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Abstract

Crowd management during Umrah and Hajj at (Al-Masjid Al-Haram), particularly during Tawaf
and movement between the Mataf and Masaa areas, is essential for ensuring pilgrim safety and
operational efficiency. Physical barriers are widely used to regulate pedestrian flows and organize
movement paths; however, their placement and design can significantly influence both ritual

completion time and overall operational performance.

This study evaluates the impact of organizational barriers on the Tawaf floors and the routes
connecting the Mataf and Masaa areas using computer-based modeling and simulation. A
pedestrian simulation model was developed to represent the operational environment and assess

different barrier configurations and movement routes.

Several simulation scenarios were conducted to examine the effects of varying barrier locations
and alternative routes via escalators and Bab Al-Salam. The results show that barrier placement
directly affects Tawaf distance and completion time, with greater distances between barriers and
perimeter railings resulting in longer travel paths and increased ritual duration. The findings also
indicate that more direct routes reduce travel distance and transfer time, improving pedestrian
flow and reducing physical effort, while some longer routes may help distribute crowds more

effectively during peak periods.

The study demonstrates the value of simulation as a decision-support tool for evaluating
organizational alternatives before field implementation. It recommends carefully considering
barrier placement and route design to achieve an appropriate balance between operational

efficiency, safety, and crowd distribution within the Grand Mosque.
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