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Simulation of open deck evacuation considering passenger

heterogeneity and group effect
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Abstract; To improve the evacuation efficiency and ensure the safety of passengers on an open deck in
the event of an accident, a heterogeneous evacuation model considering passenger heterogeneity and group
effect was constructed using AnyLogic software. Four simulated evacuation scenarios, including
individuals, two-person, three-person and mixed groups, were constructed, and the evacuation process of

heterogeneous passengers under different group sizes was simulated. The results indicate that with the
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increase of the group size, the total evacuation time increases nonlinearly. Specifically, the evacuation
time for passengers in two-person, three-person and mixed-group scenarios is 11. 8%, 19. 6% and 15. 5%
longer than that in individual evacuations, respectively. Additionally, the peak of passengers” arrival at the
terminal occurs in the early and middle stages of evacuation. In group evacuations, the higher expected

passenger speed correlates with more dispersed arrival time distributions. These findings highlight the
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interaction effect between heterogeneous passengers and group effect in the evacuation process.
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open deck

simulation ;

0 3| &

RSB 5 SMA TR 7 il — M 3 A 7 B J2 SR
T A, AN R) 3 i K T AR O Bk 224 A
AR I i P A 2 ()3 A MG, BR A 25 4 K 6 1) 3fe
%, [R] s FR A v 32 1 58 O it o TR 52 3fe 25 7 bk
EZ T il R A A A6 T A e 1 2 v, ZE IR §E &
A bt S A T 0 S e R SE Ik B RS AR IA
B TARE AR e A X AR ZE X, T 72 B
A AN E P AR O 3P 75 A R I [ [i] Fsf 9 1] B
A AL AT BE X B A i B AR . PRI, BRSO
Y A R SO A v A A Y BRI R TR
FEfe & i LA A HEER L,

AR BT AR R T, S AT M AT 2 X B A
FEYE BE . LUO Meiqing' ' SR FAL 8% IS 7 AR |
SR A AR AT N B AT O SRS B AR
B B XA AAAZ 2 b T R i 3 T R Bl
B R GREAMG T 17 N B M s i 4
SR AT N B T A R SE T IR A
PraRAT AR A0 5 T R ) 52 e, e IR 2 TR L
1135 2 409 I, X5 i 1™ AR Y 570 T 52 R B K5 NI
Baocheng %547 B T e % 73R 0] 500 28 5 f Ak A
PEATBRLA AR AT s T3 T8 T MR FE A7 J= X Tfe
HHHESCRIYF N ; HU Min 25780350 %) I oC M A
SIHURZ A T B T R4S e & i i Al 72, OF
M T MRS TEAN IR S T AT N BB AR s o AR 1
Te B A SRS ol BE 1 25 57, X i 2 7 A AN Rl 1)
o, Fay b & BT Delaunay = £f % 3k A= Bl
fi s [A] o AT A%, I 7 7% SR B v 1 )
AR 22 1 O BEAl b 204 1 3fe D3I et it 2 5 5ok
ORI 2 A R R AR A T AN 2 [ BR BT Y SR
150 B R SAT o ) S [) R T 25 i S o e AT
WP S AL, A7 ANTEAT B I — M 23 0 i) T 25 £ 10
AU RO I R 5 B AR 1 RS 3 TR B A AR — E K
BRI A2 7 o R I T A RIS 1 345 o v e

group effect;

cruise ship evacuation; evacuation

A, ELTREAR 10 P 59 L 81t 25 5 o) A % S sl
1T 214 TR 257 15 I 9 2 S e P AR 2 2R ) T 5 4
b, et S BUTE FE ER I A R AR R R e % 1
Mo gl 3 RE 2 ] B4 22 S Pk, X SE3fe 0 A R AT i I 2
IR BRI I % O AR AR R, N
B Z IE AR AE R R AT BRI, WA 2 AN [R) 6 B Y
Fe B Z [AE 2 EL A 2 T B4 i i R 2
KA, NI, A b BEAE 5 3 70 7t Jo 1k R 2H 2%
LSRG HL AT , WIS 19 285 T i e o 7 A ) S

