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Emergency evacuation bus scheduling for toxic gas leakage scenarios

LIU Yuanyuan, TAN Zefeng, HAN Shuang, XU Mengting
(School of Civil and Transportation Engineering, Guangdong University of Technology,
Guangzhou Guangdong 510006, China)

Abstract:  To improve the efficiency of large-scale personnel evacuation and reduce casualties after toxic
gas leakage accidents, a CFD model and wind direction statistical probability were adopted to simulate the
spatiotemporal distribution of toxic gas concentrations. Combined with the facilities and personnel
conditions of evacuation sites, a dynamic comprehensive risk measurement method for evacuation sites was
proposed. First, based on the differences in dynamic comprehensive risks of evacuation sites, a multi-trip
emergency evacuation bus scheduling model with splitable evacuation demand was constructed, with the
objectives of minimizing evacuation time and total risk expectation. Then, the augmented weighted
Chebyshev method was used to convert the multi-objective model into a single-objective model, and a

genetic algorithm integrated with adaptive large neighborhood search was designed for solution, in which
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destruction and repair operators were adopted to improve the search capability of the algorithm. Finally,

the rationality of the model and the effectiveness of the algorithm were verified through numerical example

analysis. The resulis show that the emergency evacuation bus scheduling model with the objectives of

minimizing evacuation time and total evacuation risk expectation can generate scheduling schemes that

prioritize the evacuation of personnel from high-risk evacuation sites, thereby improving evacuation

efficiency and reducing the total risk expectation. Compared with the expected total evacuation risk,

evacuation time is more sensitive to changes in the latest time window of evacuation sites, and the number

of required buses decreases with the extension of the evacuation time window. In comparison with the

traditional genetic algorithm, the genetic algorithm integrated with adaptive large neighborhood search can

reduce the objective functions by 4. 46% and 2. 44% , respectively.
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Fig.1 Comprehensive risk assessment for evacuation sites
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Table 1 Evacuation needs at some evacuation sites

B ZRKNEL BT ZRKNEL
h, 1192 h, 346
h, 694 h, 256
h, 396 h, 420
h, 420 h, 263
h, 323 hy 284

HR 48 52 9 X BB it 43 A, 2L 8 7 > 3kE HfE BT
(FEUWER2) F 6 MEEY, BAEGELE 10 4
N ARIRE AR 80 N, s TN
40 km/h., B IS, 5 38 E T A SO I BERERT R
Smin, £ A WNE 2 B, Hop ) B/ (h,—
hy, ) FRBLEUS , =M (s,—s, ) NREMERT | 1IE 7 IE
(pi—pe) N HY0,

x2 BYERMSESH

Table 2 Shelter capacity parameters A
B P s s, s, S,
A Q, 3676 1 841 1374 2252
A S5 S6 7 -
HHEQ, 1288 3 354 1523 —

AR IR TR N 2. 84 ke/s, UM R TE R, K
SETT 101 kPa, PRI BE O 2 HAFF-44 25 °C |, HE
55 o vk B {H o B 80 mg/m’ . SR FHBUE AR )
TIERR TS oS AR, b i R A R AL
B k—e £ ( Renormalization Group k—&,RNG k—¢g) ,
JEJ7 -3 FE R R T 2 Ba X7 ¥ (Semi-Implicit
Method for Pressure Linked Equations, SIMPLE) , Jf
AL Fluent BAFHEAT IR, Ao h =T H5AA
RAW, BHEZE RN 1 s, BAERIEHE N 120 min, 4
60 s PRAF—UKEE

BB SR W) dh AL 100, B KIEAR
KECH 500, Seid it ZHOAR PEAG A R S804 G 0
YRR R Z I, LA B AR R B E PN SR AR il
HE K, B E IS EAH ST S AR
0.9, 78 AN 0. 08, S5 ACE T H LBl 0.3,
4.2 NMBRHATRAEER

B S SO A IR SR/ N g R 1) 2 35. 33
min, Z5 A KU h 7 463. 68, 514 G0 14 F kAR
F, EAR oR B0 590 T B 4. 46% 1 2. 449% SR 8
WD 90 UK, SRAFIN E] 42 TF 7. 52% , BV SR A AT HE DL

2 BEBERETRSH

Fig.2 Distribution of nodes in the evacuation zone

3, DRGNSV BEER 425 R L3R 4,
F=3 EEKkEITLE

Table 3 Comparison of algorithmic solutions

. v s A A 38 R AR
SR St SR M bR s G T
B HACH ]/ min 36.98 35.33
ZRG MU 7 649. 97 7 463. 68
sk 322 232
SR fntal/s 987.28 913.03

x4 HBRHAZHAEDBIER
Table 4 Partial results of emergency evacuation

bus scheduling

KR Lk KR P2k

5 p,—hy—s;—hg—h;—s; 23
g p,—h,—s,=h,— s,— 31
sg—hy; —s,
14 | py=h,=s;=h, ~h,-s, 33
16 | ps—h,;—s,=h;;— hy;=s,|| 45
17 | ps—hy—s;=hys—hy,—s, || 58

