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Abstract
This study investigated the fire risk assessment of woods and plastics for construction materials, focusing on the fire perform-
ance index-1II (FPI-III), fire growth index-III (FGI-III), and fire risk index-IV (FRI-IV) by a newly designed method.
Japanese cedar, red pine, polymethylmethacrylate (PMMA), and polyvinyl chloride (PVC) were used as test pieces. Fire char-
acteristics of the materials were investigated using a cone calorimeter (ISO 5660-1) equipment. The fire performance index-1I1
measured after the combustion reaction was found to be 1.0 to 15.0 with respect to PMMA. Fire risk by fire performance
index-III increased in the order of PVC, red pine, Japanese cedar, and PMMA. The fire growth index-III was found to be
0.5 to 3.3 based on PMMA. Fire risk by fire growth index-III increased in the order of PVC, PMMA, red pine, and Japanese
cedar. COpeq concentrations of all specimens were measured between 106 and 570 ppm. In conclusion, it is understood that
Japanese cedar with a low bulk density and PMMA containing a large amount of volatile organic substances have a low
fire performance index-III and high fire growth index-1II, and thus have high fire risk due to fire. This was consistent with

the fire risk index-IV.

Keywords: Wood, Plastic, Fire performance index-IIl (FPI-11l), Fire growth index-III (FGI-1Il), Fire risk index-IV (FRI-IV)
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Table 1. Bulk Density and Moisture Content of Each Wood[16]

Materials Moisture content (%)  Bulk density (kg/m’)
Japanese cedar 8.6 279.1
Red pine 9.9 607.4

Table 2. The Physical Characteristics of Each Plastics

Materials ~ Glass transition temp. (Tg) (C)  Density range (kg/m’)
PMMA 114 1180
PVC 80~85 1380~1510
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Table 3. Experimental Conditions for Cone Calorimeter Test

Contents ISO 5660-1

Sample size (mm®) 100 x 100 x 10
External heat flux (kW/m?) 50
Orientation Horizontal face upwards

Test time (s) 1800

13
1. Pressure ports, 2. Orifice plate, 3. Thermocouple, 4. Hood, 5. Blower,
6. Heater, 7. Gas sampling ring probe, 8. Spark plug, 9. Optional screens,
10. Blower motor, 11. Retainer frame and specimen,

12. Specimen holder (located on stack centreline), 13. Weighing device

Figure 1. Schematic diagram of cone calorimeter{11].
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Figure 2. Heat release rate curves of wood specimens at 50 kW/m’
external heat flux.
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Figure 3. Heat release rate curves of plastic specimens at 50 kW/m’
external heat flux.
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Table 4. Combustion Properties of Wood Specimens at 50 KW/m’
External Heat Flux

"HRRg pesk “HRRowd pesk  agpp
Materials TTI (s) (kW/m?)/ (kW/m?)/ JSipeak
. . (m/s)
at time (s)  at time (s)
Japanese cedar 4 219.89 / 20 150.49 / 280 0.0344
Red pine 9 245.57 / 30 248.96 / 325 0.0315
fSPRz d k COZ 2nd k
er nd_peal ' 2nd_peal
Materials TSP(ISS‘*"E‘* (m?/s)/ Cg"etaikmglzr;)ﬂ/ (ppm)/
at time (s) at time (s)
Japanese cedar 15 0.0210 / 275 160 / 438 3637 / 262
Red pine 25 0.0372 / 325 106 / 333 6349 / 326

 Time to ignition, b st - peak heat release rate, © 2nd_peak heat release rate, Ist_

peak smoke production rate, © Time to Ist_peak smoke production rate, " ond | peak
smoke production rate.

Table 5. Combustion Properties of Plastic Specimens at 50 KW/m’
External Heat Flux

Materials “TTI (s) bHRR;:[{;:;e(lzg/mz)/ cs}zﬁ;;‘sj))eak
PMMA 17 1110.56 / 385 0.0516
PVC 85 175.09 / 390 0.1081
Marids TSP Gl OO O
PMMA 385 280 / 437 34938 / 405
PVC 230 570 / 401 3003 / 397

b st - peak heat release rate, © Ist peak smoke production rate,
e

* Time to ignition,
4 Time to Ist - peak smoke production rate, - peak carbon monoxide concentration

(ppm), f peak carbon dioxide concentration (ppm).
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Figure 4. Smoke production rate curves of wood specimens at 50
KW/m’ external heat flux.
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Figure 5. Smoke production rate curves of plastic specimens at 50
KW/m’ external heat flux.
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Table 6. Fire Performance Index-III (FPI-III) of Wood Specimens and Plastics at 50 kW/m® External Heat Flux

