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Abstract

With the rapid economic development and urbanization process, population gathering phenomena in
public spaces have become increasingly prevalent. When the road has a merging structure, pedestrians
from multiple directions converge into a single pedestrian flow, which will greatly reduce the move-
ment efficiency of the crowd and is not conducive to emergency evacuation in dangerous situations.
This paper takes the pedestrian evacuation in the scenario of multi-branch merging as the research
object, simulates the interaction among pedestrians during multi-branch merging, improves the de-
sired speed of pedestrians in the original social force model, and introduces the following force and
overtaking force. The model’s validity was verified through numerical simulations, while the impacts
of merging angles, branch widths, branch distance, and branch directions on pedestrian flows were
systematically investigated. The research results show that the larger the merging angle is, the higher
the pedestrian evacuation efficiency will be. Increasing the width of the branch roads cannot signifi-
cantly improve the overall evacuation efficiency. Greater branch distance reduces pedestrian conges-
tion and shortens passing time. When branches are positioned on opposite sides, the increased com-
plexity of movement and merging dynamics leads to reduced pedestrian velocities and lower passing
efficiency. The findings of this study provide a theoretical basis for the design and optimization of safe
evacuation in multi-branch confluence scenarios.
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Figure 1. Diagram of the multi-branch traffic merging scenario
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Figure 2. Multi-branch pedestrian merging experiment [3]
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Figure 3. Pedestrian vision search area

E 3. 1TANEFREREE

JE IR kL2 SRR AT N HE ST 0 S D R ELARE, SR AR PN AT N T 0 R B R R AT
WRYEAT NAE E O R REREAILET 6 B Y A AS ) BEAS [ BE B B AN R B HE R U I, AR S AEAT N T8

DOI: 10.12677/jsst.2025.132005 43 EJUES#N


https://doi.org/10.12677/jsst.2025.132005

HTWs 5%

JF TN AT N5 1) RS B, 30 R o
1-cos
2
X A BT NS 25 R Ve 0 AR 8 BUEDATO0, 1], BRI XHAT NI T ZERZ ™ B 6,
TN TT I 52347 N § BIHEF D377 10 e A
it Ja AT N IR HET 72 3000 R frs

R =4 +(1-4)

U]

4)

fy =A exp[(ri,- ~dy)/ Bi]ﬁ"’ i ©
ST N | AT BT A AR b, WA S A A SR, A TR

1, d;<| 6
Alo 4o ©

§ -dj

1 2> cos—

B, = |§i|"dij‘ 3 ?

0, others

A dy BTN ST 2RI | BT AR OB EAR: g R T N i AT 7 10
d; BT N IR A RS RE, 2g 5 d, WS/ T 607, A7 A jAETAT A i HBRBES 3 A L
W

B RE BT N ST BB AE A 1) B B R B b, BOE A BE S H B, X S B A AR AR AT

HIE, WFFTR:
Lo |xi-xj|<h
ﬂ3= (8)
0, |X/-Xj|>h
R, X{AX AT N RAT N jIISE A B R ARRR s h AT A FT LIONERBEAT Ry R AL B 20 Y B i
FRES, K/ADBEN 1m.
BEAT N AT NG FAEF RV E DLA, AT A [N 220k 547N j IR ARG 1. AT
N IAIEE RS Ay, AT N i 225 1K T H ST N j R TT, /- EmRaT A jEsr s
[10], Wil 4 Frows

Figure 4. The following behavior of pedestrians in the same direction
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Figure 5. Pedestrian lateral tracking position adjustment
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Figure 6. Pedestrian transcendental behavior
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Table 1. Parameter setting of simulation experiment
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SR/ 7, 05s
T A AN 16 m. 1.6m
K AN B 3.6m. 1.2m
I I 8 P 24m
T 60°
AR/ VO (t) [1.2 m/s, 1.4 m/s]
TN v [0.2m, 0.25 m]
HWERME a 120°
T AMRREBNRE 1/ H 120 N
MEF R/ 1, 1.6 m
BI85/ k 1.2 x 105 (N-m)!
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Figure 7. The spatiotemporal evolution pattern of pedestrian evacuation in multi-branch merging
scene (a)t=30s; (b)t=70s; (c)t=110s
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Figure 8. The spatiotemporal evolution pattern of overtaking behavior in pedestrian flows (a) t =
23s;(b)t=25s;(c)t=27s
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Figure 9. The relationship between density in measured area and time
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Figure 10. The spatiotemporal evolution pattern of pedestrians when the merging angle is 30° (a)
t=30s;(b)t=70s; (c)t=110s
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Figure 11. The spatiotemporal evolution pattern of pedestrians when the merging angle is 90° (a)
t=30s;(b)t=70s;(c)t=110s
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Figure 12. Influence of different merging angles on pedestrians’ passing time
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Figure 13. The spatiotemporal evolution pattern of pedestrians when the branch width is
08m@)t=30s;(h)t=70s;(c)t=110s
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Figure 14. The spatiotemporal evolution pattern of pedestrians when the branch width is
16m(a)t=30s;(b)t=70s;(c)t=110s
Bl 14, ZEETEEH 1.6 m FHTARRERUBEE() t=30s; (b)t=70s; (c)t=110s
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Figure 15. Influence of different merging angles on pedestrians’ passing time
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Figure 16. The spatiotemporal evolution pattern of pedestrians when the branch distance is 1.2 m
(@t=30s;(b)t=70s;(c)t=110s
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Figure 17. The spatiotemporal evolution pattern of pedestrians when the branch distance is 3.6 m
@t=30s;(b)t=70s;(c)t=110s
Bl 17. ZE&(EEEY 3.6 m BT ARIRT =R L BEE (a) t=30s; (b)t=70s; (c)t=110s

K18 g th TAEANRISCES A ER T, AT NI AN 7] DX Iy (8] i B par BAAS Y, SRR (A Rk SE, SR A
CSCRRIAT NI I I 5] B 2, R BR S R SRR, £ SRR AT AHE N % I 10 725 ] 5 4+ 2 JEE
/Ny AT NATEAOREF AP FE AT 2E,  (HAB AT REE A SCRR AT N — @ RERE e N EREAEEIE K. B A
Kt PSR S A BR T R e = SR TE R AT N Z RIS ELAR T, T BRAOR, VIR X A 4 e Uk
b, BUHCSCR B R -

140 [ ——

\ \
120 | —
100 - —m— HISCERAT N AR i )

—o— ZICHAT N AL i [a]
—h— 2EAT AELH AR ()

t::t::izziiii

0 1 I 1 I I
0.6 1.2 24 3.6 48

% (8] #E (m)

O]

&
=)
T

%)
S
T

Figure 18. The influence of different branch distance on pedestrians’ passing time
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Figure 19. Diagram of the merging scenario in which branch directions are changed
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Figure 20. The spatiotemporal evolution pattern of pedestrians when the branch road is on the
opposite side of the mainroad (a)t=30s; (b)t=70s; (c)t=110s
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Figure 21. Trajectory comparison of pedestrians on the main road in different merging scenarios
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Figure 22. The change of average pedestrian speed in different main road sections
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