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Fire Combustion Characteristics of Membrane Materials According to the Height

and Heat Generation Rate

Seung-Ho Cho', Kwang-Ho Choi’, Young-Sook Roh’ *

Abstract: Various form of membrane structures are being built in recent years. However, there is no appropriate fire proofing standards which can

be applied each specific membrane structures. Therefore, existing fire protection standards are in establishment state and they need to be revised. In
the current study, commonly used membrane materials(ETFE, PVF, PTFE) has been selected to investigate its fire resistance behavior with the change

of fire duration time. In addition to this, heat generation rate of the membrane materials in correlation with the height of membrane has been investigated.

And these fire combustion characteristics of membrane materials can be used in future practice for the fire prevention regulations of membrane structures.
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2.1 ETFE(Ethylene Tetra Fluoride Ethylene)
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2.2 PVF(Poly Vinyl Fluoride)
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2.3 PTFE(Poly Tetra Fluoro Ethylene)
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Table 1 Characteristics and performance of membrane materials
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Table 2 Experiment variable

Classification Variable
Type of Membrane ETFE, PVF, ETFE
Distance(mm) 100, 200, 300

Heat Source Butane Gas(Torch)

Table 3 Temperature result at membrane fracture according to the

Item ETFE PVF PTFE
Wox{en Thermoplastl«?lty Polyester Glass Fiber
Fabrics Fluoroplastic
Coating PVC+PVE/

Material Teflon PFLT Teflon
. 0.8 mm or 0.7 mm or
Thickness 50~300 pm More More
Tensile
Strength 40~60 35~75 40~90
(MPa)
Persisting 20 15-20 2530
Period
Self-
purification Excellent Excellent Excellent
Capacity
Color Variety Limit White / Silver
Cost Middle-low Price Mldsrlii_:lgh High Price

distance

Type Distance [mm] Time [s] Temperature [°C]
100 2.5 411.7

ETFE 200 4 407.1
300 15 480.3
100 5 871

PVF 200 13 874.9
300 17 827
100 52 1,145.5

PTFE 200 - -
300 - -
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Fig. 1 Situation after the end of the experiment
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Fig. 2 Temperature at membrane fracture according to the distance
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Table 4 Experiment variable

Classification Variable
Type of Membrane ETFE, PVF, PTFE
Installation height(m) 1.0, 1.5
Kerosene(L) 1,2

(c) Heat source(kerosene)

(a) Full view

Fig. 3 Combustion experiment device

Table 5 Temperature and time at membrane fracture(installation

height 1.0 m)
Type ETFE PVF PTFE
Kerosene(L) 1 2 1 2 1 2
Time(s) 148 144 102 172 126 146

Temperature(°C) 370 599 429 558 503 737
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Fig. 4 Temperature changes on the heat source amount(ETFE —
installation height 1.0 m)
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Fig. 5 Temperature changes on the heat source amount(PVF -
installation height 1.0 m)
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Fig. 6 Temperature changes on the heat source amount(PTFE —
installation height 1.0 m)
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Fig. 7 Situation after the end of the combustion experiment(installation
height 1.0 m)
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Table 6 Temperature and time at membrane fracture(installation

height 1.5 m)
Type ETFE PVF PTFE
Kerosene(L) 1 2 1 2 1 2
Time(s) 128 252 143 157 158 138

Temperature(°C) 254 413 280 539 453 614
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(b) Temperature changes in the measured height(kerosene 2.0 L)

Fig. 8 Temperature changes on the heat source amount(ETFE —
installation height 1.5 m)
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Fig. 9 Temperature changes on the heat source amount(PVF —
installation height 1.5 m)
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Fig. 10 Temperature changes on the heat source amount(PTFE -
installation height 1.5 m)
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Fig. 11 Situation after the end of the combustion experiment(installation
height 1.5 m)
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