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Staircase Evacuation Model Considering Merging Flow Process
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Abstract: For exploring the influence of merging flow process on staircase evacuation, the queuing
theory is adopted to compute the pedestrian flow output rate in the platform floor; the stairs merging
rate is introduced to describe the pedestrian passing rate of staircase and floor channel at the unit time.
Based on the merging process of stairs, combining the pedestrian flow output rate in the platform floor
and merging rate, the whole staircase evacuation process is divided into three parts, the interaction re-
lationship between the number of pedestrian flow in each stage is analyzed, and the staircase evacua-
tion capacity measurement model was constructed, describing the dynamic change process of pedestri-
an flow in staircase evacuation. The different widths of floor channel are set to calculate the merging
ratio, and to simulate the pedestrian merging process of stairs by the different merging rates. The re-
sults of simulation show that the floor merging process affect the staircase evacuation capacity, the pe-
destrian output rate of floor platforms and the evacuation capacity of stairs showed a trend of first in-
crease and then decrease as the increase of confluence ratio. When the flow rate i1s 0.46, and the floor
channel width is 130 cm, the output rate of floor platform pedestrian flow and the capacity of evacua-
tion reach the maximum values.

Keywords: systems engineering; evacuation capacity; queuing theory; merging process; staircase

evacuation; merging ratio
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Fig.1 Three stages of the staircase evacuation process
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Fig.2 Flow chart of the staircase evacuation process
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Table 1 Evacuation results of different merging rates

BEEE W Bl D BERFAAR
WOE/mo R ME/s ME/s R/ )

100 0.4 456.50  338.70 0.97

110 0.42 450.30  309.60 1.18

120 0.44 446.80  292.30 1.27

130 0.46 440.80  270.90 1.39

140 0.48 441.00  273.30 1.37

150 0.5 445.00  275.30 1.31

160 0.52 448.00  296.90 1.23

170 0.53 449.50  301.40 1.21
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under different floor channel widths
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