Room Capacity Analysis Using a Pair of Evacuation Models

We present two models for determining the amount of time it takes a given number of people to evacuate a given room.  A room’s maximum capacity can be derived from this by imposing a maximum evacuation time.  The maximum evacuation time must take into account factors such as the fire-resistance of the room and should be calculated, for example, by the Fire Marshall.  

We developed a graph-based network flow simulation.  People are modeled as a compressible fluid which flows toward and out the exit.  This model assumes people’s interaction properties, based on industry research.

We also developed a discrete particle simulation.  In this model, people are modeled as disks that attempt to reach the exits.  In this model, people’s interaction properties emerge from local, per-person assumptions.

Despite their very different approaches and assumptions, both models substantially agree on our test cases.

We found that the posted maximum occupancies of the local buildings we simulated are adequate.  At maximum occupancy, everyone evacuated in under 3 minutes; an acceptable evacuation time [Life Safety Code].

We also found that the graph of total exit time vs. starting population is linear, in both models.  Initially, this appears to contradict the conclusion that crowding slows progress through the exits. However, we attribute this to the fact that exits become congested very quickly, even if only a few dozen people are attempting to exit. 

