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Abstract: This paper aims to distribute the crowd flow of vertical evacuation paths reasonably. First-
ly, the structure and evacuation channel of the vertical ship lift are analyzed to identity the feasible
path of vertical evacuation by using elevators and stairs. Subsequently, the evacuation time from eleva-
tors to nearest exits, from stairs to upstream platforms, and from stairs to downstream platforms is
calculated, respectively, to determine the vertical evacuation time. Finally, the shortest vertical evac-
uation time is taken as the target to obtain the optimal crowd flow distribution coefficient based on par-
ticle swarm optimization (PSO). The results show that when the elevation is between 62 m and 128
m, the proportion of stairs can be increased appropriately, and the proportion of staircases to upstream

is 0. When the elevation is between 128 m and 147 m, the proportion of stairs can be further in-
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creased. When the elevation is between 147 m and 175 m, the proportion of stairs can be reduced ap-

propriately, and the proportion of staircases to upstream is 1. In this case, the evacuation time is effec-

tively shortened after flow distribution.
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Fig.1 Vertical ship lift structure
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Fig.2 Staircase and elevator evacuation
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Fig.3 Evacuation simulation process
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Fig.5 Evacuation time up the stairs
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Fig.7 Evacuation time down the stairs



B AL s i) 5 A v R G 4 K R 1R e O ELS R
T ] A 2% PR T A% 0 T P BG40 /0N B AR i b
Ut B B P S v R T U T £ A T R
G277 QN B T O = G I 7
FRF 8] 98 /1N o
424 BRECAE SR

A 6 ST ] i 45 0 v R R R O B 4] A 1k
KR ML & 8 fr 7R o A BA A H Lb ) [ | 3 1 6R
PRI [0 i 5 5% v R 100 396 m 2 2 /N TS KR U /N
4 75 Ak B 5 458 55 o R 1 52, T L 6 SO T B R
T L 451 1 386 R S22 3 S /N B K R B I R
FRe[62,72] m B, 5 24 8 A% B 8 F L 1) mT L 3
LB AL R f s A SR AR (72,1100 m, 5 R iFER
BT & 85 B /N, 48 B i B ) AT 2 — 2B g K 45
SR FEE(110,128] m, 5 N WE GO £ 1 B % ik
R, R R b 1) AR X /N 5 45 e R e (128,139
OO i QNG £ T N 17 G R S/
R 6 AT P L B8] AR X 38 K5 45 S R 2 € (139,147 ] m
i QNG K A I i N 13/ S S/ R (B
R B HOCT & B R 2D B K R L 481 A X
W PR R FEC (159, 175] m, B A BUEE b B
[ G Sl N0/ AN (E NG = 2 W e B S S SR S - G -
il FH BB X A A

T AR B HG B o B P I SR AR B i R Y
i, i 2 BB ) i 5 Y LA B AR R Gn 18T 9
iR

54 RSB 9, mI A5 AN R 45 5 v R R SR AR
B AR A LR 1

B A / s

K8 2 BB (A

Fig.8 Vertical evacuation time
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Table 1 Optimal evacuation route flow distribution
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