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Abstract

To evaluate the fire risk of combustible materials, Chung's equations VII, VIII, and IX were newly established. The fire risk
index-IX (FRI-IX) and fire risk rating (FRR) were calculated. Ginkgo, dawn redwood, toona, lime, walnut, and poly-
methylmethacrylate (PMMA) were selected as test specimens. The combustion characteristics were evaluated using a cone
calorimeter according to ISO 5660-1. After combustion, the fire performance index-VII (FPI-VII) of the specimens, varied
between 15.15 and 182.53 s%kW, as determined by Chung's equations, and the fire growth index-VII (FGI-VII) varied be-
tween 0.0023 and 0.0165 kW/s>. The fire performance index-VIII (FPI-VIII) based on PMMA varied between 0.29 and 3.45,
and the fire growth index-VIII (FGI-VII) varied between 2.88 and 20.63. The FRI-IX, which is the fire risk rating, showed
dawn redwood has a very high fire risk, with FRI-IX values of 71.14 (fire risk rating: G). Therefore, wood with a large
amount of volatile organic compounds and a low bulk density showed a high value of FRI-IX by lowering FPI-VII and
FPI-VIII and increasing FGI-VII and FGI-VIIL

Keywords: Combustible materials, Chung’s equations-VII, Chung’s equations-VIII, Chung’s equation-1X, Fire risk rating (FRR)
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Table 1. The Moisture Content and Bulk Density of Each Specimen

. Scientific . . Moisture BUI.k
Materials name Classification ~ content den51t3y
(%) (kg/m’)
Ginkgo (GK)  Ginkgo biloba  Soft wood 9.7 432
Daw(l;)lr{e\;dvv)vood Metasequoia Soft wood 9.6 303
Toona (TN) Toona Hard wood 9.7 598
Lime (LM) Tilia amurensis Hard wood 7.0 410
Walnut (WN)  Juglans regia  Hard wood 8.9 594
PMMA - - - 1180

2.3, SZE2|0[H AIY

A% 5HAE 471518 A8 10 5660-12) 2ol 2J3te] =
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W 271 10 mm (H) FAE 7 ASE 100 mm (W) x 100 mm
(£9) (LE Zslo] AL 313t Table 200 222 2n]E] Aol
=y AABFAT.
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Table 2. Experimental Conditions for Cone Calorimeter Test Method

Contents ISO 5660-1
Sample size (mm®) 100 x 100 x 10
External radiant heat flux (kW/m®) 50

Orientation Horizontal face upwards
Test time (s) 1800
3. 21} 9 Ek
o] AFelME HFE Wl - A sAAFY 7 Y TS ol

Y 5
=357] Sfste] @ 9 7] 54 AE ARSIt & A7 flsko]
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I #AHE Q47 23A7Htime to ignition, TTI), W& E(heat re-
lease rate, HRR), €17]784J< = (smoke production rate, SPR), &t
7173450 =23ki= AlXKtime to reach smoke production rate,
TSPR) 2 SlAshekach o] MASE 58 BAlEon
1o thEt dataE Table 3] AAEFATE o] vlo]HE ARg-sto] kA
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Table 3. Combustion Characteristics of the Test Specimen under 50 kW/m® External Radiant Heat Flux

Materials “TTI (s) bHRE;ﬂﬁi;e(k(g/mz) CHRIaniF;;.I;;e(lE;;//mZ) 9SPR g pea (M7/5)
Ginkgo (GK) 13 219.87 / 30 322.28 / 235 0.0279
Dawn redwood (DRW) 5 208.51 / 20 210.85 / 205 0.0266
Toona (TN) 19 201.17 / 35 275.65 / 315 0.0147
Lime (LM) 9 244.63 / 25 328.75 / 220 0.0212
Walnut (WN) 15 232.98 / 40 264.84 / 300 0.0201
PMMA 17 1110.56 / 385 - 0.0516
Materials “TSPRy pee (5) ‘SP;?";{;Z ((rsr;z/ 9 ECOPpean (2/5) PCOPpean (&/5) COPan / COPrran
Ginkgo (GK) 30 0.0682 / 245 0.0020 0.0359 0.0557
Dawn redwood (DRW) 20 0.0448 / 210 0.0016 0.0269 0.0595
Toona (TN) 45 0.0535 / 335 0.0016 0.0455 0.0352
Lime (LM) 35 0.0527 / 230 0.0015 0.0343 0.0437
Walnut (WN) 40 0.0391 / 325 0.0024 0.0482 0.0498
PMMA 385 - 0.0007 0.1243 0.0056

*Time to ignition; blstipeak heat release rate; 2nd peak heat release rate; ‘Ist peak smoke production rate; °Time to Ist peak smoke production rate;
nd peak smoke production rate; ®mean carbon monoxide production rate; "mean carbon dioxide production rate
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Figure 1. Heat release rate curves of the test specimen under 50
KW/m’ external radiant heat flux.

