Journal of Security and Safety Technology ZPiiAR, 2023, 11(2), 7-21 Hans )0
Published Online June 2023 in Hans. https://www.hanspub.org/journal/jsst
https://doi.org/10.12677/jsst.2023.112002

HYERIT AERYIXT ARSI 5

LW, FXA7, @ik, v¥H, ATHE

URJERME R B RRE RE, ivE K R
PRIERHER e 4 5 2 B TR R, (v KR

Wehs HiA: 202345 H17H; A HEM: 20234F6 H17H; KA H#H: 20234F6H28H

R

YR RT NIRRT NGB AT BRI . ASCE T o B SINREL, ET B IS
AEEW, BT FERYREWERIT NEAT NREUREL, Hiz RaRBL KRR T AR RIT WL
AN RIS BB AT R FRIT P FRAR B 0B Je AR J %ot B B[] FUER Bk sl 1 £ . JEAE B
Pathfinder % I0IE T Ui KPS AT A, IEMIASCRA B G, ATRATRITNT ABRBEIBT.
ZRRY: FENEEYAESINET ARBIGER, BESH DR BITAREMR. A5 5 E9iE
RITHARZEF IR L.

eI 40!
Bte, gk, Sy, #683%, T B3P, Pathfinder

Study on the Effect of Obstacles on Pedestrian
Evacuation in Museum Exhibition Halls

Shanshan Mat, Xingli Li?, Jiangtao Tian!, Zhewei Shen?, Yuteng Weil

'School of Applied Sciences, Taiyuan University of Science and Technology, Taiyuan Shanxi
’School of Safety and Emergency Management Engineering, Taiyuan University of Science and Technology,
Taiyuan Shanxi

Received: May 17th, 2023; accepted: Jun. 17th, 2023; published: Jun. 28”’, 2023

Abstract

Obstacles in museum exhibition halls have a non-negligible influence on pedestrian evacuation. In
this paper, based on the cellular automata model, the potential field theory is introduced in the
moving part of pedestrians to establish a pedestrian evacuation model in the museum exhibition
hall containing obstacles, and the model is used to simulate and study the effects of the number of
evacuees in different exhibition halls, the number and layout of obstacles in front of the door, and
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the number and layout of exhibits in the exhibition hall on the evacuation time and evacuation
dynamics. Later, the dynamics behavior in the simulation was verified with the help of Pathfinder
software, which proved that the model in this paper is reasonable and can be used for the study of
pedestrian evacuation in the exhibition hall. The results show that a reasonable arrangement of
obstacles will accelerate the process of pedestrian evacuation and reduce the influence of
arch-forming behavior near the exit. This study has guiding significance for the safety of the mu-
seum exhibition hall’s layout.
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Figure 1. Schematic diagram of cellular automata rules
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Figure 2. Global movement potential energy distribution for an evacuated space with obstacles
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Table 1. Setting of the speed of travel during evacuation
1. AP REPITHERENIRE
i N3 BT (B P v, /(m-s”) R v/ (m-s)
<2 p~U(1.115) v, ~ U(1.265,1.875) v~U(1.165,1.975)
<4 p~U(0.9,1.1) v, - U(1.035,1.375) v~U(0.935,1.475)
<7 p~U(0.9,1.0) ~U(1.035,1.25) v~U(0.935,135)
ity 1 ~U(0.7,09) ~U(0.805,1.035) v~U(0.705,1.135)
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Figure 3. Diagram of the distribution of obstacles in the exhibition hall

E 3. RTERISHREE

R M B V) T BB EE SOA F, THEISERE BN D, THRIRIEBON L, ALK BN
AR RENETTIERERGY), KT TR S FRATE, K T TR S TR SN SR TR B e SO Fr P
[IVREARITX FR A S A 2k R B AR Il B B, 58 SO W, b K

FEIRIRITHI T F e {3,4,5} N, D=1105E, L €{2,3,4,5} i 12 Fi 1A B F e (3,4,5}, W €{1,2,3}
I 9 b IAEAT BT R AN . IETTTREIT R 1 F e {3,4,5} I, D=1183E, Le{2,3,4,56} K 15%
VAT E A F e {3,4,5), W e{1,2,3} I 9 Fi | VA B BB R

3.2. RFTARIEHRE

JEEJT PR BACRE M 5 K B e P S R A, SRR B L TR £k . SR AR A R Y
Trids, X FRIT A v R A i K H A BT EXT B AR S EEAT 7T BT, AR RO K K IIETT T .

