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ABSTRACT

Due to the complexity and large size of buildings, plastic resin is widely used as a building material. Accordingly, the
occurrence of fires caused by plastics is increasing. Due to the nature of plastic resin fires, the amount of damage to
properties and human life caused by combustion products such as smoke are large, and these damages are related to smoke
production and smoke generation. Therefore, this study reviews smoke measurement methods and laws on domestic
buildings and fire services. Experiments were conducted based on three smoke-related test standards (ISO 5660-1, ISO
12136, ASTM E 662). The experiment results indicate a total smoke production and generation by PP, PVC, and PMMA
of 43.27, 32.83, and 12.33 m?, and 27.855, 9.599, and 6.975 g, respectively.
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Figure 1. Production and consumption of plastic resins.

Table 1. Fire and Property Damage of Plastic Resins and Sandwich
Panels in 2018

Fire Property
Content events damages [(B) x 10°%/(A)] x 100%
A B

rezlifttﬂlcre 4,940 | 73,873,000,000 14.95

Total | 42,338 | 559,736,000,000 13.22
izrr:‘eilmftl:: 3,650 | 188,402,000,000 51.62

Total | 27,970 | 502,382,000,000 17.96
17.96% Rt} =%,
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Table 2. Contents of Construction Materials in Enforcement Decree
of The Building Act

Materials Contents

Means materials that do not burn easily,
Incombustible and meet the standards determined by
© Ordinance of the Ministry of Land,

Infrastructure and Transport.

Means materials, which do not burn,
Noncombustibl and meet the standards determined by
oncombustible Ordinance of the Ministry of Land,

Infrastructure and Transport.

Means materials having qualities similar
to those of noncombustible materials
Quasi-noncombustible | and meet the standards determined by
Ordinance of the Ministry of Land,

Infrastructure and Transport.
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Table 3. Conditions of Test and Contents of Specimens in Cone-
calorimeter Method

Contents PP PMMA PVC
Size 100 x 100 mn? | 100 x 100 mn? | 100 x 100 mn?
Thick 10£03mm | 10+ 03 mm | 10 £ 0.3 mm
Mass of
105 98 125
average & g g
N
umper of 3 3 3
specimens
Temperature 25 C 25 C 25 C
Relative 50.0% 50.0% 50.0%
humidity
Radiati
adiation 50 kWm? | 50 kW/m® | 50 kW/m?
heat flux
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Table 4. Conditions of Test and Contents of Specimens in Fire

Propagation Apparatus Method.

Contents PP PMMA PVC
100 x 100 m? | 100 x 100 mo? | 100 x 100 mn?
Size b 97 @ mm? 97 @ mm> 97 @ mm?
¢ | 100 x 305 mn? | 100 x 305 mn? | 100 x 305 mnt
Thick 10+ 03 mm | 10 = 0.3 mm | 10 + 0.3 mm
248 g 112.89 g 14745 ¢
Mass of
ass o 67.95 g 79.84 g 107.66 ¢
average
c 279.64 g 343.09 g 44577 g
Number of | a 5 5 5
specimens | b,c 1 1 1
Temperature 25 C 25 C 25 C
Relative 50.0% 50.0% 50.0%
humidity
Radiation | @ | 30~30 kW/m® | 30~50 kW/m® | 30~50 kW/m’
heat flux |bec| 50 kW/m? 50 kW/m? 50 kW/m?

a. Ignition test, b. Combustion test, c. Fire propagation test
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Table 5. Conditions of Test and Contents of Specimens in Smoke
Destiny Chamber Method

Contents PP PMMA PVC
Size 75 x 75 mm?® | 75 x 75 mm?® | 75 x 75 mm’
Thick 10£ 03 mm | 10 £ 03 mm | 10 £ 0.3 mm

NumPer of 3 3 3
specimens
Temperature 25 C 25 C 25 C

Relati
clative 50.0% 50.0% 50.0%

humidity

Radiati
AN o5 kwim? | 25 kWim? | 25 kW/m?

heat flux
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Table 6. Result of Cone Calorimeter Test

Contents PP PMMA PVC
TSP (m?) 43.27 12.33 32.83
Peak of SPR (m?s) 0.1522 0.0456 0.0868
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Time (min)

Figure 2. Total smoke production by plastic.
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Figure 3. Smoke production rates by plastic.
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Table 7. Result of Smoke Destiny Chamber Test

s
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Table 8. Result of Fire Propagation Apparatus Test

Contents PP PMMA PVC Contents PP PMMA PVC
Dhinax 278.00 154.53 633.00 Gs Tort (2) 9.559 6.975 27.855
D, 266.80 141.37 594.93 Ys (%) 0.141 0.262 0.862
Table 9. Result about O,, CO and CO,
700 -
—pp
ool —miiik Contents pp PMMA PVC
<00 | ——HVE Total O, consume (g) 252.40 214.63 14.90
CO yield (%) 0.0302 0.0087 0.0595
400
2 CO; yield (%) 2.44 1.84 0.44
sl 0, in quartz tube (%) 5.95 5.46 11.69
200
100 + Table 10. Result of Visibility
0 5. 10 15 20 25 30 35 40 45 Contents PP PMMA PVC
Time (min) Optical diffusion (m) 1.1320 2.0365 0.4912
Figure 4. Specific optical smoke density by plastic. Optical reflection (m) 0.4245 0.7637 0.1864
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m?/s, PVC 0.0868 m%/s, PMMA 0.0456 m%s <=°]3{t}.
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