z7] 9] A8 HRR y peax DI = A7 71 =
gkow FEert 7P stokth 2ev sl 2706l HoladEEel
Lddhe AR HERIFO]1 8] HRR g peacd] EEAIFO] 20 s, 2Lt
525 s, U 30 s, IS 35 s, SFUHE 40 s £O.E A
o ey duEEzE dlEAIFRo] O BGE HRR g peak $°] AR 271
of 3}Ale] dEAo] 7P 2 o Akt dUEEY Fae
A =49] digo] FHagel wet 1A 71A9] whdRke] sk
glZoltk AGgE didl BN T2 ALl ol EAL Y g
/‘J%}(IO~25%)—% W2l 3§ seEel B2 #(70~90%)S
M %"ﬂ‘?L 34 HEae 355;6 A ko
/\1—\‘/]—{5] 1%—# _‘,]tll—}gl 7]
sh gkt 1l 3 J“’, WE*P 4l 71e} 3 f7] EH%
SHH18). ol st WEEw 7434w Alol® EPFFol
] of 2 Ay F=1H-2] HRRig ek #4O] 21>

W} AR} o} Ardst HolAnE A2 e

Lot
%

,m{u n

N do m :i'é
ol o o e |

E

=8
HEg S Table 391 bR Hho} o] uhe
& st MeEE ) ae] ARt AOE ek

3.2. HVEHEE S EIt

EXH-"J iAol oJst AP A9l Al

A, Aa AslES B8 dAaksieks A, o 7N gls B
Ao s duA Stk shAjelA ‘?i E23
ol T3k R} 1ol B X A ]
o g 9 Ikg Wefigte] A4 2‘%% Folil A}a“’ A]Ok ‘HﬂJ}
olggxith 479 WS ALtid =
35 whet

Table 3% Figure 20 YERE Hke} 320] SPRig peaki=
=243 Hdlgtel R2HE S HojErk o] 7t Bt V)= }i
Uﬁ] T,\i_gﬂg g]]u]xﬂeii}\oﬂ/q uhg; _'41:11-/\—] ‘EXH >== %
T5712 T9HE SPRiy peas HFUT 0.0147 m's, TF
0.0201 m%s, ¥ 0.0212 m%s, HERAIFFO]o] 0.0266 mY/s, =3
0.0279 m’/s o2 S71sISth LU= FS5Uel B]ske] 1.94)
lr:fi Ao UrE]'/f‘:]' 7<L7~ A=Y /“HHLF‘J:O] z];etrh:ﬂ lﬁ:o}

T w -1 =2
Az HE7h ROATE 2715k AR €3 ABIEESL 3

a3 249 A 94 5 Bt 147

Smoke production rate (m¥'s)

0 100 200 300 400 500 600 700 800

Time (s)

Figure 2. Smoke production rate curves of the specimen under 50
KW/m’ external radiant heat flux.
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Figure 3. CO production rate (g/s) curves of the test specimen under
50 KW/m’ external radiant heat flux.
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Figure 4. CO; production rate (g/s) curves of the test specimen under
50 KW/m’ external radiant heat flux.
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Table 4. Fire Perfomance Index-VIII (FPI-VIII) of Wood Specimens and Plastic at 50 kW/m® External Radiant Heat Flux

Materials TTI (s) H(lljgvl/ﬁ)k SI?;‘;E;“ COPuyean / CO2Prmean f;}k\\;g FPI-VIII
Ginkgo (GK) 13 219.87 / 30 0.0279 0.0557 38.05 0.72
Dawn redwood (DRW) 5 208.51 / 20 0.0266 0.0595 15.15 0.29
Toona (TN) 19 201.17 / 35 0.0147 0.0352 182.53 345
Lime (LM) 9 244.63 / 25 0.0212 0.0437 39.71 0.75
Walnut (WN) 15 232.98 / 40 0.0201 0.0498 64.32 1.22
PMMA 17 1110.56 / 385 0.0516 0.0056 52.97 1
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Table 5. Fire Growth Index-VIII (FGI-VIII) of Wood Specimens and Plastic at 50 kW/m® External Radiant Heat Flux

Materials fg\l;]‘/r‘rll’z)k SIE};‘;/‘;*;&“ TSPE‘;‘J’”“ COPean / COPrmean ff\i,/\sl})l FGI-VIII
Ginkgo (GK) 219.87 / 30 0.0279 30 0.0557 0.0114 14.25
Dawn redwood (DRW) 208.51 / 20 0.0266 20 0.0595 0.0165 20.63
Toona (TN) 201.17 / 35 0.0147 45 0.0352 0.0023 2.88
Lime (LM) 244.63 / 25 0.0212 35 0.0437 0.0065 8.13
Walnut (WN) 232.98 / 40 0.0201 40 0.0498 0.0059 7.38
PMMA 1110.56 / 385 0.0516 385 0.0056 0.0008 1
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Table 7. Fire Risk Index-IX (FRI-IX) and Fire Risk Rating (FRR) of
Wood Specimens and Plastics at 50 kW/m® External Radiant Heat Flux

Materials FPI-VIII  FGI-VIII  FRI-IX FRR
Ginkgo (GK) 0.72 14.25 19.79 D
Dawn redwood (DRW) 0.29 20.63 71.14 G
Toona (TN) 345 2.88 0.83 A
Lime (LM) 0.75 8.13 10.84 C
alnut (WN) 1.22 7.38 6.05 B
PMMA 1 1 1 A
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