DOI: 10.12677/jsst.2023.112002 10 GEIHA


https://doi.org/10.12677/jsst.2023.112002

SN &%

T

8 8 8 8
¥ 08 & 8
098 7 65 43210
3 8 &8 ¥ 3

ontoRgnran2NTRERARARRIVILIR onTeoagnzeaRRIRRRARRRIVT 2] ShedinzimiiiinnaisRetisn

°- woff o

m .
o oo zof [ -
- oo 100 -3 0
: || — - (- F—
B 20
",...‘. o T s s o EE R RN
nnnnnnnnnnnnnn mzxnswssss ONTOoRoNNSRRANISSRAIRR 973?93 """"“’ﬁlﬁ!ﬁz:ﬁ:*ﬁ%i 97:3 5‘

(@) L4145 (b) FL 55 (¢) 61 (d) FLT A () FLBE2 K4 X); () FLkEE3 K4 x)

Figure 4. Distribution of high display cabinets in rectangular exhibition halls
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Figure 5. Distribution of high display cabinets in square exhibition halls
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Figure 6. Evacuation time diagram for rectangular exhibition halls with obstacles
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Figure 7. Evacuation time diagram for square exhibition halls with obstacles
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Figure 8. Rectangular exhibition hall high exhibit evacuation spatio-temporal evolution spot map
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Figure 9. Rectangular exhibition hall door wall evacuation spatio-temporal evolution spot map
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Figure 10. Spatial and temporal evolution of the square exhibition hall high display case pedestrian evacuation spot map
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Figure 11. Spatio-temporal evolution of the square exhibition hall gateposts for pedestrian evacuation spot map
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Figure 12. Pathfinder modeling schematic
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Figure 13. Evolution of the evacuation speed in rectangular exhibition halls with high display cases
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Figure 14. Evolution of the rectangular exhibition hall door wall for pedestrian evacuation
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Figure 15. Evolution of the rectangular exhibition hall door wall for pedestrian evacuation

15. EARTSRIBIT ARBZEEELE

K15 Jos THRTRRE T 22 3 KB 11 100 AR, BEESYIONREAT 3 AT H 1 A ZAHBE 3 R AT B e g
#, #£ Pathfinder " 47 N Bl FLEALIE o JTAGIS Z, B DI B0 1 s P i hr, 55 S B e W 1
DLl Bl e AR S WUE UMY o AT NS 20 ah X, I8 3h B0l B, A7 NI ST 9l
W, HFFEERTREB, XK 12 Friasi a0 ey, ERESXHN, T AR TOIFCEGR K 10 $
— RPN S L, RIUE W AN BERS XA AT AT

16 JER TR IEIT /e 3 K FLH 1 100 NI, FEAg¥ o9 i Dok, #HRE 3 0K A Ky— K IE
JiIBITRE, fE Pathfinder (AT NS ECHEBA IR 55 ACTBEAL I o AT NI SEAT AR R IREH 1, £E RS
BTt B 7 B, BT 0 B HEAAT AN I AT Oy B S LE RS RS B AW R, RIER 1AL 11 A
TS I3 g 4

GRERAE, ILITRREIT WA ERRISI BT AR, RO AR AT NSRBI AR WY 0 BT Y,
£ L AEAG I 2 s, (Bl DGRBS . RRE . — @R EUE] 1 &S
oA B AR IE A IR A, (BRI RS B0 1 AR S 18] R SR PR IER B XL

DOI: 10.12677/jsst.2023.112002 19 ZIHEA


https://doi.org/10.12677/jsst.2023.112002

LN 2%

(@) T=0; (b)T=5: (c)T=10; (d)T=18

Figure 16. Evolution of the level of service for the evacuation queue of pedestrians at the gate pillars of the square exhibition

hall
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