HH & 4 Al Al

1) B SEHERNS . R m B A ZE K
I s A B A, , K 0N R B 8 el kX T,
WAL HCS 1 A WK, R 14 .45 S57E
T URATRE L A B MM IT s, 5 1T R XU 51
PIBREUS 10 11, BABIT s, , B0 So PR, SOt Bk
1B WA, e & A 2R % 16 31 $h AT, BRI s,
ZE ORI RUR A N BB B BRI s,

2) RS N, ZRTEMEGES
B N RIS | 58 25 75 76 B 1S 5 kX T ) 22
UHR [ — B IR N B3 AT BB 40 T 25 N [ sl g
BT, AN, 19 B9 L 2R 23 .58 J il % 25 ik v
frs, #s; .

3) HEFSHEMA, BT A 4 R AUIR 55— i
B BEE FRBLRL BL /D 4R TH50R , BAT A ]

Ps—hy—s,—hy—hj,—s,

p3;—hy—h,—s;-
hy,=h;,-s,

pi—h;;=s;=hy,—s¢

p;—h,—s;—hy—s,

ps—h;;—s;=h;y— h,—s;




hoE e B o e H364
- 192 - China  Safety Science Journal 20264
W 2 At TZRHE 8 1 17 e B (LR S — ®6 WA BEE RN

R e < S I T e e i S
ik
4.3 MWK

1) DAt HARXHEBE RSB . 23 Hr A )
HLAL FARXS I7 S VR T, 23 591 LA B 1) fie /s R
B R fe/NEAT B ARDEAL SR AR 5, 3k 5 n)
e OFZ HAr A SE RA0 L, 0w/ b st o [a]
AR A58 B DB D 5. 159% , AR 255 AU T
7. 88% ., X ] HLLIE SR A A% 23 220 W% A5 A HIC AL 1) KL
0 22 S, JEE 5 e XU, s N 70 PRI, DA T8 DA AR XL
B . AR/ IMEZEA KU AT fefE JXURS: AR 2. 32% , 18
B RS0 B AT RE K 10. 17% 334 045 Fs ) 7] G
G A AR A, i BN DA 0 R IR 45 5

x5 SHEHMEEEAFRERIXLL
Table 5 Comparison of multi-objective and

single-objective model

AL H b PAER 7 B/ MEBT L BMELZES
By s A 254 TR A

5 HLC RS ] 35.33 33.51 39. 33

LA | 7 463. 68 8 101.79 7 290. 43

2) FeaR O ) X T SR, Ry
A o S I HECNE T 77 X 80 88 7 52 040 R I, 47 6 TR Y
ORI R AR o (a € [0.8, 1.2]) Ik
A7 RABE 73T o B A P [ 7 X8 ] J3E 235 R ) 52 ) L
%6,

13 6 TR0 (DdR iR i BT 8] % 08 /0s , i RE R

Table 6 Impact of evacuation sites time windows on
evacuation outcomes
a 0.8 0.9 1.0 | 1.1 1.2

BRI 2 g4/ % [-14.38]| —4.63 | 0 | 1.99 | 8.43
ARG B2/ % | -0.86 | -0.49 | 0 | 1.66 | 2.23

T A3 A 68 65 60 | 56 | 50

X2 P T T B AL X A P A M R AR e,
BT A0 L0 e 20, Qg B 5] X6 i 7] 7 2
PR = T L M, X2 iy e —
SERERE e WU B0 TG , Bl s AU Rt ] 77
AR EECE £ L, B S30 B R T8 77 T 4
THI R 5 2 2 (B DA I st o A

5 4 &

1) WETERI E1 X2 TR FA ) 2 S H
JET7 58 BEAIE e bz e KU 49 i TR 20 BRURL RS 2K, A
BN (A AT £ 5 R R UG

2) SURVEI TS | BUHUR GEX fial  8] 147 119
R BB FROR KA ) B REF T e ek (B
SRBCEIFRIG R 185 PRt b 75 7R 1B SR A1
IR 5 A RN 2 B R 24 TR 2 (1] <33R P4

3) FlVE 1 I LR AR AR Y g 1 1 i o
R TARRE ST, A R e MRk T A G500k 5 B A R
IRPEIBREE . 1ZImE AR o T4
5 TR Z FAR 2 2R FE AL Al S 0 2 R B )
AR, SIAEE XS B R 518 557 T RE S TH R G

RN 6] 5 2585 KU, (Rl A S BRI, R 507 Rl Sk,
2 % X #

(1]

(2]

HOU Jie, GAI Wenmei, CHENG Wuyi, et al. Hazardous chemical leakage accidents and emergency evacuation response
from 2009 to 2018 in China: a review[ J]. Safety Science, 2021, 135.DO0I.10. 1016/j. ssci. 2020. 105101.

