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Abstract;  To effectively prevent and control the risk of subway waterlogging accidents, a quantitative
analysis method integrating the AcciMap model, FAHP | and triangular fuzzy DEMATEL-ISM method was
proposed to investigate the causes of urban subway waterlogging accidents and their coupling associations.
Accident causation factors were selected from the system level through AcciMap model. FAHP was used to
integrate expert opinions and determine expert weights. The DEMATEL method was used to calculate the
importance of accident causes, ISM method was used to reveal the relationship between factors, and a
multi-level ladder stepwise graph was constructed. The model was validated by waterlogging accidents on
the Zhengzhou subway. The results showed that the core contributing factors leading to the incident were
inadequate awareness and prevention measures of major disasters by the management department, the lack
of diligence in supervision and inspection duties by regulatory authorities, and ineffective response and

handling by operational departments. These factors can be paid special attention to prevent system failures.
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Fig.2 AcciMap modeling framework for urban

subway waterlogging accidents
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Fig.3 AcciMap model of urban subway waterlogging accidents

GuB)[crra [Creem [makT 25

%

1

=

1}
S O O O O O O O O o o o o o o o~
SO O O O O O O O oo O o o~ O O = -
S O O O O O O O O O oo = O = =

=3

[ 52|

=3

B4 FAHP ZHiE5
Fig. 4 FAHP structural model

1

SO O O O O O O O O O O O = = ==

S O O O O OO oo o o o —~ 0o o o o
SO O O O O O O O o o o~ 0O o o O

11111

I I I I I = I I = A = TR =T T =T
[ T s B = = R e T O s T s T S e
O = O = OO = em OO = = e e
S O O O O O = O O = = == O = =

S O O O O O O O O == = = = O = = =

110

e e e e e T T N
S O O O =R O O O O O O o o o o o
S O O = O O O O O = O O = = = o=

_ O O O O O O O O O O o o o o o -

O O = O O O = O O =) M= oEmm O = s =
S PR O O O O O O O = O O = = = = =

1 KB 5 A T IE R o R GER R R R Y DX
T IRREZ SR E A, G i 2R A5
B T AE AT )= A e i, e R AL B HA
W4 IR RER MR MG —Iu R R Sl sk A
B SO 2 G [ AR AN 5 BT R

Siz L,
———————— foo—--———3---- |JE4ER

L5 | L

L

L,

L,

L

L, | AR

5 WEBRFEEHERREHRE

Fig.5 Structural model of causal factors of urban

subway waterlogging accidents

LA L REM F 5l b, 25 (13)—
K (16) T3 25 F 22 bk oy 35 =R e 350 P i PR — s
EE 6 Fiw,



T4 45 AT S BOR R GERA T Sl i 3 Bk P 05 B i R Wy - 199 -

511
27 |
| ! S I
1.5¢ |
|
|
! s | s *S}
05t Ba S5 | S #Y
% 0 _______ 57*152*___:____*?4 _________
1% fu :S**S](‘ s,
0.5 St 1Pu *
| s
- |
| Sw
-1.5f '
|
m | Se
= 1 L
2 0.5 1.0 1.5 2.0 25 3.0
L

6 HSNHERBERE-HOE
Fig. 6 Causes of subway waterlogging accident

cause-effect analysis

2.4 HHHEAFERBEREES T

1) DEMATEL-ISM BERIAMT i i AcciMap 5
RUBEBEM) 17 DFHBEHA, 500 T DFI2H 3 K
53 M PR G SR A BB A, IR
N FEAHE S5 S5, X 4 A E, JE ik
M LA R R W R B, i BRI EE S, .S58,
S6S7.55.80. 8 .Sy Fl S F 11 TR R IKHER
PHEAEH , EESRR TR LA T, RS i e g e
R S, R ERER S, S, S i T
AcciMap BRI HOR 512 8 2 1, ME o Lk R 4
) A B T | R I — R A o A
REL DB = B A48 5 A Al 9 W B R S B A T AN B
EEC A Y EEZ T R R 1 R OR AR
BRI ARBEIREE S, Sy .Sy, X 3 AR, &
FHEATR)Z RN, BE S L2 52 M 1o I 25 3 RN 3 2 2
e LR KU B 42 o LA A

2) DEMATEL JEH -0 B 5081, BE 6 .6
BRI R 4 26,55 1 209 LR I 4R
(1K) A0 S, .S, S5, .Sy, K4 BT H Al 25
I F KA R G W& sem, Ho DL S, K5
AU B RN fe by i 2, DRI, B IR BT )25 11 K
KW BiE R, 38 S, MG TR T AE il
TR YR S B 0 i R AR R W T T R
ITAANE Fr & AR, ] R BOLM AR 4

