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Abstract

As a critical national infrastructure, expressway networks play a vital role in ensuring the resilience
of transportation networks during emergencies. To address the limitations of traditional node im-
portance evaluation methods and cascading failure models, this study adopts the TOPSIS (Tech-
nique for Order of Preference by Similarity to Ideal Solution) multi-attribute decision-making ap-
proach. Itintegrates degree centrality, betweenness centrality, closeness centrality, and actual traf-
fic flow to construct an evaluation system for the importance of expressway network nodes. Based
on this system, the initial load of nodes is defined, and a “load-capacity” cascading failure model that
considers node importance in load redistribution is established. An empirical analysis is conducted
using the expressway network of Shandong Province as a case study. The results show that: (1) The
cascading failure process with load redistribution significantly increases the vulnerability of the
network; (2) The network is highly sensitive to intentional attacks, among which the attack strategy
based on betweenness centrality is particularly destructive, revealing that comprehensive evalua-
tion indicators may have a “dilution effect” when identifying specific vulnerabilities; (3) Incorpo-
rating actual traffic flow into node importance evaluation can more truly reflect the functional key
nodes of the network; improving the network’s capacity redundancy parameters («a, §) can effec-
tively enhance its overall resilience. This study provides a new theoretical perspective and scientific
basis for risk assessment, vulnerability identification, and resilience improvement strategies of ex-
pressway networks.
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Figure 1. Flow chart of highway network cascading failure
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Figure 2. Topology diagram of Shandong Province’s expressway network
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Table 1. Shandong expressway network characteristics comparison table
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Table 2. Node importance ranking for the Shandong expressway network
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Figure 4. Dynamic network resilience of the Shandong expressway network
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