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Abstract The heat release rate (HRR) and fire growth rate of fire for the solid combustibles consisting
of multi-materials was measured through the ISO 9705 room corner test, and the computational analysis
in a closed compartment was performed to simulate a fire using the heat release rate prediction model
provided by a Fire Dynamics Simulator (FDS). The method of predicting the heat release rate provided
by the FDS was divided into a simple model and a pyrolysis model. Each model was applied and
computational analysis was performed under the same conditions. As the solid combustible consisting
of multi-materials, a cinema chair composed mostly of PU foam, PP, and steel was selected. The simple
model was over-predicted compared to the predicted heat release rate and fire growth rate using the

pyrolysis model in a closed compartment.

Keywords : Fire Safety, Fire Protection, Disaster Prevention, Fire Suppression, Fire Science

2 AT FHFTFATY (FAHS:171111560)9] A€ 20209 s FRAEAASAAER) 9] Yoz a7 &5 A ¢ got
F3e °ﬂ¥°1(P0002092, 2020 AFA AT A AAL)

*Corresponding Author : Seul-Hyun Park(Chosun Univ.)

email: isaac@chosun.ac.kr

Received September 21, 2020 Revised October 21, 2020

Accepted November 6, 2020 Published November 30, 2020

349



SHEARSH | &8H8]| =2 2] A218 Al11E, 2020

=2

—

1. M

A EHo g QIF =AY WET QI UYL F
7F2 lsf sk HA o] AEAZ AR kel vk &
o], QI IHET} EoAHEA SR IS QI E A4t
W= gEo] Z71s1al Utk Fig. 12 A 1567 =
Woll A EAgeE sk A 7ot Q1824 HoiE AT
3ket otk ORolA B 4= = Hi Zo] FH2
87t Wt 42,935719] SFA7F WASEG oW, o]= QIjh
AEels AFY 3049, F4 18359, AAHsi=
397,014 Weto = AT o= 1 od 159 ¥
wA]of vlsf S LA A= oF 1.28], Q™53 A4t
o= 2.24 F715k =2]olot. o]F% SR Qlsf AH
o= WAgsts 14-=4 ol =7t 71Tk Al
o i, 245 A= @ AR &4 7Y AALSY #
A, AEH B SHE B9 =7t AALE Al &
FFE vE 4= tHlI .

A5 3 918/d0] =2 15EC] st
3 AUEIeE AAst AQ3WAITE (Required
safe egress time, RSET)°] &]-&1tA[Zt (Available
safe egress time, ASET)ol| 23}5}A] L= A ol=
o s o BAAE dSst] Aol 3k Al EAgst
= ¥9EE (Heat Release Rate, HRR)S 9H& €Q
2 3H2] . Foid B AU RoflA GHEES] A5
u|2EE7|4ATA(National Institute of Standards
and Technology, NIST)°|A 7f&¥  FDS(Fire
Dynamics Simulator)& &3l o]Fo{A| 1L UcH3-4] .

Average 15 years Recent 8 years

(1995 ~2009) 7 Number of (2010 ~2018)
350840 fives 42935
Deaths’ 5 271' Damage of | 2139
Sldool 77 humanlife | T
519 | | 504 o
Injuries Deaths ! Injuries
1,851 Person | I 1,835 Person
1.851 Injuries 1.835
175382 | Property | 397.014
damage

300,000 200,000 100,000 0 0 100,000 200,000 300,000

(One million won)

Fig. 1. Civilian deaths, injuries, and property damages
caused by fires[1].
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Fig. 2. Comparisons for FDS for heat release
predictions models
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Fig. 3. ISO 9705 Room corner tester[10]
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Fig. 4. 1SO 9705 Room corner test of cinema

chair[10] (a) Schematic of cinema chair
used in this study (b) Combustion
experiment of cinema chair
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Boundary Condition
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Table 1. Thermal and pyrolysis properties of PU
foam & PP used in this study[13]

Material Thermal Properties :

é Ventilation Flow 24 L/s : PU foam PP Stecl
E Polyurethane foam | Polyurethane foam Thermal
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i PR ; (W/m-C)
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! ! o 1.47 1.92 0.46
E Steel l Steel (kj/l\g C)
'Heptane ! [Heptane
P A " A Density, p (kg/m’) 17 950 7,850
o ﬁl Ty Material Decomposition Properties :
PU foam PP
Heat of
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Table 2. Sequential images of burning cinema chairs obtained from each of the FDS model analysis
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Fig. 6. Measured and calculated HRR of open
compartment plotted as a function time and
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Fig. 9. Calculated fire growth curves based on HRR

results from each model
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