MEI E T W, LAAVIGNE F, PICQUOUT A, et al. Lessons learned from the 2010 evacuations at Merapi volcano [ JJ.
Journal of Volcanology and Geothermal Research, 2013, 261 348-365.

SRy, MEM, BRBin, T EBRIMIBREHRERSAL]. LESWEFR, 2025, 25(1): 184-195.

NIU Jufen, LIN Yalin, CHU Xinyue, et al. Review of advances in emergency evacuation research[ J]. Journal of Safety

ALDAHLAWI R Y, AKBARI V, LAWSON G. A systematic review of methodologies for human behavior modeling and

routing optimization in large-scale evacuation planning [ J]. International Journal of Disaster Risk Reduction, 2024, 110.

JIANG Zhoutong, SHEN Shiyu, OUYANG Yanfeng. Planning of reliable targeted evacuation under the threat of

(3]
and Environment, 2025, 25(1) . 184-195.
(4]
DOI.10. 1016/]. ijdrr. 2024. 104638.
(5]
disasters [ J]. Transportation Research Part C, 2023, 153, DOI.: 10. 1016/j. trc. 2023. 104197.
(6]

THE, RST, M, & EFVNENRBRHAERASNBEMBEDERRLI]. BXIBTAZZR .15



#

&

X I8 B3] 25 - A7 R ARG 5 T H) B 2t F 2 S JEE - 193 -

(7]

(8]

(9]

[10]

(11]

(12]

(13]

[14]

[15]

SSBHET2HR, 2024, 46(2) . 188-194.

LI Yaqgian, CHEN Xijiang, BAN Ya, et al. Collaborative decision making for urban traffic evacuation and emergency
vehicle dispatch based on bi-level programming [ J]. Journal of Wuhan University of Technology: Information &
Management Engineering, 2024, 46(2) . 188-194.

TRNE, NE, 86K, F SREERBESAYNNRERBERI[I]. PINAES, 2024, 44(6):
251-258.

LONG Kejun, LIU Jia, GAO Zhibo, et al. Emergency vehicle dispatching model considering demand urgency and
delivery fairness [ J]. Journal of China & Foreign Highway, 2024, 44(6). 251-258.

7, ZM, FBX. ERMAEMAZBEINREMGSRERI[)]. PEZERNFFIR, 2023, 33(11):
156-164.

XU Jun, LI Xiao, WANG Xiulai. Multi-scenario integrated scheduling model of emergency vehicles considering
uncertainty [ J]. China Safety Science Journal, 2023, 33(11). 156-164.

KEIE, M, TR, T WMIISKENME FSHESERBENKEIAL]. PEZERZZIR, 2024,
34(9). 217-224.

ZHANG Yingfei, LI Hang, QI Yuliang, et al. Multi-category multi-objective path optimization algorithm in urban dynamic
disaster environments [ J]. China Safety Science Journal, 2024, 34(9) . 217-224.

FER, 5K, 3816, & ARRBSONIBNRAMIIECER[)]. RBERSZE, 2020, 38(6):
73-79,94.

REN Gang, ZHU Xing, HUA Jingyi, et al. A theoretical framework of transit-oriented multimodal evacuation
planning[ J]. Journal of Transport Information and Safety, 2020, 38(6) . 73— 79,94.

ZHAO Xing, JI Kang, XU Peng, et al. A round-trip bus evacuation model with scheduling and routing planning[ J].
Transportation Research Part A, 2020, 137. 285-300.

Rie, THR, S5, F5 ERWRERIBADANBREBEHRRLI]. PELZENZZR, 2021,
31C11) . 135-140.

SONG Yinghua, WANG Yaxin, MA Yaping, et al. Research on multi-mode cooperative emergency evacuation scheduling
considering types of disaster victims [ J]. China Safety Science Journal, 2021, 31(11). 135-140.

SUN Yujie, CHAI Xiang, CHEN Changzhi. Bus based emergency evacuation organization strategy of nuclear power plant
planning restricted area [ J]. Progress in Nuclear Energy, 2024, 169. DOI.10. 1016/j. pnucene. 2024. 105081.

LEE M, MOSER R D. Direct numerical simulation of turbulent channel flow up to RnT ~5 200 [J]. Journal of Fluid
Mechanics, 2015, 774. 395-415.

GB/T 44013—2024 , W RBNEZRT DA D ZEL S ].

GB/T 44013-2024 , Emergency shelter-grading and classification[ S].

fEBE A B (1990—) 4, IIRMYA Wt BISEE , E5\F IEBASE 500
S TS B4 B0 8 5 AT A 4T TAORISE . Eomail s liuyy@ gdut. edu. cn,



