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VULNERABILITY ANALYSIS WITH LAPLACIAN MATRICES OF
ROAD NETWORKS

Shun-ichi KOBAY ASHI, Shoichiro NAKAYAMA, Chisato MATSUI and
Keita WAKABAYASHI

After experiencing huge disasters, such as 2011 Tohoku earthquake, 1995 Hanshin-Awaji earthquake,
people have noticed the importance of road networks even functioning at the severest time. To develop
disaster proof road networks, it is necessary to specify vulnerable sections in exsisting networks, and rein-
force such sections to enhance the resilience of those networks. In this study, the authors propose a simple
method based on only geometrical information of a road network to detect its vulnerabilities. Laplacian
matrix of a network under an additional fixed node condition is firstly calculated. Then, its eigenvalue
analysis is carried out to summarize a relation between the least node distances and components of the
eigenvector of the least eigenvalue. The data are scattered due to the differences of a degree of path numbers
and can be separated from the point of vulnerability. Its applicability is discussed with small thinking tests
and some calculations about a real road network of Shiga prefecture.



