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ANTI-SEISMIC REINFORCEMENT PROBLEMS FOR URBAN ROAD NETWORKS:
STATISTICAL ESTIMATION AND STOCHASTIC OPTIMIZATION APPROACH

Takuya MITOME, Takeshi NAGAE

In this study, we develop a novel method for anti-seismic reinforcement (ASR) problem of a number of transportation
facilities on an urban road network under multiple earthquake risks. An ASR problem is a prioritization of the
transportation facilities: Which facilities have to be reinforced and which can be left unreinforced. Because
reinforcement incurs a certain cost, we need the optimal ASR strategies with the best balance between the
reinforcement cost and reduction in the expected transportation disutility. It is however difficult to find an optimal ASR
strategy due to two reasons: (i) the rigorous evaluation of the expected transportation disutility for each ASR strategy is
extremely difficult because the transportation disutility depends on the network damage pattern (ie. set of closed links),
whose number of combinations, 2 to the power of the number of links, is too large to enumerate; (ii) even if one can
evaluate the expected transportation disutility, optimal (or better) solutions to the ASR problem are difficult to find as it
is a non-convex 0-1 integer programming and the number of possible ASR strategies, 2 to the power of number of
facilities, is also too large to enumerate.

To overcome these difficulties, we introduce following approach. First, we use the statistical estimation (Markov chain
Monte-Carlo method, MCMC), which estimates the expected transportation disutility for each ASR strategy as an
arithmetic average of transportation disutilities of randomly generated sample damage patterns. Second, we use the
stochastic estimation (cross-entropy approach, CE) to find a seemingly optimal ASR strategy. Finally, we develop a
novel solution method for ASR problem as a combination of these two approaches and apply it to example networks
with few links and transportation facilities.



