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Fire in underground parking garages poses a serious threat to the safe evacuation of occupants due to the rapid
accumulation of smoke; therefore, the proper design of ventilation and smoke exhaust systems is essential for
maintaining adequate visibility and facilitating emergency egress. However, the minimum air volume required to ensure
sufficient visibility for safe evacuation in accordance with international standards remains subject to different
interpretations. In this study, PyroSim software was employed to numerically investigate the required air volume for
smoke exhaust from a 4 MW fire scenario with a duration of 5 minutes in four enclosed parking garages with floor
areas of 500, 1000, 1500, and 2000 m?, and the visibility conditions were analyzed 10 minutes after fire initiation. The
results showed that for parking garages with areas of 500 and 1000 m?, an air change rate of 25 air changes per hour
(ACH) is required to achieve a visibility distance of 10 m after 10 minutes, whereas in larger garages with areas of
1500 and 2000 m?, an air change rate of 20 ACH is sufficient to provide this level of visibility throughout the entire
parking space, which can be attributed to more uniform airflow distribution and improved smoke dispersion in larger
volumes.
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Table 1 Calculated airflow rates for different parking areas and 10ACH

scenarios
Fresh Smoke Fresh Air Smoke Exhaust
a(m)xb(m) airflow Extraction Flow oi Intak.e Vent Dimensions
(m”3/s) (m"3/s)Rate Imensions (m)
(m)

25x20 0.5 1.038 0.35 x+0.3 0.66%0.3

50x20 1.04 2.082 0.5%0.35 0.96x0.35

75%20 1.56 3.12 0.6%0.45 0.86%0.5

100x20 2.082 4.16 0.96 x0.35 1.016%0.55
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Fig. 1 (a) Three-dimensional view of the parking space, (b) simulated view in
the PyroSim software.
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Fig. 2 Heat release rate (HRR) curve.
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