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Prediction of Fire Curves Considering the Relationship between Mass Increase
and Combustion Time of Combustibles

Eun-Joon Nam', Tae-Il Lee’, Goang-Seup Zi**

Abstract: In this paper, we aimed to convert the fire curve in volume units to a fire curve per unit area for application in the Fire Dynamic Simulator
(FDS) surface heat release rate method. The fire curve was expressed dimensionlessly considering the total combustion characteristic time, and
improvements were made to represent the appropriate ratios for the growth , steady, and decay phases concerning the fire intensity. Additionally, a
correction function for combustion characteristic time varying with mass increase was derived. Also to control the growth time values according to
the increase in mass, a function to correct the growth phase ratio was derived. Consequently, utilizing existing data, a formula was established to
determine the reference mass for combustion materials and predict the fire curve based on mass increase.
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Table 1 Combustion section and dimensionless combustion section

Dimensionless

Mass Combustion section . K
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Material N ; ; ;
m ch i s d
(kg) (sec) (sec) (sec) (sec) g g b
744 1,519 1,079 379 61 0.710 0.249 0.040
Example 1,488 1,548 807 552 189 0.521 0.356 0.122
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2,976 1,691 488 636
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567 0.288 0.376 0.335
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Table 2 Example of combustion section and dimensionless combustion
section according to increase in mass

Dimensionless

Mass . .
combustion section
Type Note
m Atrh t7 te td
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Table 3 Example of maximum fire intensity and total heat release
according to mass ratio(Shim et al., 2016)

Stack  Maximum Total heat
Mass

height fire intensity = release

Type . Note
(kg) (MW) M)

0.5 744 1 14.5 8.7257  Except
Mass | 488 2 23.1 22,396.1

ratio

(m/my) 1.5 2,232 3 383 35,7343
2 2976 4 479 48,451.2
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Table 4 Dimensionless parameter

Standard properties Dimensionless parameter

Type m, Q Atch o o /8 X k /8
a 10 S

(@

(kg) (M) (sec)

Clothing 1,488 22,396.1 1,548 0.0924 0.521 0.591 0.358
Rubber 38,400 17,971.3 1,667 0.2663 0.644 0.16 0.103
Wood 25,600 39,257.2 1,190 0.5960 0.250 1.061 0.427
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Fig. 7 Fitting results of fire curves data for clothing from the korea
expressway corporation(Shim et al., 2016)
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Table 5 Correction function maximum fire intensity and comparison
target maximum fire intensity

Correction function Comparison target

Mass . . Error

% ratio mai";gg‘s‘?tyﬁre mai"nlt‘:;;?tyﬁre rate
Onlm)—aw (MW) o
a1 253 23.1 9.4
2 15 362 383 5.4
® 463 479 34
o 26.8 30.9 [132
% 1.5 355 35.7 0.6
b 2 424 40.5 4.6
1 534 56.8 6.1

§ 1.5 61.7 59.9 2.9
= 66.9 74.6 1103
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