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Abstract: Taking the expressway network for hazardous
materials (HAZMAT) transportation as the research
object, the starting point of controlling the total risk was
introduced. By drawing on the principle of sub-optimal
tolling, the tolls on road sections were taken as decision
variables, a bi-level programming model with variational
inequality was established for the optimization research of
HAZMAT transportation management. A particle swarm
optimization algorithm nested with a diagonalization
algorithm was designed to solve the proposed model, and
a case was used to verify the calculation. The
corresponding numerical results and parameter sensitivity
analysis show that the proposed bi-level programming
model and corresponding algorithm for tolling of
expressway transportation networks for HAZMAT are
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effective and feasible, which can provide a reasonable
decision-making reference for the government’ s HAZMAT
transportation management department.
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Fig.1 Illustration for bi-level constraint

characteristics
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Tab. 1 Impact of objective weight -coefficient
on objective function value
/" Wi H Ar pREE Wtk Hbr sk EUE
0.1 29 526 28 672
0.5 51 345 49728
1 64 694 58 347
5 148 701 139 909
10 481 376 423 731
20 922 180 851 603
30 1 308 825 1187 998
40 1734782 1552 541
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Tab.2 Impact of objective weight coefficient
on Pareto optimal state after tolling
2 A (R3S =R P INEYES
0.1 0.126 0. 181
0.5 0.162 0.223
1 0.191 0.229
5) 0.290 0.238
10 0.272 0.224
20 0.275 0. 186
30 0.280 0.171
40 0. 267 0.176
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Tab. 3 Impact of total traffic

network on objective function value
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PRAI(E PRAE
1000 35014 34169
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2000 53 081 46 886
2500 55323 49 845
3000 61217 53522
3 500 62 349 57 965
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Tab.4 Impact of total traffic demand of network on
the changes of sub-objectives after tolling
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Tab. 5 Results after tolling under different propor

tion of hazardous materials vehicles
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