Materials TTI (s) HRR 5t peak (KW/m?) SPRs peak (m7/s) FPL-IT (sY/kW) FPI-III
Japanese ceda 4 219.89 0.0344 0.53 1.8
Red pine 9 245.57 0.0315 1.16 39
PMMA 17 1110.56 0.0516 0.30 1.0
PVC 85 175.09 0.1081 4.49 15.0
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TSPRyg peakc #40] ARAE]O] Aol mislo] 22 gro 2 velyit
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Table 7. Fire growth index-Ill (FGI-III) of Wood Specimens and Plastics at 50 kW/m®> External Heat Flux

Materials HRR 5 pea (KW/m’) SPRst peak (M7/S) TSPRit peak (5) FGI-II (kW/s%) FGI-III
Japanese cedar 219.89 0.0344 15 0.50 33
Red pine 245.57 0.0315 25 0.31 2.1
PMMA 1110.56 0.0516 385 0.15 1.0
PVC 175.09 0.108 230 0.08 0.5
Table 8. Fire risk index-IV (FRI-IV) of Wood Specimens and Plastics 180 Tapaness codar
at 50 kW/m’ External Heat Flux 160 - = —Redpine
'E‘ 140 1
Materials FPI-IIT FGI-III FRI-IV %‘ 120
=
Japanese cedar 1.8 33 1.83 A
g 80
Red pine 3.9 2.1 0.54 g o
£
PMMA 1.0 1.0 1.00 § w N‘m.,,,v
oy
PVC 15.0 0.5 0.03 2 »
0

SRS A (DT B2 dRIAL "ok ol AT ES 3
7¥ehs gAlEE A dAsth

FGI—III
FPI—1II

FGI-1I SGI

Fire risk oc = % ST @)

or

wheb] Al SHAISIAGAGIV (FRIIV) 2 (8)& areksto] 24
3laz}; 3tk &, FRIIVAE FGLIIE FPI-IIC 2 vHr 3t s Hojd
th o= Al vt ST S AP o] Thaeks A At
[28]. WA FRIIV #ko] 575 3HA19184d0] AX L HH|Z FRI-IV
#lo] ZolASE sA1E o] Ahdshs A o=A AT U 3
XH‘:’lo Zsbeoi oﬂz%L % 7/&0; _L}Q-Q]:]_

FRI-IVE T8 4 (8)2 v #tt
FGI— 111
FRIV = o= ®)

Table 8¢l LFEFH e} ko] FRI-IVE] 28 skl 98 AL A7)
7P =8 707 et PMMAS 7|FEA R 8 s a4
31 FRI-IVE PVC (0.03) < 21%(0.54) < PMMA (1.0) < A1H5(1.83)
o] &A% F7kelltE 53] PVCE FRIIVZF 7P whe 2 0 2 e}
ow FPLI, FGLIIAM% sHAl$I/de] 71 vl Yehd 29}
AX|3H3IT}. FRI-IVl 215k 39134 87F A3t pvert 718 b
& 2A9S & 5 QUSiTh

3.4. YAMSIEI O|ASIEM
concentration)
WABEL(COYE BAS) FehAe S FFI 1A%} 39 Alo]
oA HEEE MY ER S Bk BBl I 49
FRAEEE FYoke shte] il dUESET Fokde A
T CO7EA Ao S7BE A o® AW 71s3Ith Table 4, Figure
6 2 Table 5, Figure 79 YEPd TE AEHL] COperc E=E 106~
570 ppm & =45 om Majdtel vt A3} A5 AR,
A 9 lfihe) o) et HBARL ke wlaep] cfelfe

o RS fakek 210 vebth29,30]. ©] S A

&SZ(carbon monoxide, carbon dioxide

25t M 32 A M 1 F, 2021
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Figure 6. CO concentration (ppm) curves of wood specimens at 50
KW/m’ external heat flux.
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Figure 7. CO concentration (ppm) curves of plastic specimens at 50
KW/m’ external heat flux.
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PMMAS] A= 34938 ppmO.ZEA] OSHAS] 3]-87|55(PEL)S![30]
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T AFste] Al A3 EE WA 227 & ZoR 59
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1o, r

4. 4

rhu

B Aol E FARA RS 2S5 Bl ZEAY 0 2= PMMA
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S| S~IT (FGI-IN) 9} Chung’s equation-IVR! SHAISI X~V
(FRI-IV)E A= 3.tste] stA1Ed 2 SA99384 5+ B71el 2
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Figure 8. CO;, concentration (ppm) curves of wood specimens at 50
KW/m’ external heat flux.
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Figure 9. CO; concentration (ppm) curves of plastic specimens at 50
KW/m’ external heat flux.
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