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ABSTRACT

An analysis methods using commercial software and experimental methods to evaluate the fire resistance of fire doors place
an economic burden on customers. Therefore, in this paper, we developed a numerical computation procedure for predicting
temperature rise in fire doors using convenient spreadsheet methods and finite difference methods. For the main parameters
applied in the numerical calculation, the surface emissivity &,,= 0.30~0.75 of EGI steel plate for fire door finishing materials
was applied from a previous paper on emissivity determination. The thermal conductivity of mineral wool insulation was based
on information provided by the manufacturer, and linear and exponential thermal conductivities were applied to enable
application to high temperatures after 600 C. For the steel plate, the specific heat, density, and thermal conductivity
recommended for carbon steel in Eurocode 3 were applied. The numerical calculation procedure of the developed spreadsheet
method was verified for reliability and accuracy through comparison with fire test data, and therefore, it is judged that the

developed spreadsheet method can be used when designing fire doors.
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For20C < T, <800C

k= 54—333x107 T, (22)

For 800°C < 7, < 1,200 C

k=273 (2b)
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Fig. 1 Thermal conductivity of mineral wool as a function

of temperature 17~%!
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Fig. 2 The thermal conductivity of linear and exponential
mineral wool assumed based on the mineral wool thermal

conductivity information provided by the manufacturer
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Table 1 Results of numerical calculation of exposed surface temperature of fire doors using spreadsheet method

Time 7?1 q. q, T 1 o By o F €m Er
Eq(5) Eq(13) Eq(16)

() [C] W] W] [C] [C] [VkgC] [Wm’K] [-] [-] [-]
0 20 - - 214 20.0 439.8 72 1.0 0.30 0.95
600 678.4 58 1,357 661.5 666.8 848.7 197 1.0 0.75 0.81
1200 781.4 87 501 767.3 764.0 1,085.2 109 1.0 0.75 0.15
1800 841.8 60 377 829.2 829.8 725.3 112 1.0 0.75 0.14
2400 884.7 37 241 879.1 877.3 666.8 112 1.0 0.75 0.12
3000 918.1 28 182 907.9 9124 650.0 112 1.0 0.75 0.11
3600 945.3 24 149 939.4 940.5 650.0 111 1.0 0.75 0.10

RESULTS OF TEMPERATURE CALCULATIONS BY SPREADSHEET

800.0

Te, Standard time-temperature curve(IMO Res. MSC 307(88))

e
To, M(Measured data)

6000 g //

400.0 Lol
% To, Cle,,= 0.8, &= 1, h, = 25 W/m?K)

Temperature [°C]
9

4 To, Cle,=0.3~0.75, &= 0.1~ 0.95, h, = 5~ 80 W/m?K)

S
e
>

0.0

0 120 240 360 480 600 720
Time[s]

Fig. 4 Numerical calculation results for the temperature of
the exposed surface of the fire door
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Table 2 Unexposed surface temperature numerical calculation results (linear function thermal conductivity & = 0,0002T + 0.0183 applied)

Time 1 ki1 Qin1 Cini | FOim 1, 1; e T5 0 7, h, 4 4,
Eq(13) | Eq(4a) Eq(22) Eq(25) | Eq(14)
[s] [C] |[[WmT]| [m%s] |PkegC]| [] [C] [C] [C] [C] [C] | [Wm'K] | [Wi'] | [Win’]
0 20.0 0.022 2.E-07 | 850.0 | 0.001 | 20.0 20.0 20.0 20.0 20.0 5.45 0.0 0.0
600 666.8 0.152 1.LE-06 | 850.0 | 0.007 | 402.2 28.8 28.7 404 209 5.45 427 -14.1
1200 | 7640 | 0.171 2.E-06 | 850.0 | 0.007 | 549.1 85.0 84.7 89.0 209 5.45 -348.9 -152.2
1800 | 829.8 0.184 2.E-06 | 850.0 | 0.008 | 631.1 139.7 139.3 150.3 209 5.45 -647.1 -366.3
2400 | 877.3 0.194 2.E-06 | 850.0 | 0.008 | 686.7 1774 176.8 188.2 20.9 545 -852.6 -572.7
3000 | 9124 | 0.201 2.E-06 | 850.0 | 0.009 | 724.6 202.7 202.1 207.3 20.9 545 -990.8 -744.2
3600 | 940.5 0.206 2.E-06 | 850.0 | 0.009 | 752.9 220.6 219.9 215.1 20.9 545 -1,0883 | -882.7
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