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Abstract

The transport network plays an important role in social, cultural, and economic exchanges
and its stability and reliability are directly related to the normal development of society.
In China, due to the economic and cultural ties between different parts of the country, the
distance of inter-regional interaction is very large, and the railway transport system, as an
important transport infrastructure, has the advantages of high traffic volume (more
passengers transported) and high density (more railway stations compared to airports)
compared to air transport, and has the advantages of large span (long transport distance)
and fast speed compared to some inter-city short distance transport systems. High-speed
railways also have the advantage of being more comfortable and energy efficient, and
therefore play a role in China's transport that is irreplaceable by other modes of transport.
Considering the development of high-speed railways in China in recent years and the
increased disruption of high-speed train operations by frequent natural disasters, the study
of vulnerability can provide reference solutions for high-speed railways to withstand
natural disasters and the construction of new lines in different regions, etc. Therefore, the
theoretical significance and application value of the study of vulnerability of high-speed
railway networks is becoming increasingly evident. The main research work as well as
the innovation points of this paper are as follows.

(1) Visualization of China's high-speed railway network

Based on real operational data of China's high-speed railway system, we abstract and
simplify the data into a flat network structure for analysis and visualize various categories
of network graphics according to different analysis needs. Examples include railway line
speed distribution maps, railway running timeline maps, etc.

(2) Specific to the location of the impact of the disaster

From the impact on high-speed railway operation hindered by 3 categories of
meteorological disasters (heavy rain, snowstorm, strong wind) and a class of geological
disasters (earthquake) as the object, complete China's railway disaster map and other
visualizations, and combined with the line design speed as the line weights China high-
speed railway network map using the risk matrix model to complete a variety of disaster
conditions of China's high-speed railway The hazard risk map is completed with a hazard
interval specification.

This hazard interval specific method considers regional climatic conditions, frequency of
exposure to hazards and the different sensitivity of lines to hazards at different design
speeds to derive discrete risk levels. The method allows for the rapid specification of
high-risk disaster locations considering a variety of factors.

(3) Calculation of the shortest route

The Floyd algorithm is used to calculate the shortest route between stations, using
transport time as a weighting factor. The difference between the change in the shortest
route of the overall network under different disaster impact conditions and under normal
conditions is used as an important indicator for the vulnerability analysis in this paper.
The number of disrupted lines, the size of the change in the shortest route and the number
of lines affected can reflect the ease of being affected by the disaster, the extent of the
disaster, and the impact of the disaster, respectively, so that the vulnerability of the high-
speed railway network under each disaster condition can be considered comprehensively.

Keywords: China high-speed railroad network, visualization, hazard map, risk matrix,
shortest path, hazard risk assessment, vulnerability analysis.
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C-1 IER IR

e Clk, MEsatEDiatE & L CIER AR ZHVWTEI . Ay P 7T —2 N
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M c-1 ERERBEEE=AL LK, 6.8Y L7356

T3, 2 Hsbt2ERPERTHVICTH LAWK E RoT 208 B3 H 5,
ZD7DITlE, M 2.2 TR, H, FORBHEOTICE TN REEEL A VI THL
BN ERMER L. M EDRE RS DORITHAL L 2 RIBO AT 3 KTH 3
TEDaD B, RIT, BREPEHEITATARDREEEDFIES 2 D2 plic Tw 3,
B2 5. FROMEFKICTIE 3 AR, EHEDEIKICIT 2 AR, FOKMKITIT 1 RL 20
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ANICIR R 72, $EFRIC O 2 KERRE L 256, KT 0 b O 0mE N E
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RO ED N 21T 720 ITid, Ay P 7 =27 ADERED 2 RIEDIFA AR
AR T 2 BB H 2 DT, HlaRl72 ) OBA ECARLEIRE L %
. FHROERAWE L 72 5 2o [5]. RETIIREEAITIIIC X 2 IR
BoOBHAFEICOWCHHAT 5,

