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ABSTRACT

This study was designed to investigate fire characteristics of the plastics insulating materials
such as a polystyrene foam, polyurethane foam, and polyethylene foam, which is used an insulat-
ing materials in workplace. The fire characteristics of plastic insulating materials were carried out
from the Cone Calorimeter test according to ISO 5660. The experimental materials used were
commercial plastic insulating materials by products and their composition is not disclosed by the
manufacturer. As the results of this study, the heat release rate of plastic insulating materials was
increased with increasing density and heat flux. The peak heat release rate and the average heat
release rate for the polyethylene foam in insulating materials were showed the highest, and the
peak heat release rate for the polyethylene foam was the highest. The standard of heat release
rate with a kind of products and heat flux of irradiance to prevent fire by plastic insulating mate-
rials was suggested.

Keywords : Plastic insulating materials, Fire characteristics, Cone Calorimeter, Heat release rate
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Table 1. Specification of experimental materials
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Classificati Symbol R Density(kg/m’) Remark
S m| emarks
asstication yibo pe KS standard | Measured
No.1 30 above 25.9
No.2 25 above 27.2
A Expanded
No.3 20 above 21.1
Polystyrene foam No4 15 above 16.2
) KS M 3808
(thickness 50 mm) No.l 30 above 30.2
No.2 25 above 26.8
B Expanded
No.3 20 above 20.5
No.4 15 above 18.4
Special - 42,0
No.1 - 30.0
C Extruded 0
No.2 - 25.0
Polystyrene foam No.3 - 22.0
(thickness 50 mm) Special - 43.0
No.1 - 314
D Extruded
No.2 - 25.7
No.3 - 24.1
Class 2, No.1 45 above 38.0
E Rigid Class 2, No.2 35 above 31.0 KS M 3809
Polyurethane foam Class 2, No.3 25 above 23.2 *Class 2 :
(thickness 50 mm) Class 2, No.1 45 above 49.2 flame
F Rigid | Class 2, No2 | 35 above 382 retardant
Class 2, No.3 25 above 294
Class 1, 20x - 46.9
Class 1, 30x - 32.1
G Chemical Class 1, 40x - 20.8
cross linking | Class 2, 20x - 70.0 KS M 3862
Class 2, 30x - 40.0 *Class 1 :
Polyethylene foam Class 2, 40x - 232 non-flame
: retardant
(thickness 10 mm) Class 1, 20x - 43.3
Class 1, 30x - 31.2 *x : foam
u Chemical | Class 1, 40x - 25.0 times
cross linking | Class 2, 20x - 46.7
Class 2, 30x - 34.6
Class 2, 40x - 28.9
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Fig. 1. Schematic apparatus of cone calorimeter.
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Fig. 2. Typical curve of heat release rate in polystyrene foam.
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Table 2. Peak heat release rate of plastic insulating

materials
Peak heat releéase
o Densi rate (kW/m®)
Classification & g/m%, P P %

kW/m? | kW/m? | kW/m?
No.l 259 294.8 | 4465 | 331.7
No.2 272 329.3 | 3484 | 3716
A No.3 211 2722 | 3272 | 398.2
No4 16.2 2262 | 3479 | 329.8
No.1 30.2 309.0 | 4533 | 460.2
B No.2 268 | 2756 | 4062 | 4132
No.3 205 267.8 | 356.6 | 540.6
No.4 184 2366 | 4068 | 4895
Special 42.0 3271 | 5143 | 3486
No.l 30.0 2723 | 3700 | 3254
¢ No.2 25.0 2413 | 3502 | 3385
No3 22.0 203.9 | 296.0 | 425.6
Special 43.0 3321 | 4852 | 5739
No.1 314 303.1 | 4695 | 6374
D No.2 25.7 2539 | 4249 | 5190
No.3 24.1 276.0 | 4239 | 486.9
Class 2, No.1| 380 2576 | 2733 | 306.3
E |Class 2, No2| 310 236.1 | 2739 | 289.7
Class 2, No.3| 232 219.8 | 2566 | 297.2
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Table 2. Continued

Table 3. Total heat release rate of plastic insulating
materials

Total heat release

Peak heat re]t;ase
I Densi rate (kW/m®)
Classification & g/m?), o = 50

kW/m? | kW/m? | kW/m?

