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Performance-based Evaluation on Evacuation Safety of Studio
Residential Buildings according to Installation of Smoke
Exhaust System
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Abstract

Most studio residential buildings of the type frequently constructed in big cities suffer from a paucity of smoke exhaustion facilities
and fire-fighting equipment. This poses a significant safety risk and may cause many casualties when fires or fire-related accidents
occur. In this study, fire and evacuation simulations were conducted at a studio residential building, and the level of evacuation
safety was evaluated according to the location of fire ignition, installation of smoke exhaustion equipment, and evacuation delay
time. The simulation results showed that the most effective methods to minimize casualties caused by fire are to install smoke
exhaustion equipment and to significantly reduce the evacuation delay time by all possible means.
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Table 1. Performance Criteria for Life Safety

Performance criteria

1.8m from the bottom
Less than 60C

Breath height limit

Temperature limit

Allowable visibility Sm
Howabl CcO 1,400ppm
A Toxicit
owa .e. oxtety 0, More than 15%
limit
CO, Less than 5%
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Fig. 1. Description of Studio Residential Building
(5 story building)

Fig. 2. Floor Plan of Studio Residential Building
(9 rooms on each story)
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Table 2. Horizontal Area of Combustibles

Horizontal area (m?)
Desk 0.84
Chair 0.16
Wardrobe 0.96
Bed 2.00

Table 3. HRRPUA of Combustible Materials

Material HPPPUA [MW/m?]
Wood furniture 1.80
Polyethylene 1.36
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Fig. 3. Fire Compartments and Devices
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Table 4. Fire Scenarios

Fire Fire location window Smoke
scenarios (comp. A/B) ventilation extractor
S1-AXX A X X
S2-AWX A 0 X
S3-AWE A 0 0
S4-BXX B X X
S5-BWX B o X
S6-BWE B 0 0
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Table 5. Minimum Residential Area (MLTM, 2011)

Household members Member Total area (m?)
1 Single 14
2 Couple 26
3 Couple+Child 36
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Table 6. Evacuation Delay Time (minutes)

Usage Wi w2 W3

Dormit iddle/high-ri
ormitory, middle/high-rise <9 4 > s

housing*

* Residents knows floor plan very well, and are accustomed
to alarms and escape routes, but might fell in a sleep
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(b) Fire scenario S2-AWX
(window ventilation)

(¢) Fire scenario S3-AWE
(window ventilation + smoke extractor)

Fig. 4. Smoke Behaviors at 3™ Floor with Fire Initiated at
Compartment A
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Fig. 8. Analysis Results on CO Concentration
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Fig. 9. Analysis Results on O, Concentration
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Table 7. Evaluation on Evacuation Safety Under the Fire Initiated

at Compartment A

Fire Scenarios Scenario S1-AXX (vsv?rfgggloviigi?a\gsi) (V?i:]edr:)elvrlo +Se3>;tAr;2/t§r)
Evacuation Cases Casel Case2 Case3 Casel Case2 Case3 Casel Case2 Case3
Evacuation Delay time (s) 60 120 300 60 120 300 60 120 300
Number of casualties (person) 0 31 32 0 0 32 0 0 0
Required Safe Egress Time (s) 88 148 329 88 148 329 88 148 329
Available Safe Egress Time (s) 114 307 More than 500

Table 8. Evaluation on Evacuation Safety Under the Fire Initiated at Compartment B

Fire Scenarios Scenario S4-BXX (vsvicr?(rilz\r:/ovzzgii\gi) (V\i;e(ir:)ir\]io+sf);g;§tlir)
Evacuation Cases Casel Case2 Case3 Casel Case2 Case3 Casel Case2 Case3
Evacuation Delay time (s) 60 120 300 60 120 300 60 120 300
Number of casualties (person) 0 31 32 0 31 32 0 0 0
Required Safe Egress Time (s) 88 148 329 88 148 329 88 148 329
Available Safe Egress Time (s) 113 113 371
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