C-2 REEMITIIIC L I ERRDOEHFIE

R X IRS R R % K D 2 REBEAAT Y DFFRME 2 A U 7= 8RB o 3k
211X, WR L7277 7 13T - AR - Am7e 77 CThH 5, AT IXIETAT
Fl~D= v ¥y 7O WTHIT 3.

t1 t2
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s1 s2
X c-2 EEAR% - AR - HHOFH S T 7

T, IERERBEOSMAGDREREZ Rk X 5 & LA, AW L 7= 2
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DI c-2 IRT LI, BREEEDOTRTCoOMALGDREICE TS 2 Mok
BB (s1-t1, s1-t2, s2-tl1, s2-t2) ZATHIEEFR & L 42K i W% E 2 5.
ZDLE, FERAXUOH Y, MEAK - AR - AW, FHZ 7 720K LT 5,
HRTOLEBBEETNIE. s 225 t CEZ@EPTZD L5 RHKICHES > T,
ZHERMELES LRI D DT, BEAK - BRI 7 7D0Ah%EZ 5, #E
FEAIATH W 075K det W DfEi23, Ih8 (s1,52) L% (t1,t2) RIDIER A
RIEBA 2 KD LHAEDLERDOMELEHELLL RBZL WS TR oTWVE
[22], FHELERZ TR -3 TrRT e, UTFDXkoick 3,
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KEDIEE[22] % F W T, Wsata=6 & Wsath=10 #5834 3, [FAfEIC. EDK
TlIWsbta=3 & Wsbth=6 & 72 %, detW DFERIZIERERIEHM A5 %2 5,

_ Sata Satb
W= (Sbta Sbtb)

B (g 160)

16 10
detw = |3 6|
=6
C-3HEE=ERHKEMD Yy T
HTf T, RREEBEEATII 2 v 72 IER R D AR I st BT R A8 L
7203, COREGENSER T 2540 LT BB W L ARTHE Z L,
HRZ 57 THaT ERHICHIONTWE[22], #Z T, ZOREXRE (v

vV ) RIS S 7z0ic, RN R EmEBENZ & 1ES 0 2E 2 508N
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FEEARMICHIRIT/E D 2RO Nz BnkfEk T h v . Z2RIICBEER O SRR 22
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FEAa s, hEOEESGERIZERrOER DS Y P —2 & LTEZ B, A
7. Ay V7 =2 DRI ZEE 2L T b DT, EDTHE OB
% b nr, ok EEL WiGE. FENICE, 2MEox v
VI L MO RO AEDERDH D, ZNIFMEENLRZT LTI XLDOTH
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ZOREZWFIFELHEATHY, v a2 —2TitHETE R\, NP HERE L &
5, 22T, VvrofflaeMERZIEET S L, KEFEEZZHALL
oo RD XD BFEEZEZ D5 s LA t BlOoR7 PAZHAEL LGOS
MZRRTX7 AN s bt ETEEI0ENDTZIToTnE , ZOHFANTEZ
nNEnofarED L, RO TERWERS 7 7L 5,

C-4 REFEDEREN
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W= BRI — w8 IRE M — AR {E
BN — s BN — RRTE
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FHAEMGERIC X o T, IEAEREEEIIA 2 KOMHAGDLEER5@EY L b,
BRI ORERKIILAT DK -1 1R T,

Path-A:  Jb5C-3REK L -PATE R - el 8- 8R) 1]
Path-B:  Atat-8 PRAE A S0 KR - 0E- 81

Path-A:  Jb5C-3REK L -PATE R - el BE-GR) 1]
Path-B:  Atst-3iN - -4 53 KR - 22 48-3R) 1|

Path-A:  JbE5C-3REK L -PATE R - el BE-GR) 1]
Path-B:  At5t-iN-0RE - K [R] - - 22 48- 3R 1|
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=TT} 2401820 213 2793544 21 22 22 2488
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Eib 2166803 2370 2388427 2185 2380 2556

P8 28 2824920 238 2412460 2984572 2120358 2383638

B d-1 PERESKES v b7 — 27 OIEREREOFHERK (—5)
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