Class 2, No.1| 49.2 2895 | 2972 | 3572

F |Class 2, No.2| 382 | 277.0 | 3106 | 3595
Class 2, No.3| 294 | 2324 | 2722 | 290.8
Class 1, 20x 469 3603 | 4474 | 8350
Class 1, 30x | 321 | 1934 | 3604 | 459.6
Class 1, 40x | 208 | 321.8 | 449.7 | 7713

G Class 2, 20x | 700 | 2109 | 2199 | 238.7
Class 2,30x | 400 | 5059 | 4231 | 841.0
Class 2, 40x | 232 | 3703 | 501.7 | 549.1
Class 1, 20x | 433 | 4069 | 504.6 |1028.9
Class 1, 30x | 312 | 254.2 | 6803 | 799.1

H Class 1,40x | 250 | 2332 | 4373 | 6756
Class 2, 20x | 46.7 | 850.7 2.9 | 1153.9
Class 2, 30x | 346 | 5280 | 492.7 | 9105
Class 2, 40x | 289 | 5038 | 6529 | 861.8
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Table 394 R vlel 7Zro] 25 kW/m?, 35 kW/m?,
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N Densi rate (MJ/m?)
Classification & g/m?)l 7 = =
kW/m? | kW/m? | kW/m?
No.l 259 | 363 | 458 | 203
No.2 27.2 421 | 367 | 275
A No3 21.1 35.6 32.1 254
No4 16.2 213 23.3 179
No.l 30.2 502 | 465 | 386
No.2 268 | 405 | 38.0 | 30.7
B No.3 205 | 339 | 32.8 | 313
No4 18.4 28.8 26.8 27.7
Special 420 | 56.7 | 513 | 368
c No.l 300 | 343 | 39.2 | 270
No.2 250 | 310 | 351 | 261
No.3 220 | 316 | 29.7 | 301
Special 43.0 56.7 575 62.5
D No.l 314 433 44.1 484
No.2 25.7 | 343 | 38.7 | 395
No.3 24.1 313 34.2 33.8

Class 2, No.1 | 380 305 | 338 | 422
E |Class 2, No2 | 31.0 237 | 278 | 343
Class 2, No.3 | 23.2 20.7 | 23.7 | 294

Class 2, No.1 | 49.2 309 | 359 | 439
F |Class 2, No.2 | 382 19.1 315 | 364
Class 2, No.3 | 294 18.6 193 | 249

Class 1, 20x 46.9 94 114 9.8
Class 1, 30x 32.1 12.6 129 | 151
Class 1, 40x 20.8 8.0 8.1 9.8

G Class 2, 20x 700 | 200 | 206 | 226
Class 2, 30x 40.0 5.8 6.3 6.9
Class 2, 40x 232 8.8 9.5 11.2
Class 1, 20x 43.3 204 199 224
Class 1, 30x 31.2 99 10.5 12.7

H Class 1, 40x 25.0 11.9 127 | 154

Class 2, 20x 46.7 183 | 202 | 231
Class 2, 30x 34.6 13.5 16.3 17.7

Class 2, 40x 28.9 9.6 10.5 12.3

ABe FHEIFL 2 Ao|g Ho
AFAE Bo| v ols daXe



FA=uEE ol83 ZTkE B4 SIEY 81

AR AfolE 25 kW FE9) GES20R 4
AR LAY A28 sted R qRoR
AT B ARDEINE AT vst o)
2 Q¥R Yest 7 U gAde
WEYFE 7R AYE HolE AOE vehdn

ol HPAMET U FAHY AHHoR AL H
B2 dxrt 55 dadHe €A 3] Ag
3 g dens FUEEHEE FUlekE Ao #
wEh

