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Abstract

Flammable materials have the disadvantage of being vulnerable to fire. In this study, the fire risk of combustible materials
was predicted and evaluated using the fire risk index-IX (A), FRI-IX (A), and the newly proposed fire risk index-IX (B),
FRI-IX (B), based on Chung's equation-IX. Western red cedar, needle fir, ash, maple, paulownia, and PMMA were selected
as test specimens. As a case study, a combustion experiment was conducted at an external heat flux of 50 kW using a cone
calorimeter tester (ISO-5660-1). As a result of the evaluation, the maple (2.70) was the lowest and the red cedar (387.55)
was the highest according to FRI-IX (A). Furthermore, according to FRI-IX (B), the maple (13.26) was the lowest and the
western red cedar (448.50) was the highest. That is, for A, the ignition time and volumetric density had an important
influence. Also, for FRI-IX (B), with the exception of PMMA, it is understood that the maximum average rate of heat emis-
sion and the extinction area each had an important influence. In conclusion, the fire risk assessment method using FRI-IX
(A) and FRI-IX (B) can be applied as a useful method for comprehensively predicting and evaluating the fire safety of combustible
materials.
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Table 1. The Moisture Content and Volumetric Density of Each Piece
of Wood before the Combustion Test

Materials Classification cé\ﬁ;ijttuz; ) Volun;le{tgr/ircn;)iensity
Western red cedar Softwood 9.0 293.98
Needle fir Softwood 12.3 363.24
Ash Hardwood 9.3 576.84
Maple Hardwood 7.5 633.78
Paulownia Hardwood 7.0 221.86
PMMA - - 1180.0
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Table 2. Criteria for Fire Risk Ranking Assessment by Fire Risk

Index-IX (A)
FRI-IX Fire risk rating Fire safety
5 or less A Very high
More than 5 up to 10 B High
More than 10 up to 15 C Medium 1
More than 15 up to 20 D Medium 2
More than 20 up to 25 E Low 1
More than 25 up to 30 F Low 2
Over 30 G Very low
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Figure 1. The heat release rate by combustion test at external radiant
heat flux of kW/nr’.
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Figure 2. The average rate of heat emission by combustion test at the
external radiation heat flux of 50 KW/m’.
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Figure 3. The smoke production rate by combustion test at the external
radiant heat flux of 50 kKW/m’.
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Table 4ol A AAAFIX (A)Z ] 83 FRRS Z4E(387.55):

THES ), 25HH128.70): GeH(ES 2), AUHH(8.04): B

=49 A A8 95 4 AR 439

Table 3. Combustion Characteristics of Wood Specimens at the
External Heat flux of 50 kW/m’

. p— "HRRg pesk  “SPRist pea ‘MARHE
Materials ® (kW/mz) / X (kW/mz) /
at time (s) (m?/s) at Time (s)
Western red 326646 /20 00441 135.85 / 245
cedar
Needle fir 9 21496 /25 00191 146.10 / 290
Ash 15 27193 /30  0.0183 232.15 / 275
Maple 16 24551 /40 00172 239.37 / 295
Paulownia 4 20176 /20  0.0274 116.29 / 185
PMMA 17 111056 / 385  0.0516 662.62 / 435
Materials °TSPRq_peak (5) (Eziiy ) (é%z?::m(fgs)/
Wesct;’;alrred 15 185.59 0.0435
Needle fir 20 97.10 0.0361
Ash 35 100.68 0.0504
Maple 45 78.08 0.0406
Paulownia 10 67.48 0.0503
PMMA 385 169.58 0.0056

“Time to ignition; °1* peak heat release rate; 1% peak smoke production rate;

Ymaximum average rate of heat emission °Time to Ist peak smoke production
rate; ‘smoke extinction area

Table 4. Fire Risk Index-IX (A) of Wood Specimens and Ranking

4 FPLVIL - FGEVIL Lo poon FREIX
Materials (A) (A) (A) A) (A)
(sYkW)  (KW/s?) (Ranking)
Western 5.87 0.0341 0.11 4263 38755 (1)
red cedar
Needle fir  60.73 0.0074 115 925 8.04 (3)
Ash 59.81 0.0072 1.13 9.00 7.96 (4)
Maple 93.35 0.0038 1.76 475 2.70 (5)
Paulownia  14.39 0.0278 0.27 3475 12870 (2)
PMMA 52.98 0.0008 1.00 1.00 1.00 (6)