Besr DL T e AR TR R, AR 2 RO S R
WrE(DIX), EEMAHE S;.9,.5,,.5,, XHKHT
X A A A F R (HAR EE T XS . e,
Sy ZE VR KK TG G, (HIE A s B2 1 LR
T, R ICH 2B IV B 25 , AR S Ok AR Y
MR, 5 3 AONSAIRIN TR NIX) , AR S, |
S, X ZE PR T2 A JEL A Y PR 1 R 5 A T B 45 2R
() F2 3 S e IMETE R SR R A 5 4 RO AS
A CIVIX) X 28D 7t S HAth J R R IR 12
VERIRSR B T U AR B BRI Y S B
Horb, S\, B0 45 TR gt I W D DR i
R, X HAM PR ZE AN (R RO R, SR T N 3R
SEAEARZ EURAE T MR B s A 4558, th T8 %
A TRFEWIN BT, 2T N AR AR
S 0 i S L AR AR IO o T e 9 R 4 I
R HOTARIL . T35, oL BEBOR , Hog i e B
HOR 5 B OCTE T XA i J PR PR -4 B2 IV XA o
RN T,

3 4

1) FlE AcciMap 71 FAHP L) K = ff 155 kil
DEMATEL-ISM 753, I8 43 3ok i 3l 2k P 85 5 5k
HZ A AU RENE N TR +E 2 H R R G R i — 2 1)
PSS, R, ISM 55 DEMATEL J5§ K -
FEAHTEE RAE R R PR R —30, TAHSE,
UERH T2 A R A A A

2) HFE AR BEIRANR | 7 A K R GR AR BEIK -
AN DA T R R AR AR B R o = 2
{14 J5L PR R Ak F 58 v K LA i G, 4
15 FFPLIR | i B AR A s BE e A 45 SR 1A
R, 550 —80, R AR R LA ER SR, vl iE
T B A Ak 2 XU RN [ R E R T, BRI
Ja SR

3) it SO A RS o R it s
HIOHA N FAR S, RSB B 2R
FEFHM <7 « 207 F B A A, 3 BEET X AR M M
BREAR RGBT 7 HE) BN, 75—
RS UE EARIEOL

2 % x ot

(1] E&FH, BR, YR, & 2023 FHEAMBHIEREIZE &SR []]. hRIMAE, 2024,37(1) .

10-16.



hoE e B o $34%

- 200 - China  Safety Science Journal 20244
HOU Xiufang, FENG Chen, YAN Hanmin, et al. Overview of urban rail transit operational lines in Chinese mainland in
2023 [J]. Urban Rapid Rail Transit, 2024,37(1) . 10-16.

(2]  XING Jinduo, YIN Xiaoliang, ZHANG Jun, et al. Resilience modeling and improvement of metro systems considering
statistical behaviors of passenger mobility [ J]. International Journal of Disaster Risk Reduction, 2023, 96. DOI.
10. 1016/j. ijdrr. 2023. 103975.

(3] CHEN Junfeng, LE Wu, ZHOU Yigqi, et al. Lessons and improvements : subway waterlogging catastrophe in Zhengzhou,
China[ J]. Tunnelling and Underground Space Technology, 2024,144. DOI. 10. 1016/j. tust. 2023. 105541.

(4] EBREXNBBEEAE. TERINT - 20" HRAEMNBBSRELR], 2022.

(5] EZFER, =X, nER EFREIFENNREL TREENARBIOSMEIN(I]). PEZERNZZR, 2019,
29(9). 1-7.

WANG Junwu, WU Han, YANG Tingyou. Vulnerability assessment of rainfall and waterlogging in subway stations based
on projection pursuit model[ J]. China Safety Science Journal, 2019, 29(9). 1-7.

(6] REE, TEfK, BFF, T BXABFME MUHAR-ERNEREMSHIBSIEDITI]. ZESMEL
2, 2021,28(2) . 114-120.

SONG Yinghua, LI Yuzhi, HUO Feizhou, et al. Vulnerability of two-layer traffic network of bus and subway under
waterlogging condition based on complex network theory [ J]. Safety and Environmental Engineering, 2021,28(2):
114-120.

(7] BRE, W8G™, . EF I0WA-VAC BB F IO RNABIIBSS TN (1], KBERMZ, 2023,41(4):
88-91.

CHEN Jia, LIU Jingyan, DENG Xi. Vulnerability assessment of heavy rainfall and waterlogging in subway stations based
on IOWA-VAC[J]. Water Resources and Power, 2023,41(4). 88-91.

(8] = BN MEMYLER BN MoRIIMEGIARID]. &R BREAE, 2021.

ZHU Yinghan. Research on resilience evaluation of underground stations of urban rail transit under waterlogging[ D]J.
Chongqing : Chongqing Jiaotong University,2021.

(9] [F2R, em, 5oie, 5. IMEmieE MEsHERENM DT EF Bow-Tie-INITHIMSER[)]. WE
5, 2022,37(2) . 36-43.

YAN Xuxian, WANG Junli, FAN Ling, et al. Research on subway flood disaster from the perspective of resilient city .
based on Bow-Tie-Bayesian network model[ J]. Journal of Catastrophology, 2022,37(2) . 36-43.

(10] FORERO-ORTIZ E, MARTINEZ-GOMARIZ E, CANAS PORCUNA M. A review of flood impact assessment approaches
for underground infrastructures in urban areas: a focus on transport systems[ J]. Hydrological Sciences Journal, 2020,
65(11) . 1943-1955.

