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Abstract

To address vertical smoke control challenges in super high-rise mixed-use buildings, a 200-meter comprehensive building was
selected to establish a unified fire scenario based on a two-level underground cable tunnel. Simultaneous temperature and velocity
measurements were conducted in the shaft-shear stair coupling zone, followed by the development of a 1:1 FDS time-series boundary
model. Field measurements revealed peak shaft temperatures reaching 280°C, roof shaft wind speeds of 14.1 m/s, and smoke front
arrival at approximately 185 seconds on the 24th floor. Numerical simulations demonstrated that when shaft temperatures exceeded
200°C, effective air supply density decreased by approximately 18%, design air volume remained at 62 m®s, and door jet velocities
dropped below 0.75 m/s, resulting in reverse infiltration [1]. Fixed fire suppression evaluations showed that coordinated water
cannon and high-pressure fine water mist systems reduced average shaft temperatures from 280°C to 120°C within 600 seconds. A
novel strategy combining variable frequency pressurization with variable air volume exhaust systems, guided by shaft temperature
metrics, integrated fine water mist distribution at 12-meter intervals and synchronized water cannon operations, achieved maximum
shaft temperatures of 95°C through consistent boundary conditions and Monte Carlo simulations. This approach limited fire spread
to floors below the 30th level, reduced actual evacuation time to approximately 380 seconds, maintained 99% evacuation success
rates, and increased investment by only 0.8%. The study establishes mechanism-based diagnostic frameworks validated by field
measurements and practical control parameter tables, providing an engineering-oriented approach for vertical smoke suppression in
super high-rise buildings [2].
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