Table S. Fire Risk Index-IX (B) of Wood Specimens and Ranking

. FPI-VII FGLVIL oo povin PREIX
Materials (B) B) (B) (B) B)
(s - kg/lkW) (kW/s - kg) (Ranking)
Western ) 1007 73.11 0.10 4485 44850 (1)
red cedar
Needle fir  0.0176 25.61 0.65 15.71 24.17 (4)
Ash 0.0127 33.66 0.47 20.65 43.94 (3)
Maple 0.0211 16.86 0.78 10.34 13.26 (5)
Paulownia  0.0101 39.47 0.37 2421 65.43 (2)
PMMA 0.0270 1.63 1.00 1.00 1.00 (6)
(=9 3), EFEUF(7.96): Be i 4), &5 1HH2.70): AS (=
2] 5), PMMA (1.00): ASH(5=9] 6)2& UERT

TS FRIFIX (A)2] Al1AF HEHZEE(HRR y peag s Figure 22] 3
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Acronym

Time to ignition TTL s

1* peak heat release rate HRR g peaks PHRR, KW/m?
Maximum average rate of heat emission MARHE, kw/m’
1* Peak smoke production rate SPRist peaks m¥/s
Smoke extinction area SEA, mY/kg

Time to peak smoke production rate Time to SPRpcak, s
Mean carbon monoxide production rate COPrean, /s
Mean carbon dioxide production rate CO2Pmean, g/s

Fire risk index-IX (A) FRI-IX (A)

Fire risk index-IX (B) FRI-IX (B)

A GIAE(MARHE)Z  Al1AF A7 13 E(SPRyea, m7/s)S
12:3PAZ)(SEA, m¥kg) & thA|F FRILIX (B): Table 50| oF&-3t
e MR F7ME Aok A4hE(448.50): 9 1, 25 UHH(65.43): &
9 2, BFU43.94): <9 3, AURQ417): =9 4, GEUE
(13.26): &=%1 5, PMMA(1.00): =91 6.

7+, Table 49} 50 R kel o] FRILIX (A)9} FRILIX
(B)= FRI-IX (B)oll 23t Alxbde] =x]of tigt ndle th=2A7, 3}
A BN =27 i AT 5 olE SolA] AdES SA
3ol vi-¢ =11, PMMAE 7P S H71E Sl =, FRIFIX (A)
#holl diste] ZARKNTTHH AAEErF T3 &2 vt

T3 FRILIX (B) %ol tislel PMMAES A $)3F MARHE S} SEA7}
77y sk JFE v AoR olsj¥rk

wh2}A] FPI-VII (A, B)¥} FPI-VIII (A, B)o] #r43tal, X3t FGI-VII
(A, B)¥} FGI-VIII (A, B)°] 5718224 FRI-IX (A, B)7} o4&
Zow olFjftt. o3 A YEA ] wolIth= A& <Juldith
olg st Aah= A EAAFIX (A, B)7F 7FAA A w2 A 9

=X Qr sue AARCE ARk vl AT

jus

3
Gl

9S oZ3kar SA) QA
5 o e AlEste] k.
4. 4 =

2 AFA= Chung’s equation-IXoll &J3st Al B IR ~1X (A)
S} AEA AlFe SAATAHAFIX (B)E ©]83ste] 71 E49)
A S o5 2 FrlsiGitk

AlES Ak, v, SF U, ESUHE, 25 WHE, PMMA
= AFHEeE Aok AlE HE 2ZEEE AR
(IS0-5660-1)5 AH&-st3leh. B7F A3 o537 2otk

1) FRI-IX (A)ell €Jst shAl 913732 24H5(387.55): Gew(
1), 25H7H(128.70): Go (i 2), AHHH8.04): Bew(:cdl 3), &
FUUH7.96): B (8l 4), Q270 ATHES 5),
PMMA(1.00): ASH(Z=H 622 et

2) FRI-IX (B)oll 28t shAl $13/9-2 A415(448.50): =91 1, &%
UHH(65.43): 9] 2, BFEIU(43.94): 9 3, AUF24.17): <
4, FFUE(13.26): <=9 5, PMMA(1.00): <=9 6°.2 YERT]

3) &, FRI-IX (A)gkell tigto] ZSAIRHTT) I A4 EEr) St
JeS nHy, w3k FRIIX (B) #oll theled PMMAES A|9)3h
MARHES$} SEA7} 247} 503 a5 vzl Zlo= ol

4 AeHor ME 37t #Ho] thE FRILIX (A9} FRILIX (B)E

23kt Ml 37 & M 4 5, 2026

2]

o188 sl 84 B P Tty =
How oz 9 Wshs -8 PHow Ag9 5 vk
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