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Abstract
This study investigated the smoke risk assessment of woods and plastics for construction materials, focusing on the smoke
performance index-V (SPI-V), smoke growth index-V (SGI-V), and smoke risk index-VI (SRI-VI) according to a newly de-
signed methodology. Spruce, Lauan, polymethylmethacrylate (PMMA), and polycarbonate (PC) were used for test pieces.
Smoke characteristics of the materials were measured using a cone calorimeter (ISO 5660-1) equipment. The smoke perform-
ance index-V calculated after the combustion reaction was found to be 1.0 to 3.4 based on PMMA. Smoke risk by smoke
performance index-V was increased in the order of PC, Spruce, Lauan and PMMA. Lauan and PMMA showed similar values.
The smoke growth index-V was found to be 1.0 to 9.2 based on PMMA. Smoke risk by smoke growth index-V increased
in the order of PMMA, PC, Spruce, and Lauan. COpe production rates of all specimens were measured between 0.0021
to 0.0067 g/s. In conclusion, materials with a low smoke performance index-V and a high smoke growth index-V cause a
high smoke risk from fire. Therefore, it is understood that the smoke risk from fire is high. It is collectively summarized

by the smoke risk index-VI.
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Table 1. Bulk Density and Moisture Content of Each Wood[18]

Materials Moisture content (%) Bulk density (kg/m’)
Spruce 10.7 510.9
Lauan 8.8 542.5
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Table 2. The Physical Characteristics of Each Plastics

Materials ~ Glass transition temp. (Tg) (C) Density range (kg/m®)

PMMA 114 1180
PC 150 1200~1220

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

ol e A998 8 94719134

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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Table 4. Combustion Properties of Wood Specimens at 50 kW/m®* External Heat Flux

Materials *TTI (s) "HRR g peak (KW/m?) / at time (s) “HRRyng pea (KW/m?) / at time (s) 4SPR g pear (m?/s)
Spruce 9 23471 / 25 201.19 / 330 0.0231
Lauan 10 246.84 / 30 27745 / 310 0.0297
Materials *TSPR s peak (S) 'SPRand peak (m?/s) / at time (s) “COpeax (g/s) / at time (s) "COnpearc (g/5) / at time (s)
Spruce 20 0.0214 / 335 0.0021 / 665 0.1556 / 315
Lauan 25 0.0273 / 315 0.0048 / 910 0.2207 / 300

* Time to ignition, b

Ist_peak heat release rate, © 2nd_peak heat release rate, 4 st - peak smoke production rate, © Time to 1st_peak smoke production rate, " 2nd | peak smoke

production rate, ¢ peak carbon monoxide production rate (g/s), h peak carbon dioxide production rate (g/s).

Heat release rate (kW/m?)

1000 1200 1400

Time (=)

Figure 3. Heat release rate curves of plastic specimens at 50 kW/m’
external heat flux.
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Figure 4. Smoke production rate curves of wood specimens at 50
KW/m’ external heat flux.
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Table 5. Combustion Properties of Plastic Specimens at 50 kW/m’
External Heat Flux
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Table 6. Smoke Performance Index-V (SPI-V) of Wood Specimens
and Plastics at 50 kW/m’ External Heat Flux

b 2
. a HRR st peakc (KW/m') /¢ 2 . SPRist peak SPI
Materials TTI (s) at time (s) SPRist peak (M7/S) Materials TTI (s) (mz /s) (52 /mz) SPI-V
PMMA 17 1110.56 / 385 0.0516 Spruce 9 0.0231 390 1.2
PC 135 289.13 / 190 0.1189 Lauan 10 0.0297 337 1.0
e, f,
Materials dTSPRls‘Jeak ) C?p:.?k (g/s) / COtzp;ak (g/s) / PMMA 17 0.0516 329 1.0
at time (s) at time (s) PC 135 0.1189 1135 34
PMMA 385 0.0046 / 430 0.8484 / 385
PC 285 0.0067 / 200 0.2101 / 230 TTI (s)
* Time to ignition, b st - peak heat release rate, © Ist_peak smoke production rate, SPR . (m2 /S)
4 Time to Ist_peak smoke production rate, ¢ peak carbon monoxide production rate SPI-V = pes @)
f L . TTI (s)
(g/s), peak carbon dioxide production rate (g/s). —
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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 7. Smoke Growth Index-V (SGI-V) of Wood Specimens and
Plastics at 50 kW/m’ External Heat Flux

Materials S}zfrillf/‘;‘;eak TSPI({SI)SL‘J“I‘ (rizG/slz) SGI-V
Spruce 0.0231 20 0.00116 8.9
Lauan 0.0297 25 0.00119 9.2
PMMA 0.0516 385 0.00013 1.0

PC 0.1189 285 0.00042 32

Table 8. Smoke Risk Index-VI (SRI-VI) of Wood Specimens and
Plastics at 50 kW/m’ External Heat Flux

Materials SPI-V SGI-V SRI-VI
Spruce 12 8.9 7.4
Lauan 1.0 9.2 9.2
PMMA 1.0 1.0 1.0
PC 35 3.2 0.9
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Figure 6. CO production rate (g/s) curves of wood specimens at 50
KW/m® external heat flux.
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Figure 7. CO production rate (g/s) curves of plastic specimens at 50
KW/m’ external heat flux.
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Figure 9. CO, production rate (g/s) curves of plastic specimens at 50
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