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Fire Simulation Analysis on the Effect of Delaying Fire Spread of
Flame Flame-Resistance Treatment for Wooden Building
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Abstract

As for the fire hazard of cultural properties of wooden structures in Korea, there have been continuous cases of fire loss in
national treasures such as Geumsansa Temple in 1986, Guryongsa Temple in 2003, Naksansa Temple in 2005,
Changgyeonggung Palace in 2006, Bulguksa Temple in 2007, and Sungryemun in 2008. In this study, structural parts
vulnerable to fire spread were identified through fire simulation tool, and the fire hazard in the structural parts before and
after flame-retardant treatment was evaluated for Sungnyemun and Bulguksa Daeungjeon, which are open and closed
wooden structures, respectively. As a result, no flashover occurred in both Daeungjeon of Bulguksa and Sungnyemun,
which had been treated with flame retardant treatment. At 200 seconds after ignition, Dacungjeon of Bulguksa was less than
50MW and that of Sungnyemun was less than 10MW, which was 3.4~6.44 times lower than before flameproofing. and the
maximum temperature was below 800 °C, confirming that flame growth was controlled.
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Table 1. Fire Source and Pool Fire Condition

Contents Condition and Information
Items Factor Value
Initial mass in vessel 14.719g
Total mass released 14.719kg
Time needed to empty vessel 11s
Fire Source Maximum mass flow rate 2.6169kg/s
Representative outflow duration 2.479%g/s
Representative outflow duration 6sec
Corresponding vessel pressure 1.0413bar
Equvalent diameter poolfire 1.7664m
Calculated pool surface area 2.4506m’
Pool Fire Condition Combustion rate 0.15438Kkg/s
Duration of fire 95.338sec
Surface emission power flame 45.723kW/m’
| |

(a) Side of the wall (b) Cent of the hall

(©) The actual location of the fire in Sungnyemun

Fig. 1. Fire Ignition position of Daeungjeon Hall of Bulguksa Temple (a, b) and Sungnyemun (c)
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Table 2. Fire Specifications of Flammable Matrials

Materials Condition and Information
Properties Temple floore cushion Wood (Pinus densiflora)
Conductivity (kW?s/m*K?) 0.035' 0.1472
Specific_Heat (kJ/KG-K) 1.3 2.8
Densitty (kg/m’) 14.4° 640°
Heat Release Rate (kW/m?) 385 216
Flame Spread Velocity (m/s) 0.00292° 0.000813°
Superscripts Data from: 1,2: Insulation Materials_Department of Energy, 3: Measured data, 4:
Remarks SFPE Handbook Table 3-1.3, 5: Study on upward flame spread of cotton fabrics with
moisture regain, Case studies in Thermal Engineering, Vol.21, OCT. 2020, 6: SFPE
Handbook Table 2-12.2
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Table 3. Fire Specifications of Flammable Matrials

Fire specification
Matrials Vims) St e Tig %
Wood 0.000813 43 385 155
Cotten Cushion 0.00292 29.2 435 335
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Table 4, Spatial grid configuration for Daeungjeon Hall of Bulguksa Temple (a) and Sungnyemun (b)
Grid Shape Axis X Y z
Items
Cootdinates 30~57m -4.5~22.5m 0~15m
Grid number 90 90 50
(a) Interval 0.3 0.3 0.3
Total Number of grid 90x90x50 = 405,0007}
Cootdinates 8~38m 7~23m 11~21m
Grid number 120 64 40
(b) Interval 0.25 0.25 0.25
Total Number of grid 120x64x40 = 307,20071]
EAL g7t oA o] sPAEH 014 Aatel thet 257 27 3 Fig. 29t gol 242t E=A -84
RT-02 (X: 40.7, Y: 8.5, Z: 8.0), s el& West-01(X: 18.5, Y: 14.35, Z: 14.0)°|t}.

(b) The actual location of the fire in Sungnyemun

(a) Side of the wall

Fig. 2. Temperature measurement locaton of Daeungjeon Hall of Bulguksa Temple (a) and Sungnyemun (b)
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Fig. 3. Fire Temperature Change for Non Flame-Resistance and Flame-Resistance; at Point RTO2 of (a) Daeungjeon in
Bulguksa Temple and (b) at Point West-01 of Sungnyemun
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Fig. 4. Fire Intensity (kW) of Daeungjeon in (a) Bulguksa Temple and (b) Sungnyemun
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