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Flame Resistance Performance of Architectural Membrane According to

Woven Fabrics and Coating Materials
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Abstract
Membrane structures which can be used large spatial structure are being expanded because of various advantages.
However, despite the diverse membrane structure buildings and materials, the standard for membrane material
performance that considering fire safety is still inadequate. Therefore, this study applied basalt or glass woven fabric
with flame resistance on architectural membrane, and report the fire safety for architectural membrane using the
strength properties, flammability and incombustibility. From the test result, the architectural membrane using basalt or
glass woven fabric showed a low heat release rate and total heat release. Therefore, it was confirmed that the fire

safety is relatively high.
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Table 1. Property of architectural membranes

Séa;rrwnp;e Thggm?ss }g//ec'%@% Woven fabrics C(t)yeggg
PVF 1.06 0.12 Polyester fiber PVC+PVF
PVDF 1.00 0.11 Polyester fiber PVC+PVDF
PTFE 0.81 0.14 Glass fiber PTFE

BF 0.75 0.11 Basalt fiber PTFE
GBF 060 009 et lase e PTFE
ETFE 0.21 0.04 - -

Table 2. Percentage of coating materials(PTFE)

PTFE BF GBF
Initial weight (g) 3.45 2.93 3.05
Final weight (g) 1.11 1.12 0.34
Percentage of 67.83 61.77 88.85

coating material (%)
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Figure 1. Thermogravimetric analysis of architectural
membranes
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Figure 2. Differential scanning calorimeter of architectural
membranes

Figure 3. The results of TGA/DSC thermal analysis
(a)PVF (b)PVDF (c)PTFE (d) BF (e)GBF (f)ETFE
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Table 3. The results of tensile strength test

Sample
name PVF PVDF  PTFE BF GBF ETFE

Maximum .
load (N) 5,653 7,406 7,286 5,273 1,650 N/A

Tensile
strength 2827 3703 3643 2637 825 N/A
(N/em)
Maximum
displacem 46 52 1.3 05 0.9 N/A
ent (mm)

Eloregjtion 229 259 6.6 27 47 N/A

*N/A: Not applicable

Figure 4. Conditions of architectural membranes after

incombustibility test
(@a)PVF (b)PVDF (c)PTFE (d) BF (e)GBF (HETFE

Table 4. The results of incombustibility test

Sample
name PVF PVDF  PTFE BF GBF ETFE

Carbonizat
jon length 8.0 23.7 25 2.0 2.0 3.0
(cm)
Carbonizat
ion area 34.8 355.4 49 1.9 3.1 7.8
(cm?)

Ignition . . X )
time (s) 7 406 DNI DNI DNI DNI

Remaining N N . .
Flame (s) ! 1 DNl DN DNI DN

*DNI: Do not ignite

3.3 ¥HYs
A5 o) Y5 LS Figure 4%} Table

4of| VERfiIct, AlgZat PVDF WAL 71 2 eskdo)et
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Figure 5. Conditions of architectural membranes after cone

calorimeter test
(a)PVF (b)PVDF (c)PTFE (d) BF (e)GBF (fETFE



Table 5. The results of cone calorimeter test

Sample name PVF  PVDF PTFE  BF GBF  ETFE
PHRR (KW/m?) 13606 15094 2200 686 448 3809
Time t&)PHRR 51 46 101 160 125 47
AH F(fwé/ar; 2; 80s %08 90.8 6.9 1.6 17 9.9
A 650 625 49 28 18 60
THR (MJm) 222 212 17 13 0.8 1.8
Mass (5;3 A 0025 0028 0009 0007 0007 0003
Time tc()s>ignition 7 11 50 82 46 16

BF, GBF, PTFE "= 1087 BAKES 71%E $ol=
WM Fafiet Fgolut HEel A7 1A ot FEE AIstel
Om PVDF, PVF, ETFE 9= AA=9ic), Waids Al
& 13 o Foll= Hsko] AA= AR A= enEHE 10
58 BAKEE AlEA 7k SEjoltt webA 255
O] X541 &40 & sl ZxjolliH =247t ol &
Elo] A[Ho] HAE|QIt) ETFE Tl BARES]| E= |1}
npA} o} 16274 felo] 27% Ft ALsir.
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Figure 6. Heat release rate of architectural membranes
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Figure 7o)l Aol A8 6% u)o] 105 E9t uhyst
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Figure 8. Mass loss rate of architectural membranes
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