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ABSTRACT

In this study, a new function with higher accuracy for fire heat release rate prediction was developed. The ‘at?’ curve,
which is the major exponential function currently used for fire engineering calculations, must be improved to minimize the
prediction gap that causes fire system engineering inefficiency and lower cost-effectiveness. The newly developed prediction
function was designed to cover the initial fire stage that features rapid growth based on logistic function theory, which has
a more logical background and graphical similarity compared to conventional exponential function methods for ‘at*’. The
new function developed in this study showed apparently higher prediction accuracy over wider range of fire growth
durations. With the progress of fire growth pattern studies, the results presented herein will contribute towards more
effective fire protection engineering.

Keywords : Heat release rate (HRR), Logistic function curve, Inversed logistic function curve, FDS simulation, Fire
protection system detection sensor
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Figure 1. Real fire Heat release rate measurement result graph : wood pallet (left), vehicle (middle) & office compartment fire (right).
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Table 1. Comparison of HRR Goodness-of-fit by Logistic and Exponential Functions :
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Table 2. Comparison of HRR Goodness-of-fit by Logistic and Exponential Functions :
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Vehicle Fire, HRR Unit : kW
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Table 3. Comparison of HRR Goodness-of-fit by Logistic and Exponential Functions : Office Compartment Fire

Office Compartment Fire, HRR Unit : kW

350 < ¢ <500, v=1, L= 515
” _ 2 __ 2
J () = 476.505 % (Ln—22) + 67,698 y'() =af” = 0.005xt
515 — ¢

t (sec) y (t) : Measure y () y(t) —y () ly (&) —y ()] y' () y@) =y @) | ly@) —y @)
350.0 214.700 214.700 0.000 0.000 612.500 -397.800 397.800
360.0 351.400 351.994 35.406 35.406 648.000 -296.600 296.600
370.0 420.900 409.599 11.301 11.301 684.500 -263.600 263.600
380.0 449.300 498.071 -48.771 48.771 722.000 -272.700 272.700
390.0 471.200 583.307 -112.107 112.107 760.500 -289.300 289.300
400.0 492.800 666.847 -174.047 174.047 800.000 -307.200 307.200
410.0 528.800 750.055 -221.255 221.255 840.500 -311.700 311.700
420.0 581.900 834.264 -252.364 252.364 882.000 -300.100 300.100
430.0 705.200 920.909 -215.709 215.709 924.500 -219.300 219.300
440.0 954.300 1011.678 -57.378 57.378 968.000 -13.700 13.700
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Sum 14139.800 14924.766 - 1384.397 14620.000 - 4863.800

Average 883.738 - -
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Figure 3. Heat release rate curve error analysis :
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Office Compartment Fire 90.209% 65.602%
accuracy (error) (9.791%) (34.398%)
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Figure 5. Comparison of Heat release rate curve classification
system : Logistic function curve (top), Inversed Logistic
function curve (middle) & Exponential function curve

(bottom).
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