T, EF A TEHRTE A A B AR 3T
P Al e O AL B BT TS, B AR dle
T e A AR SRy i A S R I RIS () AR R AT
BT TR 2l R A 25 S Al b b R 2 S o P A
T YR TR K 73 AN TR RIS B9 i B2, 3
FHR AR B 5 5 B AU, 22 37 50 1 3 % 14 i i
R WIS EAE2H MU 3R 5 e S P g B AR ) R
DS T e %5 2 A il AR L O FEIE B 255

1 Fref AR EREL R K o3 4

Vista HRFE 55 10 2 H AR R WE 1 fos, -
ZHEFUN IR AR, IZZ B K 256. 6 m, T8 38 m,
TR IX B FRZ N 5 800 m” . MR 2 MG A A
3 FH A RS, o B 1 R 2 AT RS LA
PERS  REHH 3 0 2 XA RUA RS | BASRBETE 1) Te 1
1.2 me S H A S AR R ) Xy A T
BDKI, MR 2 X, S Sh T Bl X Sk
b X35 KR RIS 3 BH G i 4, i 2 X — i e
BURBREH

2N FE T B XS TR K, R A% (] B R 2K o
P&, R B RN B, XS T K
(RS (R TE RS X e HLAR A
SR T % HEAT ik A Y BELAS W, 3 T 3R &1 RS
MERE

B X A7 AE R TR 8 DR T 0 PR Al 1) 3 %2 4 )
(] o v - 2L 2 000 A S RN B A o0 A 4R



o511

W oC B AG:  25 SE T eSS VR 2L 000, 4 T i PP i PB4

- 187 -

“‘12%§§@mmmﬁmmmm

T XA R AR R B B AT T AR SR
FUE g an SR i EA fkafe % 1 FH A il P Al
A R AU 400 m® 5 AT 244 200 AL L,
T ;42 H 8137 5% 04 N 5% 43 T 43 A I iR B 0% i 18
fEH R A% 3 A FEMRFS A 2 JL X, 2SR
ORI, A o & 7 S L R AT B
B, BRI, BRI A2 DXk 40 Sk 5 i DX 3k, 4
Bk Tz 23 [al v () e 2 B i A2

2 FEERRE BRI
2.1 FHFRRESHILE

Te & i T A% 4 R R LA Sl AN
=1

: 1 ‘ \
o wam——
o

b2

1 Vista BB EE 10 EFHIREE
Fig. 1 Layout of the 10™ deck of Vista cruise ship

I, %o it Bl A A BRI, Rk, B
RIS BT B B, 5 BB XA [ 2R B i e %
BOEARR Y B AN RIS B e % 1 L 1) B 01 2R ik
FEWLZ 1, 1 Wl LU G, S & 4% 47 I A Sl
o010 28 BRI B R H ANKS 5 — 2 I HE B, A
(1531 3Fe 25 4 301 B2 o B2 A T AN (], LA st AR A
RS R BT 225, FERREE b, 38 W A7 AE L
GRE SRR AR R 1 1 e 23X 8 73 o 5 7 i K
WAETE I B R — A7 3, BERATshnt, A% 5)
PRSP, P, K e & iR T
R RN NG 3 N SR A 4 FhiE L,
ZEE A S TR AL AL , 0 A7 i WG A

ENEES:E AL AN E Y

Table 1 Proportion and expected speed of different types of passengers
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Table 2 Initial position distribution of passengers
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3.2 REFFUER I PR G AHY R0

TE 4 Fhdg 5T S B R e B 8] (4 70 A
TN 8 Brzn o P Hh A 1A 3 75 i I [8] 23 A1 15
D AR PR 15 HE 7501 28 78 i IS ] F) P Ao
BN, I 8a Al LI th, 7 N4 5, X

T thafe s , o e 1) A & HAR A A B A i |
LIRS (0 A 5] 5 S 0) R B L, BV 22
$UYE 4 YN R i W S A1 T B REE N s
M, BRE 8 JREAGIRII AT L 7 FTRE M AR, e
RILEFRF A 5 LR A



