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Risk assessment of road networks

How to quantify and mitigate those effects?

Risk Conceptualization (Bil et al., 2014; Lowrance, 1976; Renn, 2008;
Jayaram & Baker, 2010)

Hazard Modeling (Jayaram & Baker, 2010)

Performance indicators (Argytoudis et al., 2015; Faturechi & Miller-Hooks,
2015)

Losses (Kiremidjian et al., 2007)

Resilience (Geo et al., 2019)

Optimal evacuation process (Nahum et al, 2017) Christchurch. New Zealand. 2011

The objective of this research was to assess
risk in an interurban road network with an
operational indicator, analyze the sensitivity
of each parameter and quantify the model
uncertainty




How to assess risk with an operational indicator on a spatially
distributed network and quantify the model uncertainty?



Risk model application in Central Chile
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Abstract

Natural hazards may cause significant disruptions to road Infrastructure, sub-
sequently affecting road apencles, users, and productive activities. Despite the
existence of Infrastructure fragilities to selsmic hazard and some operational
consequences on network mobility, previous research has not modeled risk in
termsof traffic disrupt 1 delaysin envi-
ronments, analyzing the sensitivity to model parameters and quantified model
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1 | INTRODUCTION

This study proposes a risk framework to evaluate operational con-
sequences In Interurban road networks exposed to selsmic hazard using travel
time delays and propagate uncertainty In the model. Risk values are evaluated
using Monte Carlo simulations, and uncertainty Is propagated using a polyno-
mial chaos expansion meta-model. The framework was applied to a very critical
interurban network in central Chile. Results demonstrate that the parameters
that most significantly Influence risk are fragility, loss of road capacity, and traf-
fig volume.

Network topology has been studied to assess the oper-
attonal effects of natural events 1n terms of redundancy

Natural hazards may produce physical and subsequent
operational effects on the road network, such as travel time.
delays, speed reductions, or traffic congestion. According
to Bil et al. (2014), these effects can be cateporized as
(1) destruction of the Infrastructure and permanent traf-
fic interruption until the affected structures are restored;
(2) partial structural damage that limits operation; and (3)
traffic interruption without structural damage. The main
purpose of transportation networks s to supply mobil-
1ty, accessibility (American Association of State Highway
Transportation Officials, 2011), and also to facilitate recov-
ery after disruptive events (Duwadl & Pagdn-Ortiz, 2

level and network complexity (e.g.. Downer, 2009; Gao
et 19). Also, Javanbarg et al. (2008) highlighted the
Importance of redundancy from the perspective of optimal
traffic assignment, 1ts relation with operational Impacts In
unexpected events, and the optimal evaluation of mitiga-
tlon strategles. Several Indicators have been proposed to
address this phenomenon In terms of travel capacity (Lee
et al., 2011), connectivity (Bocchint & Frangopol, 2013),
reliability of travel times (Zhang et al flexibility of
the capacity (Morlok & Chang, 2004), network coverage
(S. E. Chang & Nojima, 2001), and redundancy indexes (Ip
& Wang, 2011), among others. Nevertheless, most authars
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Risk modeling of road networks exposed to seismic hazards
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Risk modeling of road networks exposed to seismic hazards

Generation of 50,000 seismic scenarios

Once earthquakes sources are sampled, the hazard intensity of
each system component are sampled using the following
equation:

Results
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Risk modeling of road networks exposed to seismic hazards
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Risk modeling of road networks exposed to seismic hazards

Traffic assignment model:
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Risk modeling of road networks exposed to seismic hazards
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Data

Sensitivity Analysis:

Processes

(Polynomial Chaos Expansion)
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Risk model application in Central Chile

It corresponds to the interurban road
network in the Metropolitana and Valparaiso

regions 275 1
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Risk model application in Central Chile

Expected travel time is controlled by: 107 ‘ .
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Risk model application in Central Chile

. Direct roads are considered to a new risk assessment to
analyze the differences

. Santiago — San Antonio is more susceptible to increase
travel time considering the whole network. However, it is

e less susceptible when considering the direct route. This
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Risk model application in Central Chile

The most important parameter is the fragility

curve for multi-lane highway

Bridge fragility
Two-lane highway fragility
Tunnel fragility
Multi-lane highway fragility
Capacity reduction (moderate damage)
Traffic level
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Direct policy implications:

. Santiago-San Antonio: need to reinforce the
infrastructure and network redundancy,
because fragility and capacity have greater
relevance

. Santiago-Valparaiso: should focus on
controlling traffic levels

The risk analysis could support the feasibility of a new
project in order to reduce the impact of natural hazards
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Conclusions and further research

. The sensitivity analysis and the uncertainty quantification indicate the influence of each parameters and
variables on the total risk. This can lead to different policies depending on each influence

. The model can evaluate risk of new transportation infrastructure projects. For example, the impact (in terms of
risk reduction) of a new highway that connects two locations

. Future research in the area involves the development of optimization models for the allocation of mitigation
strategies to reduce risk, the integration of this model to a social project methodology and the development of
new calibrated models for other infrastructures
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Appendix

Variable

oy

o

25}

dy

me

Description

Multiplier factor of the median value
for bridge fragility curves

Multiplier factor of the median value
for single lane fragility curves
Multiplier factor of the median value
for tunnel fragility curves

Multiplier factor of the median value
for multilane fragility curves
Capacity reduction factor

for moderate damage state

Traffic volume ratio with respect to the mean annual volume

Distribution

U(0.5,1.5)

U(0.5,1.5)

U(0.5,1.5)

U(0.5,1.5)

U(0.25,0.75)

N(1,0.08%)

Polynomial basis
Legendre

Legendre

Legendre

Legendre

Legendre

Hermite
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