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Abstract

Aiming at the current problem of evacuation of super high-rise buildings in emergencies, this paper
proposes a novel three-dimensional evacuation model. In particular, the model takes into account
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the physical exertion of an individual due to continuous movement during a long-distance evacuation,
and how this exertion dynamically affects the individual’s speed of movement. To accurately simu-
late the evacuation behavior of individuals, we adopt a technique that combines static field theory
and meta-cellular automata methods, and the effective integration of these two methods can more
realistically reflect the complex dynamics of crowd evacuation. In the model, we simulate the speed
change of individuals during evacuation by adjusting the time step to reflect the effect of physical
exertion on evacuation speed. We performed detailed 3D modeling of stairwells in ultra-high-rise
buildings to ensure that the models accurately reflect evacuation in a realistic environment. To en-
sure the reliability of the proposed model, we conducted several comparison experiments with the
existing simulation software Pathfinder. In the same evacuation scenario setup, we found that the
model without considering physical exertion is highly consistent with the simulation results of Path-
finder, which proves the accuracy of our model in simulation. By analyzing the box plots, we can see
that the model considering physical exertion shows good stability in multiple simulations. Further
time series analyses revealed differences between the two models in the relationship between evac-
uation time and number of evacuees. While the Pathfinder model shows a simple linear relationship,
our physical exertion model shows a more complex relationship, which is more in line with the ac-
tual situation, allowing for a more realistic and rational evacuation simulation.
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Figure 1. Flowchart of meta-cellular movement
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Figure 2. Grid assignment and contour effect
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Figure 3. Plots of meta-cellular movement trajectories under different neighborhood static fields
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Figure 4. 36 neighborhood schematic and meta-cellular movement trajectory diagrams
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Figure 5. Stairwell movement rules for 2D models
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Figure 6. Stairwell movement rules for 3D models
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Figure 7. Schematic of the three-dimensional movement of the meta-cellular
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Figure 8. Flowchart of meta-cellular movement
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Table 1. Comparison of total evacuation time for Pathfinder model, 3D-SHEM and PE-3D-SHEM
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