(11] LIN Zhiyu, HU Shenghin, ZHOU Tianzhong, et al. Numerical simulation of flood intrusion process under malfunction of
flood retaining facilities in complex subway stations[ J]. Buildings, 2022,12(6) . DOI. 10. 3390/buildings12060853.

[12] RASMUSSEN J. Risk management in a dynamic society: a modelling problem[ J]. Safety Science, 1997,27(2):
183-213.

[13] &XBEE, DR, BR, F BT AcciMap RAGVIE THARENZ EXMATRI]. PELZERZZR, 2022,
32(1). 79-84.

ZHAO Tingsheng, FENG Chuxuan, JIANG Ling, et al. Study on safety risk of builder s hoist based on AcciMap
model[ J]. China Safety Science Journal, 2022,32(1). 79-84.

(14] CHAN Hingkai, SUN Xuting, CHUNG Saiho. When should fuzzy analytic hierarchy process be used instead of analytic
hierarchy process? [J]. Decision Support Systems, 2019,125. DOI. 10. 1016/j. dss. 2019. 113114,

(15] MENG Huixing, AN Xu. Dynamic risk analysis of emergency operations in deepwater blowout accidents[ J]. Ocean
Engineering, 2021,240. DOI. 10. 1016/j. oceaneng. 2021. 109928.

[16] GUO Xiaoxue, JI Jie, KHAN F, et al. Fuzzy Bayesian network based on an improved similarity aggregation method for
risk assessment of storage tank accident[ J]. Process Safety and Environmental Protection, 2021,149. 817-830.

[17] CALABRESE A, COSTA R, LEVIALDI N. A fuzzy analytic hierarchy process method to support materiality assessment in
sustainability reporting[ J]. Journal of Cleaner Production, 2016,121. 248-264.

(18] HSU W K, HUANG S S, TSENG W. Evaluating the risk of operational safety for dangerous goods in airfreights : a revised



11 i A5 R SRR A T MOk A SR A A - 201 -

risk matrix based on fuzzy AHP[]]. Transportation Research Part D . Transport and Environment, 2016,48. 235-247.

[19] SHI Lei, SHUAI Jian, XU Kui. Fuzzy fault tree assessment based on improved AHP for fire and explosion accidents for
steel oil storage tanks[ J]. Journal of Hazardous Materials, 2014,278. 529-538.

[20] DU Yuanwei, SHEN Xinlu. Group hierarchical DEMATEL method for reaching consensus[ J]. Computers & Industrial
Engineering, 2023 ,175. DOI. 10. 1016/]. cie. 2022. 108842.

(21] ZA, PR, X338, 5. EF DEMATEL-ISM 00 TAZ 2 BEERNR THR]. PEZERNZZIR,
2021,31(7) . 30-37.
Ll Guangli, YAN Yizhi, LIU Wenqi, et al. Research on formation factors of miners~ unsafe emotions based on
DEMATEL-ISM[J]. China Safety Science Journal, 2021,31(7) . 30-37.

[22] FHEE, MR, & AN. ETF STAMP-ISM 8V S WO AN R[)]. RBicE LESERFIR, 2021,
19(2) . 46-52.
YU Yaocheng, SHUAI Bin, HUANG Wencheng. Analytical approach to metro accidents based on STAMP-ISM[ ]J].
Journal of Transportation Engineering and Information, 2021,19(2) . 46-52.

(23] ZHANG Zixin, WANG Liang, WANG Yingming, et al. A novel alpha-level sets based fuzzy DEMATEL method

i

considering experts” hesitant information[ J]. Expert Systems with Applications, 2023,213. DOI. 10. 1016/j. eswa.
2022. 118925.

EEREN: ek (1989—), % W EF A Mt P, EZNHEE I R G EhB R
AL L ZR G0 ] SEE AR EE S 5 N FH S5 T AU SE . E-mail ; xingjinduo@ bucea. edu. cn,

(PEZAREBHEINR SR (2024 HR) ) &

TR LT TN A (R E AR R OEREAR) ) B 7284 R
e § TR RIS 0 R 0 (T R 2 AR
WFIER:  hER YR /ﬂ;ﬁﬂ% ﬂﬁ ?ET& ( E 71? *4’% Ej I$£&7k - 2024

BR ENmfl: PERLRSRRHL
&R ¥HAE REMFHR

RS e Ji) Y (TRIFRCAER 2024 JiR) ) KA o

it iR R

CAFEHR (2024 bR ) TH 8 ARG W . (b 2%

LRI SEI 1 H8 B0 (CT) S 1 330,207, CI 2%}

HEF 9 1720, HABSERR AN 12023 44503 N 433,

ARG | SCHEREE D 354, AT 5 SCHK LY 0.82, A A

BETIBIA 12 892, RIAE4EHR N 0. 206, & 45 521 [

TR 2.947 AT R TR 2,355, 5 A2 A

Fh 3.014 5] 5 A TN 2. 620,






