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A study on prediction and improvement method of fire risk for a newly built college dormitory
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Abstract: As a college dormitory has the features of high dwelling density and a floating population that becomes crowded during
particular times, when a disaster such as a fire occurs, it has the risk of causing much loss of life. In this study, the fire simu-
lation program Fire Dynamics Simulator (FDS), is used to predict the risk when a fire occurs, to analyze the problem, and to sug-
gest an improvement plan for a new cadet dormitory at an university in Korea. The research results are as follows. When a fire
occurred in the ironing room inside the cadet dormitory, a smoke detector operated after 65 seconds. Thirteen seconds later, a
sprinkler started to operate. The temperature and carbon monoxide density reached the limit value at 241 and 248 seconds,
respectively. Because the limit visibility value was reached within 66 seconds after the occurrence of a fire, it is predicted that
preparation must be finished and evacuation should begin within 1 minute after the fire occurs, in order to have no casualties.
Synthesizing this dormitory fire risk prediction result, the visibility value is considered to be the most dangerous factor for personal
safety. Because of this, installing a smoke extraction system is suggested to secure visibility. After the installation of a smoke ex-
traction system, the problem of smoke diffusion in the corridors improved.
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Nomenclature qQp Heat release rate of particles
t Time T Temperature
P Density w Molecular weight
u Velocity R Universal gas constant
P Pressure ” The conductive, diffusive, and radiative heat
q Acceleration of gravity q fluxes
y . The production rate of species by evaporating
fi External force vector m, particles
b Sensible enthalpy T Viscous stress tensor
q Heat release rate per unit volume c Dissipation rate
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Table 1: Installation Standards for Fire Detector

M

Attachment
Types of fire detector

height
Differential active fire detector
Spot type of combined heat detector
Constant temperature type fire detector
Less than | Tonization or optical smoke detector
4m Combinational fire detector of heat

Combinational fire detector of smoke

Combinational fire detector of heat and smoke

Flame detector
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Table 2: Criteria for human safety

Criteria
Limits of Breath 1.8m above floor
Temperature 60T
Visibility 5m
CO 1,400ppm

2

o)

o =

Table 4: Human symptoms according to the carbon mon-

oxide concentration

Carbon monoxide Time
. . Effect
concentration [ppm] [min]
200 120-180 .
200 45 Light headache
3,200 10-15 Dizzin
6,900 30 o8
12,800 1-2 Death
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Figure 1: Aerial view of te college dormitory

Table 5: Overview of the college dormitory!)

’ljal-)le.>.3: Situation according to the optical density and the Cg:;ig?:;lo:n 3 Decembercozr:)tTrSlts(Planne )
visibility — Building_scale BF1/ F5
Optical Visibility Situation Gross floor area 27,060.01 m’
density [m] c ) 1,500 Person
0.1 20 - 30 S.moke detector wor}(s apacity (Single room:20, Double room: 732,
0.3 5 Difficulty of evacuation (Room) .
0.5 3 Feeling of darkness Disabled room: 8)
1.0 1-2 Hardness of seeing
10 0.2 - 0.5 Guide light is not visible
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Figure 2: Floor plan of the college dormitory
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Table 6: The condition of fire simulation

Classification Contents

Floor plan size 119m x 106m x 2.3m

Fire place Ironing room
Fire Type of fire Electrical fire
o Heat release rate 3,810.6 kW
Condition Reactions Polyurethane
Time slot Midnight
Time 0~500 sec
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Figure 4: Activation time of fire detectors and sprinkler
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