5511 Tt RRAE . 25 B e % S M R 4L A0 P e Y A i R AL - 191 -
900 r — hfugk - BME 1000 — Pk - A
800 900 -
700 F 800 -
@ 600 | 2 700 |
= A2 L
= 500 | g
= # 500
& 400 (3
400 |
300 | 200l
200 - 560 |
100 100 | N
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
e A Fers R
(a) A (b) MA4L
1000 1 — gk - B 1000 — g o B
900 F 900 |
800 800 | -
® 700 . 700} T
T 600 E 600
8 500 #5001
£S5 e I
400 400
300 F 300
2001 200 - 1
100 i 1 1 1 1 1 1 1 /| 1 ] 100 0 -
2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
FeR KA e KA
(©)3A4l (d)RE4

8 4FfFE TARXENFERHMHES A

Fig. 8 Distribution of different types of passenger evacuation time in four scenarios

[l 8b #H LIl 8a, T A3 S B 3fe & T FH (1% it 1 Fsf
B AN IR F2 B2 B 3G I, X T4 1 A6 2 3fe
7%, I B E) A e L E(E 43 i) 3G i 10. 9% Fil
4.0%, %55 F 10 2%, Hogt wens (a) 1 Hh 7 4L
3N T 4.4% f-3.5%, FTLLKR B, SANLL P ES
10 ZEIRZ 1 H AL 1] Hp 37 55 s L B 2 /)N
4547 8b FRAARRY 3 A5 Y [ R 40 H, W LA R B, 7E
N BRES 4 Fil 6 2ol AR RIS & AR 1A I
NGAR/NT 600 s, T AERNAL Y, A7 2 B 3fe % 4
W EZ KT 600 s, Hobs ] 5 A Y5 BB S Ry T3z, fiff
A5 LB IR B (R R F N4

& 8c XFLLIE 8b, Bk 3 AHHYEE 1.2 1 7 FSR%E
(AL HCEST (] PP 57 B W /N AN 22 4b, ARSI afe
BT E RO B E SRS, H 3 A A
6 PRI Y Bt A (R SR RAE I R T XL, 1T
LR ] 5 — 24 e B LIRS ZI e, TR
RALERL R A 3 N RS ] K T RON4L,

X F A 5 N 3 ARG P IRE
FER TS W K T8 N 23 5, RIRF 2 37 5

e B LN 18] 73 A 5 B L, MR AR T
STk e B 2 W] A BAAS B, AH EL 22 T 4 52 M (45 %
R B e 18, IR TR sl s BRI SR 1
2.7 e, HAE K 8b—I&] 8d 1 3 ML FHYAH
TRILIE 8a A ERE RS RIS T I, 3%
IHAERF B AL IX 3 2R 1A% Bl B AR 1, kA
28 AR IR 8] DX ) B A B, i X A8 2 i P A 1Y
555 A0 R F, A OL S ATIE 3 KRE A A
Al X 2 RIRE AN S PRSI K Z/ N TRE
s (ERAR AL B LU R 2 T . DEWITERE
AR X 2 IR B RN R PG b 2,
{EUR I3 DX ] ZE AR

4 & &

1) ST i RSB R A 2 RS i s i ST
() FFAN ARG R, T2 A B A ZH I BB 2
AL FRCF [ 8 MR 5 T 24 A AL OS2 3 i 5 3 N
AL FECN [R]85 W A AT 19 67%

2) AR B TR] Y 58 B B A K



- 192 -

hOoE % e B % ¥R H34:
China  Safety Science Journal 20244

(E AT o AR AT P, EREALB T BB BB R

BRI BB R B AN 5t B T, HLAR 3) B LEAEMAT 2 MR IG IGL T ], X R 5
IS AT OB, RS e B RIE AR SERE il S AT e 25 (Y A 2L il U2 4 )
IR T A 3 A1 DTN Vb BE M U /N PR T RELEL AN, 0, I B T I 2 B i D i TR

(1]
(2]

(3]

(4]
(5]

(6]

(7]
(8]
(9]

(10]

[11]
(12]

(13]

[14]
[15]

[16]

[17]
(18]

& % x

LUO Meiqing. How to guide emergency evacuations on cruise ships? [ D]. Bergen: Norwegian School of Economics,
2019.

. BRARTHNRRNBEHRAELHARSHELD]. K& KEBSEKF,2016.

