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Research on Resilience Assessment of Urban Rail Transit Infrastructure
Based on Improved Projection Pursuit

LI Xinyue, XU Yongneng
(School of Automation, Nanjing University of Science & Technology, Nanjing 210094, Jiangsu, China)

Abstract: Conducting resilience analysis and assessment of typical transportation infrastructure is the
foundation for identifying critical facility nodes and enhancing the ability to respond to emergencies.
To solve the problems of long operating time, accelerated equipment aging, and numerous safety
hazards in urban rail transit infrastructure, starting from the structural characteristics and failure
modes of the infrastructure, a fault tree model was established to analyze the failure mechanisms
and probabilities of the facilities and identify the critical failure modes. The influencing factors of
resilience were analyzed from three aspects: resistance, recovery, and adaptability, and based on
this, a resilience assessment indicator system was constructed. The resilience levels of typical urban
rail transit infrastructure were assessed using a projection pursuit evaluation algorithm based on
improved particle swarm optimization, and vulnerable indicators were determined based on the
optimal projection direction. Nanjing Metro Line 2 was taken as an example for verification. The
results show that 40% of the stations have a high resilience level, reaching Grade IV ; 45% of the
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stations have a moderate resilience level; the remaining 15% of the stations have a low resilience

level. The maintenance strategies proposed for the vulnerable indicators can provide an effective

reference for improving the resilience of urban rail transit infrastructure.

Keywords: Urban Rail Transit; Infrastructure; Resilience Assessment; Projection Pursuit Model;

Particle Swarm Optimization Algorithm
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Fig.1 Resilience curve of urban rail transit infrastructure
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Fig.2 Fault tree model of urban rail transit infrastructure
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Tab.1  Event numbers and meanings of fault tree of urban rail transit
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Fig.3  Probabilistic importance of bottom events
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Tab.2  Analysis of influencing factors of station resilience
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Fig.4 Resilience assessment indicator system for urban rail transit stations
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Fig.5 Projection pursuit grade evaluation model based on improved PSO algorithm
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Tab.4  Assessment data of resilience indicators for stations on Nanjing Metro Line 2

o PIVEFAl R bR
H, H, H, H, H, H, H, H, H, H,, H, H, H,,
1 4 4 4 59.2 4 4 209 3.41 81.61 5 5 5 10.40
2 5 4 4 56.8 4 4 209 3.41 81.61 4 4 4 10.40
3 5 4 4 58.7 3 4 209 3.41 81.61 5 5 5 10.40
4 5 4 4 57.8 4 4 259 672 159.70 4 4 4 12.50
5 5 4 4 56.2 4 4 259 672 159.70 4 4 4 12.50
6 5 4 4 58.6 4 4 259 672 159.70 4 4 4 12.50
7 5 4 4 57.0 4 4 259 672 159.70 4 4 4 12.50
8 5 4 4 56.5 4 4 259 672 159.70 4 4 4 12.50
9 5 4 4 57.1 3 4 444 3166 17418 4 4 4 19.54
10 5 4 4 56.8 4 4 444 3166 17418 4 4 4 19.54
11 5 4 4 65.9 5 4 467 1868 109.13 5 4 5 14.01
12 5 4 4 64.3 5 4 467 1868 109.13 5 4 5 14.01
13 5 4 4 57.1 3 4 467 1868 109.13 4 4 4 14.01
14 5 4 4 56.8 4 4 467 18.68  109.13 4 4 4 14.01
15 5 4 4 53.9 4 4 467 18.68  109.13 4 4 4 14.01
16 5 4 4 58.7 4 4 230 7.91 85.10 4 4 4 12.31
17 5 4 4 57.2 4 4 230 7.91 85.10 4 4 4 12.31
18 5 4 4 56.1 4 4 230 7.91 85.10 4 4 4 1231
19 3 5 4 66.3 5 4 230 7.91 85.10 5 5 5 1231
20 4 4 4 60.0 4 4 230 7.91 85.10 5 5 5 12.31
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of resilience grades
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Tab.5 Ranking results of resilience grades for stations on Nanjing

Metro Line 2
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Tab.6  Performance comparison of different optimization algorithms
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Fig.7 Radar diagram of optimal projection direction of resilience

indicators
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