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Extended abstract

Introduction: In designing buildings with complex functions and diverse spaces, designers typically
rely on existing standards to ensure occupant safety during emergencies. While the primary goal of these
standards is the complete evacuation of the population to preserve human life, they do not necessarily
account for diverse occupant behaviors, interactions with the physical environment, or effective
evacuation management strategies. This study addresses the following questions: Do social
dependencies influence evacuation duration? To what extent do fear and panic affect evacuation time in
emergencies? What is the impact of phased evacuation strategies on overall evacuation time? The aim of
this research is to evaluate and explain the components affecting emergency evacuation time and to
provide predictive simulations of evacuation processes in crowded spaces, particularly religious
facilities, to support decision-makers in both design and operational phases.

Methodology: The research is applied and descriptive-analytical in nature, yielding explanatory results.
By developing the E&E framework and employing an agent-based approach to simulate emergency
evacuations under plausible scenarios, the study evaluates and explains the components influencing
evacuation duration in emergency situations.

Results: Simulations revealed that the baseline evacuation time under non-emergency conditions was
619 seconds. When behavioral, managerial, and spatial components were applied in various scenarios,
different outcomes emerged relative to this baseline. In the behavioral domain, social dependencies at
levels of 5%, 10%, 15%, and 20% of the population increased evacuation time up to 675 seconds. In the
managerial domain, phased evacuation strategies with delays of 45, 90, and 135 seconds extended
evacuation time to 647 seconds. In the spatial domain, aligning escalator movement with evacuation
flow reduced evacuation time; synchronization of two escalators reduced the time to 599 seconds, while
synchronizing up to ten escalators further reduced the time to 542 seconds.

Discussion: By identifying and consciously managing effective and potential components from the
design phase through the operational phase, evacuation time can be reduced, thereby lowering the risk of
injuries and casualties in emergency situations.

Keywords: Safe population evacuation, emergency situations, agent-based modeling, simulation,
crowded spaces.
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