ZHAO Min. Study on passenger evacuation model considering human behavior[ D]. Dalian: Dalian Maritime University ,
2016.

BHEE, XIET, THR, 5. FRRITRITINRBRBER SRR N E D7) ]. M8 T2 ,2020,49(5) . 122-126.

FANG Siming, LIU Zhengjiang, WANG Xinjian, et al. Calculation and analysis of the influence of human reentry
behavior on ship evacuation efficiency( J]. Ship & Ocean Engineering, 2020, 49(5). 122-126.

NI Baocheng, LIN Zhen, LI Xiang. Agent-based evacuation in passenger ships using a goal-driven decision-making
model[ J]. Polish Maritime Research, 2017, 24(2). 56-67.

NI Baocheng, LIN Zhuang, LI Ping. Agent-based evacuation model incorporating life jacket retrieval and counterflow
avoidance behavior for passenger ships[ J]. Journal of Statistical Mechanics: Theory and Experiment, 2018, 2018(12) .
DOI. 10. 1088/1742-5468/ aaf10c.

5. fiEEN MBI IR R R RIS MBI DITLI]. PELZERZFZR,2021,31(9) : 142-149.

YU Ping. Modeling and simulation of cruise emergency evacuation process for layout optimization[ J]. China Safety
Science Journal, 2021,31(9) .142-149.

HU Min, CAI Wei. Evacuation simulation and layout optimization of cruise ship based on cellular automata [ J].

International Journal of Computers and Applications, 2020, 42(1) . 36-44.

HU Min, CAl Wei, ZHAO Haiou. Simulation of passenger evacuation process in cruise ships based on a multi-grid
model[ J]. Symmetry, 2019, 11(9): DOI:10. 3390/sym11091166.

PES BN, 8L KRER FSMARRBUIRRHEL]. KEBSAKFFR,2021,47(1) : 18-27.

YIN Jin‘gang, REN Hongxiang, LI Haijiang. Simulation of passenger evacuation process in emergency[ J]. Journal of
Dalian Maritime University, 2021, 47(1) .18-27.

WKL BR/RARERMENBMHMEURIUARL D]. [BTVE. [ETVETIEARS,2019.

ZHANG Dawei. Study on ship passenger evacuation model considering human heterogeneity [ DJ]. Harbin: Harbin
Engineering University, 2019.

MOUSSAID M, PEROZO N, GARNIER S, et al. The walking behaviour of pedestrian social groups and its impact on
crowd dynamics[ J]. PloS One, 2010, 5(4) . DOI.10. 1371/journal. pone. 0010047.

D, T4 SR/ BHATIRZRRBNIIUARL ). PELZERZFHER,2021,31(8) : 172-179.

GENG Qi, WANG Weili. Experimental study on pedestrian evacuation considering small group behavior[ J]. China Safety
Science Journal, 2021, 31(8) . 172-179.

VANUMU L D, RAO K R, TIWARI G. Analysis of pedestrian group behaviour[ C]. The Transportation Research Board
96" Annual Meeting, 2017 1-10.

MSC. 1/Circ. 1238, Guidelines for evacuation analysis for new and existing passenger ships[ S]. 2007.

WANG Yi, KYRIAKIDIS M, DANG V. Incorporating human factors in emergency evacuation: an overview of behavioral
factors and models [ J]. International Journal of Disaster Risk Reduction, 2021, 60. DOI. 10.1016/j. ijdrr.

2021. 102254.

ZHENG Xiaoping, ZHONG Tingkuan, LIU Mengting. Modeling crowd evacuation of a building based on seven
methodological approaches[ J]. Building and Environment, 2009, 44(3) . 437-445.

MSC. 98(73), Adoption of the international code for fire safety systems[ S]. 2000.

MteS. BREFBITANNARIGO)EIDREARD]. R PERNZEAKE,2015.

WEI Xiaoge. Research on personnel movement experiments and models considering group behavior [ DJ]. Beijing:
University of Science and Technology of China, 2015.

EEEN: LR (1986—) B b Aa BN, LA YR, 2SR 5 i
TR MRS RE BT RORSE T AU SY . E-mail ; guangzhao@ whut. edu. cn,