Table 30 yebd Z2logddl Zof A4, FEAF

Table 4. Average heat release rate of plastic insulating materials

e L. Density 25 kW/m? 35 kW/m? 50 kW/m?
Classification 3
(kg/m’) 180 sec 300 sec 180 sec 300 sec 180 sec 300 sec
No.1 25.9 192.2 121.1 248.2 151.3 1124 67.7
No.2 272 2102 140.7 203.2 1215 152.2 91.8
A No.3 211 178.0 1185 175.7 106.4 140.8 84.9
No.4 16.2 116.9 70.7 129.5 77.7 99.8 59.7
No.1 30.2 214.6 166.8 249.3 153.9 2109 127.9
B No.2 26.8 1915 134.6 204.8 125.3 170.1 102.7
No.3 205 178.0 111.7 1815 109.3 1735 104.5
No.4 184 157.5 95.9 148.1 89.0 148.7 90.2
Special 42.0 218.2 187.6 281.6 170.5 200.9 1224
No.1 30.0 179.8 1143 210.0 130.6 149.3 90.0
¢ No.2 25.0 163.0 103.4 194.7 116.0 1414 85.7
No.3 220 154.2 104.6 164.7 98.6 165.4 99.9
Special 43.0 260.0 211.2 290.9 191.6 3249 2084
D No.l 314 206.0 143.9 2441 147.3 267.0 1612
No.2 25.7 174.1 113.5 208.5 126.9 217.0 131.3
No.3 24.1 167.0 103.3 183.2 1114 187.1 112.6
Class 2, No.1 38.0 116.7 96.6 1544 106.8 180.0 124.5
E |Class 2, No.2 31.0 110.3 76.6 135.6 85.1 155.6 102.9
Class 2, No.3 23.2 112.9 68.6 120.2 73.5 129.9 87.0
Class 2, No.1 49.2 844 734 111.0 100.2 133.9 118.1
F |[Class 2, No.2 38.2 77.9 55.8 112.9 91.8 140.5 98.8
Class 2, No.3 294 75.7 60.3 944 63.2 105.9 75.7
Class 1, 20x 46.9 111.5 67.0 114.8 68.7 125.1 75.3
Class 1, 30x 321 322 185 35.0 20.6 38.6 23.0
Class 1, 40x 20.8 48.9 28.4 53.1 31.8 62.1 37.2
¢ Class 2, 20x 70.0 45.7 28.1 62.8 37.8 54.2 32.6
Class 2, 30x 40.0 61.5 377 71.7 429 81.5 49.3
Class 2, 40x 232 43.1 24.6 45.2 26.7 62.1 37.2
Class 1, 20x 433 101.7 60.8 112.6 67.6 128.8 76.2
Class 1, 30x 31.2 74.4 44.7 90.6 54.5 93.0 56.8
u Class 1, 40x 25.0 53.1 31.9 57.9 35.0 65.9 40.1
Class 2, 20x 46.7 110.2 66.3 109.8 66.1 1245 74.9
Class 2, 30x 34.6 64.2 385 70.3 42.2 81.6 50.0
Class 2, 40x 289 53.9 311 58.5 35.1 70.7 422
T. of Korean Institute of Fire Sci. & Eng., Vol. 17, No. 1, 2003
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3.4 BRYYEE (Average Heat Release Rate)
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Table 5. Standard and classification of heat release rate for materials in North America countries

o _ Heat flux Time to Heat Release Rate
Classification Materials (kW/m?) Ignition Peak Average Total
(sec) GW/m? | &WmD) | (MJ/m?

MO Interior materials of ship 50 20 above | 60 below | 20 below | 20 below

N [Rock wool - 20 below 5 below 3 below

C-1 [Plasterboard(with paper) - 100 below | 17 below | 10 below

Canada | C-2 [Flame retardant wood 50 - 150 below | 85 below | 50 below

C-3 | Ordinary wood - 300 below | 170 below | 100 below

C-4 | Ordinary plastic foam - 300 above | 170 above | 100 above
(l\lljlitagségn dard) Interior materials of submarine 50 150 above | 65 below | 50 below -
A [Ordinary Polyurethane foam - - 280 above -

* B |Melamine-Treated foam - - 280 below -
USA. C [CMHR-type foam 35 - - 160 below -
(NFPA) [ D |Hydrophilic-type foam ' - - 85 below -

E |Neoprene foam - - 45 below -

(*) Interior furniture.
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