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Reliability Analysis of Road Networks Based on the Modelling of Floating
Bodies Acting on a Bridge

Xiaojiao Liu (University of Tsukuba)

I am a foreign student from China associated with the Infrastructure Information laboratory by Professor Shoji at University of
Tsukuba, where research focuses on system reliability analysis of lifeline networks regarding transportation, power supply, water
treatments and telecommunication for earthquakes and tsunamis. After the 2008 Wenchuan earthquake, I decided to undertake
research regarding earthquakes and focus on the damage mechanisms of road infrastructure by considering tsunami floating bodies.

In China, tsunamis are less likely to occur; however, approximately three-quarters of the land area has different types and degrees
of flood risk. From 6-13 June 2019, torrential rain induced floods, mud-and-stone flow and other disasters in southern and eastern
China, among other places. Based on the data published by the Chinese Ministry of Emergency Management, the affected areas
included six provinces, affecting 577.8 ten thousand people in 249 districts in 45 cities (autonomous prefecture), with 91 dead, 7
missing and 421,000 resettled. The flood caused the collapse of 19,000 houses, and 83,000 houses were damaged. In addition, from 3
to 17 July, 2019, the middle and lower reaches of the Yangtze River suffered a second heavy rainfall. In some of the worst-hit areas,
buildings and streets were flooded. The rising water blocked a railway bridge between Guangzhou and Beijing, causing trains to be
delayed.

As shown in Fig.1, the cars dragged along by floods blocked
the roads in Gaoping, Huichuan Districts, Zunyi City, Guizhou
Province (CCTV-News Channel, 23/06/2019). Floods and other
floating bodies, such as vehicles and collapsed buildings, caused
extensive damage to the road networks, which, in turn, caused
great disruption to post-rescue and relief activities.

In the laboratory, Ito and Shoji (2018) proposed a method
to evaluate the system reliability of road networks during a
catastrophic tsunami disaster. Furthermore, to clarify the damage
mechanism of floating bodies on bridge girders, an experiment

was conducted in the Hydraulic Laboratory of the University of = N U ey
Tsukuba. Liu and Shoji (2020) proposed the relation between the Fig.1 Flood Damage in Gaoping, Huichuan
blocked rate of floating bodies and Froude number and discussed Districts, Zunyi City, Guizhou Province

(CCTV-News Channel, 23 June, 2019)

the relation between the blocked rate and residual rate.

This study proposes an interactive model to evaluate the functional damage to road networks considering both washed away

bridges owing to inundation and blocked or residual rate of floating bodies
acting on bridge girders. As shown in Fig.2, the proposed model is used in a
case study of the Tokushima road network to evaluate its route reliabilities
from the City Office to 50 shelters. A numerical simulation of the damage
mechanism considering the floating bodies acting on road infrastructure
structure is conducted. This research can contribute to the literature in flood
or tsunami damage prediction.

References:
s Ito, S. and Shoji, G.: Evaluation Framework of functional disruption of
o rso000000 road network during a tsunami disaster, Journal of Japan Society of Civil
e Engineers Al, 74(4), pp.120-130, 2018 (in Japanese).
2 ' .ﬁ' / osoo0000 Liu, X. and Shoji, G.: Reliability Analysis of Road Networks Based on
dy—fTAEN 2 - 100000000

S o . Modelling of Tsunami Floating Bodies Acting on a Bridge Deck, Proceedings
Fig.2 Route reliability analysis for

L. of the 17 World Conference of Earthquake Engineering, Sendai, Japan, 2020
tsunami inundated area

(in press).
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