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Abstract

Chung’s equations-IX and Chung’s equation-XII were utilized to predict the fire risk and evaluate fire risk ratings for four
types of wood: camphor, cherry, rubber, and elm trees. The combustion tests were conducted using a cone calorimeter test
method by ISO 5660-1 standards. The fire risk and fire risk rating (FRR) were compared for Fire Risk Index-IX (FRI-IX)
and Fire Risk Index-XII (FRI-XII). The results yielded Fire Performance Index-XI (FPI-XI) ranging from 0.08 to 11.48 and
Fire Growth Index-XI (FGI-XI) ranging from 0.67 to 111.89. The Fire Risk Index-XII (FRI-XII), indicating fire risk rating,
exhibited an increasing order of cherry (0.45): Grade A (Ranking 5) < PMMA (1): Grade A (Ranking 4) < elm (1.23): Grade
A (Ranking 3) < rubber (1.56): Grade A (Ranking 2) << camphor (148.23): Grade G (Ranking 1). Additionally, the fire
risk index-IX (FRI-IX) was cherry (0): Grade A (Ranking 3) = rubber (0): Grade A (Ranking 3) = elm tree (0): Grade
A (Ranking 3) < PMMA (1): Grade A (Ranking 2) << camphor tree (66.67): Grade G (Ranking 1). In general, camphor
was found to have the highest fire risk. In conclusion, although the expression of the index is different as shown based on

the standards of FRI-IX and FRI-XII, predictions based on fire risk assessment of combustible materials showed similar
trends.
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Table 1. Moisture Content and Bulk Density of Each Specimen and PMMA[18]

Materials Scientific name Classification Moistuz; )C ontent Buil;g;i;r;)sity
Camphor (CT) Cinnamomum camphora Hard wood 9.5 528
Cherry (CR) Prunus avium Hard wood 8.8 483
Rubber (RT) Hevea brasiliensis Hard wood 8.5 540

Elm (EL) Ulmus davidiana var. japonica Hard wood 8.7 445

PMMA - - - 1180
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Table 2. Criteria for Fire Risk Rating of Calculated Fire Risk
Index-IX[17]

FRI-IX Fire risk rating Fire safety

S 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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FRI-XII Fire Risk Rating Fire Safety
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12 or more G Very low
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Table 4. Combustion Characteristics of Test Specimens at an External Radiant Heat Flux of 50 KW/m’[18]

Materials *TTI (s) °CRT (s) (kw/;ljzguzim%c:;e ) (kw/zlzl){iindﬁﬁe ) cs}zﬁ;jgcak
Camphor (CT) 13 235 258.98 / 30 372.22 / 265 0.0304
Cherry (CR) 13 235 209.82 / 30 271.12 / 255 0.0165
Rubber (RT) 14 245 225.60 / 30 310.40 / 280 0.0238
Elm (EL) 12 200 210.66 / 30 362.46 / 230 0.0246
PMMA 17 368 1110.56 / 385 - 0.0516
Materials "TSPR g pe(5) EASGT (s) “SP?% et ((:)12/5) ‘COPmean (2/5)  1CO2Puncan (g/5) kggf;;i:“/
Camphor (CT) 45 245 0.0775 / 290 0.0015 0.0449 0.3341
Cherry (CR) 30 250 0.0490 / 280 0.0016 0.0400 0.0400
Rubber (RT) 85 205 0.0611 / 300 0.0020 0.0429 0.0466
Elm (EL) 40 200 0.0682 / 240 0.0014 0.0375 0.0373
PMMA 385 368 - 0.0007 0.1243 0.0056

*Time to ignition; combution resistance time; “Ist_peak heat release rate; “2nd_peak heat release rate; “Ist peak smoke production rate; Time to Ist_peak smoke
production rate; faccumulated smoke generation time; "2nd peak smoke production rate; ‘mean carbon monoxide production rate; ‘mean carbon dioxide production rate;
“ratio of average carbon monoxide production rate to average carbon dioxide production rate
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Figure 2. Smoke production rate of the specimen at an external heat
flux of 50 kW/m’[18].
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Figure 3. CO production rate (g/s) of the specimen under an external

radiant heat flux of 50 kW/m’[18].
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Figure 4. CO, production rate (g/s) of the specimen under an external
radiant heat flux of 50 kW/mz[IS].
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Table S. Results of Fire Performance Index-XI (FPI-XI) and Fire growth Index-XI (FGI-XI) of Selected Wood and Plastic Specimens

Materials FPI-X (s/kW) FPI-XI FPI-VIII FGI-X(kW/s?) FGI-XI FGI-VIIT
Camphor (CT) 48934 0.08 0.09 0.0107 11.89 6.00
Cherry (CR) 1696.98 148 1.77 0.0006 0.67 0
Rubber (RT) 979.18 0.85 1.06 0.0012 133 0

Elm (EL) 1034.68 0.90 0.98 0.0010 111 0

PMMA 1146.75 1 1 0.0009 1 1

Table 561 A8A ] A SAF-X (FPI-X)S A 8Fleh FPI-X
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Table 6. Calculated Fire Risk Index-XII (FRI-XII) and Fire Risk
Rating (FRR) Results for Wood and Plastic Specimens

Materials FPI-XI  FGI-XI  FRIXII  FRR
Camphor (CT) 0.08 11.89 148.63 G
Cherry (CR) 1.48 0.67 0.45 A
Rubber (RT) 0.85 1.33 1.56 A

Elm (EL) 0.90 111 1.23 A

PMMA 1 1 1 A
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Table 7. Comparison of Fire Risk Ratings for The Respective Results of FRI-IX and FRI-XII

Materials FRI-IX Ranking FRR by FRI-IX FRI-XII FRR by FRI-XII Ranking
Camphor (CT) 66.67 1 G 148.63 G 1
Cherry (CR) 0 3 A 0.45 A 5
Rubber (RT) 0 3 A 1.56 A 2
Elm (EL) 0 3 A 1.23 A 3
PMMA (reference) 1 2 A 1 A 4
4. 4 = 2. V. Babrauskas, Effective measurement techniques for heat, smoke
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