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Abstract

In order to evaluate the fire risk and fire risk rating of wood for construction materials, this study focused on fire performance
index-III (FPI-III), fire growth index-III (FGI-III), and fire risk index-IV (FRI-IV) according to Chung's equations-III and -IV.
Western red cedar, needle fir, ash, and maple were used as the specimens. The fire characteristics were investigated using
a cone calorimeter (ISO 5660-1) equipment on the specimen. The FPI-III measured after the combustion reaction was 0.86
to 12.77 based on polymethylmethacrylate (PMMA). The FGI-III was found to be 0.63 to 5.26 based on PMMA. The fire
rating according to the FRI-IV, which is the fire rating index, was 0.05 to 6.12, and the western red cedar was 122.4 times
higher than that of the maple. The fire risk rating according to the FRI-IV increased in the order of maple, ash, needle fir,
PMMA and western red cedar. The CO peak concentration of all specimens was measured as 103 to 162 ppm, and it was
2.1 to 3.2 times higher than 50 ppm, the permissible exposure limits of the US occupational safety and health administration.
Materials such as western red cedar, which have a low bulk density and contain a large amount of volatile organic substances,
have a low FPI-III and a high FGI-III, so they have a high fire risk rating.
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Table 1. The Moisture Content and Bulk Density of Each Wood

Table 3. Combustion Properties of Wood Specimens at 50 kW/m®
External Heat Flux

Materials Classification ngstm(r; ) Bu}tg;i;g: ity
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

b c
HRRI st_peak HRRanipeak

Table 2. 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
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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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red cedar
Needle fir 9 21496 / 25  214.23 / 250 0.0191
Ash 15 27193 / 30  410.02 / 240 0.0183
Maple 16 24551 / 40 44397 / 270 0.0172
PMMA 17 1110.56 / 385 - 0.0516
i h
e SPRan | peak g, C0272nd |_peak
Materials TSPE;S‘J”“ (m?/s)/ Cgp:?:népl(o;;l)/ (ppm)/
at time (s) at time (s)
Western
15 0.0189 / 195 141 / 461 3778 / 271
red cedar
Needle fir 20 0.0211 / 225 103 / 595 5357 / 295
Ash 35 0.0318 / 255 162 / 1100 11358 / 255
Maple 45 0.0282 / 270 132 / 1130 12753 / 280
PMMA 385 - - -

* Time to ignition, b st  peak heat release rate, © 2nd peak heat release rate, 4 st - peak
smoke production rate, ¢ Time to Ist peak smoke production rate, 2nd | peak smoke
production rate, & peak carbon monoxide concentration (ppm), h peak carbon dioxide
concentration (ppm).
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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. Smoke production rate curves of wood specimens at 50
KW/m® external heat flux.
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Table 4. Fire Indices-II, IIl and Fire Risk Index-IV of Wood Specimens at 50 kW/m’ External Heat Flux

Materials FPL-II (s%kW) FGL-II (kW/s?) FPI-III FGI-III FRI-IV
Western red cedar 0.26 0.78 0.86 5.26 6.12
Needle fir 2.19 0.21 7.39 1.38 0.19
Ash 3.01 0.14 10.16 0.96 0.09
Maple 3.79 0.09 12.77 0.63 0.05
PMMA 0.30 0.15 1.00 1.00 1.00
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