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Resilience Assessment of an Urban Rail Transit Network
under Emergencies
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Abstract: Assessing the resilience of urban rail transit (URT) networks under emergencies has practical significance in

enhancing the URT system’s operation. An URT network performance indicator that considers the URT network’s topology

structure and passengers’ travel is proposed herein. The network performance indicator can reflect the quality of the transport

service. Then, the URT network’s resilience is measured by considering the URT network’s performance recovery rate as an

indicator. Finally, the resilience of the Chengdu subway network under emergencies is analyzed using the proposed models.
The result indicates that the performance loss of the URT network is proportional to the duration of emergencies. Compared
with non-transfer stations, the failure of transfer stations will lead to a higher URT network performance loss. The URT

network’s resilience is inversely proportional to the duration of emergencies, and transfer stations possess higher resilience

than non-transfer stations. Finally, resilience enhancement strategies of an URT are proposed under normal and emergency

operation conditions, respectively, based on the results.
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Table 1 Stations under emergencies and their passenger
arrival rate during morning peak hours
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Figure 2 Chengdu subway network’s performance change
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Figure 3 Performance of Chengdu subway under emergencies
RTINS, R ZHORFIRER N 5 AT, Rk
b, R =BT k55 T Wkt ad il ™ T 3278 il
G R S IRIE T R =B SRR DX Fel iy e X
SRR fE A, R SR 22.46% 3% (1 H Al
RALTRIFHIX, RIAT =45 R e 55 P IRrRe ™ B 5 i
e IR AT 5 BRIt PR32 MR 55 IR AT RS bk 1 255 4
RERIEZ M fe /N, S RIE T BRI G AL T 2 52 im 1l T
MR BHAR Do L, T FEARS A A 2
2RI E MR S5RN, IS HARIZ AT Y B R OV E TR AN
[FI DX, RS HhO b FRERT X)) e afesst A s i
BN, 1S8R 2 S8, G Rl Rk
T2 B 55 Fh T S B P 25 1 e K

F#2 ARREBHHTHMEMERER K

Table 2 Average performance loss under different

emergencies
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Table 3 Resilience of Chengdu subway network
under emergencies

Bt JEAR/(x107-s7") B F(x107sT)

El/min 9o+ 3+ 10% 56* 80* 19 50* 36 7% 6*
5 12 5 17 8 8 141 113 12 45 7
10 8 3 9 6 5 104 71 09 32 45
20 5 2 5 4 3 69 44 06 22 29
40 3 1 3 2 2 42 26 04 14 17

ERRRE Sk S

2.3 URT M4%38 4R 7R A%

URT 4 2% 5 P52 T SR B Al 1B da 8 1 DL SR
FEFAENG DU T B SR TT SR
231 EFWZERRTRIEEEA KM

IEHISERHOUT I URT W48 S T Sms A 5
oAt URT L&k, siflic B B didra. o, £
W GTRI AL HE Tt I 1L N5 URT £ 3 55 34 45 (9] 4t
JAR T R L B ORURE B DO AT 2 - BT 0 i B 1 2k i
(i, 1588 2 SEYINRES, SR EFMRHICT
PR HAT AR TURE, I G X SRR 17 3 B 1
ZXISHNAE I SR T B P A 1 i S
Wiia & (OB e (B, A2 ARk B4 i
ARG MEFPRES, S A E B AR DR DURRAIRR
KA, JEHGRRFEN A 0 58 R S R A
232 RERBHIFRTHRMERA RN

SR FAFIEGL NI URT W48 Sivk 32 T Sems 45
INASS L EE VNG LS 2K i) et S s B RS )
BARFRFAR S IME B AT I EIe A, R
PR A5 5 B SA It 5 | 3 2 e a8 7 e 55+ Ik X
o SNBSS, N A S IE AT A
LA 3 AT 7 22 de/Mb URT M 25328 i 55+ b
SN o B SRR L 15 AR WAl R FE A I 45
SRR T2 450 URT 2% (R PERE, AR A SRS 1K,
Ry T AR, ek KE B W55 IR i



HLFEM TR TEE B IIEE TS

MR REE W, Kk, RAEREFMHE, NRL
FeAE e, JU LR A A AN IR DX ST 1 A ) 4 et
T E A% I AP S 280 URT W 4%
s ke .
3 e

1) FASHAK I 2% 132 78 e 25 h BT ik SR
PRRFEEI A E Ly AR EE TR afesl, e afent KRBT
SRS E RS E . 76 H s E Y, sithek
BE TN A OGRS R BT LR ik SR, DUk
IR SR 2 R AT BN IS IR S

