

In late years a way of thinking of the performance design is adopted in the embankment, and it is de-
manded that performance required in earthquake is set properly. In particular, the performance of the road
embankment is required that the embankment is restored after an earthquake and road function is recov-
ered immediately, from the viewpoint of traffic of the emergency vehicle to damaged area, transportation
of relief supplies. In this paper, a systematic arranged result is reported about restoration performances of
the reinforced soil wall based on the hearing result to manufacturers for reinforced soil wall applied to the
highway section that site is narrow-mindedness in mountainous area and coast.
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REPAIR WORKS OF GEOTEXTILE REINFORCED SOIL DOUBLE FACING
WALL DAMAGED DUE TO EARTHQUAKE AND WATER INFILTRATION

Shinichiro TSUIJI, Shuji ITO and Tetsuya KUBO

Geotextile reinforced soil double facing wall consists of the outer wall built of concrete panels, the in-
ner wall of geotextile reinforced backfill and vertical drainage layer between outer and inner walls. While
it was conformed that the geotextile reinforced soil wall has high seismic performance compared with
concrete retaining wall, the several walls constructed near the epicenter of recent large earthquake oc-
curred insignificantly damage. Additionally, the frequency of occurrence of heavy rainfall increases so
that it needs to difine the repaired procedure for the reinforced soil wall. This paper proposes the repaired
procedure for the reinforced soil wall appropriate for damage level based on actual repair works for dam-

aged wall due to earthquake and water infiltration.
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INVESTIGATION FOR SUBSIDENCE AT THE APPROACHING AREAS OF
ABUTMENTS INDUCED BY SEQUENCED GROUND MOTIONS

Yukihide KAJITA, Seiji FUKUI and Taiji MATSUDA

The purpose of this study is to confirm the vertical gap of the abutment and curvature of pile induced by
repeated earthquake motions. Seismic response analysis is performed for two case. One is a model with
load reduction method, which is one of the countermeasures of liquefaction. The other is a model without
soil improvement. As a result, it was found that while the ground improvement could reduce the amount
of steps on the back approach of the abutment and the inclination angle of the abutment, the effect on the
horizontal displacement and curvature of the pile could not be expected so much.
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A TRIAL OF RESTORATION PERIOD ASESSMEMT OF DAMAGED ROAD
FROM INFORMATION IN DISASTER DAMAGE REPORT

Koji ICHII and Tomoya KADOTA

Early recovery of damaged road is important, and the estimation of the restoration period is beneficial
for users to assess whe the closed roads can be re-opened. In this study, the disaster damage reports in the
2020 heavy rain series in Kyusyu area were analyzed whether the restoration period can be assessed by the
information in the damage report. As the results, it was found out that some type of road damage can be
restored in short restoration period. However, the classirfication of road damage in the report is not clear,
and the current style of the dicription of the road damage in the reports is not helpful to assess the period

of restoration works.
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REPORT ON FUNCTIONAL DAMAGE TO WATER SUPPLY SYSTEM CAUSED
BY EXTENSIVE POWER OUTAGE

Yoshihisa MARUYAMA and Shigeru NAGATA

This study makes a report on functional damage of water supply systems after the 2018 Hokkaido Eastern
Iburi earthquake and that after Typhoon Faxai, the 15th typhoon in 2019. The functional damage of water
supply systems during these two events were mainly due to the power outages. In Japan, it is anticipated
that extensive power outages may occur after the Tokyo Inland and the Nankai Trough earthquakes in the
near future. This study will be helpful to establish a resilient water supply system against future earthquakes.
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Risk assessment of landslide disaster for detecting isolated communities in Wakayama
prefecture after Nankai Trough earthquake

Katsuki HOZUMI, Hisakazu SAKAI and Yoshio KAJITANI

Isolated communities after earthquakes face severe problems, such as rescue delays and a lack of daily
necessities due to prolonged times required for these to reach isolated areas. It is crucial, especially in
mountainous regions, to take countermeasures for slopes that would cause an isolation problem with high
probability. Therefore, we proposed an estimation methodology for detecting the isolated communities in
mountain region using the slope failure probabilities during earthquakes. In this process, the slope failure
probability was calculated using disaster prevention Karte and stability survey tables recorded by every
road administration in Japan as well as the peak ground velocity and slope angles. Subsequently, the inter-
ruption probability for each road was estimated according to the calculated slope failures. The validity of
the proposed method was verified by comparing it with road regulations that came into effect after the 2004
Niigata-ken Chuetsu earthquake. The proposed method was applied to the emergency route in Wakayama
prefecture during a Nankai trough mega scenario earthquake, and the road interruption probability was
subsequently calculated. Furthermore, we showed a case study of detecting slopes that should be taken
countermeasures with priority among the fragile slopes along two major routes and demonstrated the ef-
fectiveness of the proposed methodology.
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