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Abstract

The fire risk prediction and fire risk rating of wood were comprehensively evaluated using Chung’s Equation-XII. The
Japanese cedar, spruce, lauan, and red pine were selected as the test specimens. The combustion test on the specimen was
performed using a cone calorimeter according to the ISO 5660-1 standard. After combustion, the fire performance index-XI
(FPI-XI) by Chung’s equations-XI ranged from 0.34 to 1.26, and the fire growth index-XI (FGI-XI) ranged from 0.78 to
2.78. The newly proposed fire risk rankings (FRR) for the calculated Fire Risk Index-XII (FRI-XII) by Chung’s equation-XII
increased in the following order: spruce (0.60): grade A = polymethylmethacrylate (PMMA) (1): grade A < red pine (1.10):
grade B < Japanese cedar (4.17): grade G = laun (8.18): grade G. In conclusion, the materials with low moisture content
and high COP eun/CO,Ppean have lower fire performance index-XI, and the materials with long accumulated smoke generation
time (ASGT) and 10w COPiean/COsPmean have lower fire growth index-XI. In other words, as the fire performance index-XI
increases and the fire growth index-XI decreases, the fire risk index-XII decreases.
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Table 1. The Moisture Content and Bulk Density of Each Specimen after Test

Moisture content Bulk Density

Materials Scientific name Classification %) (ke/m’)
Japanese Cedar Crytomeria japonica Soft wood 8.6 279.1
Spruce Picea abies Soft wood 10.7 510.9
Lauan Pentacme contorta Hard wood 8.8 542.5
Red Pine Pinus densiflora Soft wood 9.9 607.4
PMMA - - - 1180.0
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Table 2. Criteria for Fire Risk Rating for Fire Risk Index-XII

FRI-XII Fire risk rating Fire safety
less than 2 A Very high
2 to less than 4 B High
4 to less than 6 C Medium 1
6 to less than 8 D Medium 2
8 to less than 10 E Low 1
10 to less than 12 F Low 2
12 over G Very low

Table 3. New Criteria for Fire Risk Rating for Fire Risk Index-XII

FRI-XII Fire risk rating Fire safety
1 or less A Very high
More than 1 up to 1.5 B High
More than 1.5 up to 2.0 C Medium 1
More than 2.0 up to 2.5 D Medium 2
More than 2.5 up to 3.0 E Low 1
More than 3.0 up to 3.5 F Low 2
3.5 over G Very low
3. Z2n 3 &
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Table 4¢] UERA el o] Zsia|zk-e AR 4 5, 7HEH|LE
95, U 10 s, HF 9 sE YRRt dEARF 7P e 2]
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AAUE7} A5-S AQ)sha, 542.5 kgm’ 2 WA 7] WiEd 3
o= olgldct AHL AAHULET} 607 kgm’E 7P Fobx &H3HA)
Zro] 71 A Flo® odEY ot aEehA] Kakglon, ol 2
9] &2 3 wlFo =z oldfEth26].

EA8] ABpAIZE EA] AAEE, AEE, A5 8Y, A
o] A& {7 upE g W Fsle o] AlFe] vk, Al
Hell 71l = D heat flux)2] A5l g

x4 s
[28-30]. @WEEC] ALFE O W2 ALK B4 F3lof od AL
HEE S RS GuiAIth AR Al W2 diEES A
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Table 4. Combustion Characteristics of the Specimen under 50 kW/m® External Radiant Heat Flux after Test

Materials “TTI °CRT ‘HRRg; peak dHRRzmuaeak SPRist peak

(s) ) (KW/m?) at time (s) (kW/m?) at time (s) (m?/s)

Japanese cedar 4 260 219.89 / 20 150.49 / 280 0.0344

Spruce 9 305 23471 / 25 201.19 / 330 0.0231

Lauan 10 280 246.84 / 30 27745 / 310 0.0297

Red pine 9 295 245.57 / 30 248.96 / 325 0.0315

PMMA 17 368 1110.56 / 385 - 0.0516
Materials "TSPR_peak *ASGT "SPRand peak (M/5) 'COPumean 1COPinean COPnean!
(s) (s) at time (s) (g/s) (g/s) CO2Pmean
Japanese cedar 15 260 0.0210 / 275 0.0014 0.0223 0.0628
Spruce 20 315 0.0214 / 335 0.0013 0.0333 0.0390
Lauan 25 290 0.0273 / 315 0.0031 0.0315 0.0984
Red pine 25 300 0.0372 / 325 0.0015 0.0410 0.0366
PMMA 385 368 - 0.0007 0.1243 0.0056

*Time to ignition; “combution resistance time; “Istpeak heat release rate; “2ndpeak heat release rate; ‘Istpeak smoke production rate; Time to Istpeak smoke
production rate; faccumulated smoke generation time; "2nd.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 specimen under 50 kW/m’
external radiant heat flux after the test.
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Figure 2. Smoke production rate curves of the specimen under 50
KW/m® external radiant heat flux after the test.
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Figure 3. CO production rate (g/s) curves of the specimen under 50
KW/m’? external radiant heat flux after the test.
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Figure 4. CO, production rate (g/s) curves of the specimen under 50
KW/m’ external radiant heat flux after the test.
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Table 5. Fire Risk Index-XII (FRI-XII) of Specimens at 50 kW/m’ External Radiant Heat Flux

Materials FPI-X (s%/kW) FPI-XI (i(\‘;';/?) FGI-XI FRI-XII FRR for FRI-XII
Japanese Cedar 547.33 0.48 0.0018 2.00 4.17 C
Spruce 1442.42 1.26 0.0007 0.78 0.60 A
Lauan 388.14 0.34 0.0025 2.78 8.18 E
Red Pine 1042.00 0.91 0.0009 1.00 1.10 A
PMMA 1146.75 1 0.0009 1 1 A
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Table 6. Comparison of the Fire Risk Rating (FRR) and New Fire
Risk Rating (N_FRR) of the Samples at an External Radiant Heat Flux
of 50 kW/m’

Materials FRI-XII };11?1{;?{ Ne\;fkliigl for
Japanese cedar 4.17 C G
Spruce 0.60 A A
Lauan 8.18 E G
Red pine 1.10 A B
PMMA 1 A A
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