2) AR AR I gt g M 5 s T 25 v W e 4
BRI RS bl s AR Pe S afest,  Heafesh HAT 5 w1
Mo EHHIZE T, Ak ] DL R Bk 2 M
(T 2N | D15 S RN A B (AT RS A 1 1) e A =N
DR 8% B

3) ALK R EE URT RGN i Y i [,
MAESEPRIZE H, URT RGN 20T B — 2 1R Wi Y. B
(o PRI, FEVEASFE PR 25 1S URT ZR G010 A . s ) K
S R AR AT A 25

SE

[1] FERTHE B2 2019 IR T il LiiiE s
B LT, 3R HuIE 3T, 2020(6): 37-41.

CAMET. Annual statistic data of urban rail transit in
Chinese mainland in 2019[J]. China metros, 2020(6): 37-41.

2] HA&, Kk, TE. T HE 8 A %GR A(]].
i+ F AL A, 2018, 35(10): 182-186.

FENG Chun, ZHU Qian, YU Bao. Robustness of urban
rail transit network[J]. Computer simulation, 2018, 35(10):
182-186.

[3] SUN D, ZHAO Y, LU Q, et al. Vulnerability analysis of
urban rail transit networks: A case study of Shanghai,
China[J]. Sustainability, 2015, 7(6): 6919-6936.

[4] BESINOVIC N. Resilience in railway transport systems: a
literature review and research agenda[J]. Transport reviews,
2020, 40(4): 457-478.

[5] HOLLING C S. Resilience and stability of ecological
systems|[J].
systematics, 1973, 4(1): 1-23.

[6] DONG Y, FRANGOPOL D M. Risk and resilience

assessment of bridges under mainshock and aftershocks

Annual review of ecology, evolution, and

incorporating uncertainties[J]. Engineering structures, 2015,
83(15): 198-208.

(7]

(9]

(1]

[12]

[15]

[16]

[17]

CHOPRA S S, DILLON T, BILEC M M, et al. A network-
based framework for assessing infrastructure resilience: a
case study of the London metro system[J]. Journal of the
royal society interface, 2016, 13(118): 20160113.
ZHANG D, DU F, HUANG H, et al. Resiliency assess-
ment of urban rail transit networks: Shanghai metro as an
example[J]. Safety science, 2018, 106: 230-243.
LI M, WANG H, WANG H, et al. Resilience assessment
and optimization for urban rail transit networks: A case
study of Beijing subway network[J]. IEEE access, 2019(7):
71221-71234.
BRUNEAU M, CHANG S E, EGUCHI R T, et al. A
framework to quantitatively assess and enhance the seismic
resilience of communities[J]. Earthquake spectra, 2003,
19(4): 733-752.
BB, AR, RS, F.OROTHE A S S KRS A
Rug[J]. 38 K F AR, 2020, 55(4): 865-872.
YIN Yong, CHEN Jinqu, ZHU Man, et al. Repair strategies
of urban rail transit stations failure[J]. Journal of South-
west Jiaotong University, 2020, 55(4): 865-872.
PEREA F, PUERTO J. Revisiting a game theoretic
framework for the robust railway network design against
intentional attacks[J]. European journal of operational
research, 2013, 226(2): 286-292.
WARDMAN M, WHELAN G. Twenty years of rail
crowding valuation studies: Evidence and lessons from
British experience[J]. Transport reviews, 2011, 31(3):
379-398.
Sh— AL T HLE SR BR 4 e 5 Sk 69 AT 2 [D].
Jbe: AL AE K E, 2010.
HUANG Yihua. Research on urban rail transit passenger
flow assignment model and algorithm[D]. Beijing: Beijing
Jiaotong University, 2010.
MAHMASSANI H S. Dynamic network traffic assign-
ment and simulation methodology for advanced system
management applications[J]. Networks and spatial econo-
mics, 2001, 1(3): 267-292.
AYYUB B M. Systems resilience for multihazard environ-
ments: definition, metrics, and valuation for decision
making[J]. Risk analysis, 2014, 34(2): 340-355.
LU Q. Modeling network resilience of rail transit under
operational incidents[J].
A-policy and practice, 2018, 117: 227-237.

(4. M)

Transportation research part

URBAN RAPID RAIL TRANSIT 151



