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Appendix A.
Heat Rate Release Database of Rail Car Lining Materials

The database presented in this appendix includes over 700 items in total, and over 650 of these include heat rate release
(HRR) data from cone calorimeter tests. These data were used to aid in the development of an empirical model to qualify
passenger railcar materials for fire safety.

A.1 Heat Release Rate and Room Corner Test Data (ASTM E1354, E162, NFPA 286)

The following table presents the heat release rate and room-corner test data, including American Society for Testing and
Materials (ASTM) E162 flame spread data, ASTM E1354 cone calorimeter test and National Fire Protection Association
(NFPA) 286 test, of four rail car materials tested.’

' P. D. Gandhi and J. L. Borgerson, “Investigation of the fire performance of materials and products for use in U.S. railcar and bus applications,”
2008.



Table A 1. HRR and Room-corner Test Data

ASTM
ASTM E1354 E162 NFPA 286

Flame
Spread

Time to Avg. Eff. Peak HRR o Peak Peak Time
Rating, I.

Ignition HOC - Test HRR SRR to FO Source
(sec) (MI/kg) (kW/m?) - cre (kW) (m2/s) (sec)

** Burn Length

Heat Flux

Sample ID (v /m=)

** BL- FI Time

Nomex® rail panel -
Melaminium (melamine
fused to aluminum) face,
Nomex® honeycomb core
(0.25” cell size), aluminum
backer

25 433 17.5 123 3 1260 18.1 416 1

Nomex® rail panel -
Melaminium (melamine
fused to aluminum) face,
Nomex® honeycomb core
(0.25” cell size), aluminum
backer

35 456 17.3 149 1

Nomex® rail panel —
Melaminium (melamine
fused to aluminum) face,
Nomex® honeycomb core
(0.25” cell size), aluminum
backer

50 63 15.7 168 1

Plywood rail panel —
Melaminium (melamine
fused to aluminum) face, 25 605 10.1 198 (= 1268 14.7 589 1
Pplywood core, aluminum
backer

Plywood rail panel -
Melaminium (melamine
fused to aluminum) face, 35 304 10.3 159 1
plywood core, aluminum
backer

Plywood rail panel -
Melaminium (melamine
fused to aluminum) face, 50 107 11.2 201 a1
plywood core, aluminum
backer

Fiberglass-reinforced
plastic (FRP) - Wool/Nylon 25 asa 14.3 o9 s ao01 2.17 — 1
Fabric cover (benchmark)

Fiberglass-reinforced
plastic (FRP) - Wool/Nylon 35 256 14.2 113 1
Fabric cover (benchmark)

Fiberglass-reinforced
plastic (FRP) - Wool/Nylon 50 166 15.2 137 1
Fabric cover (benchmark)

Plywood - Plywood, C-D
Exposure 1 (CDX) 25 128 8.2 95 141 2142 10.6 317 a1
(benchmark)

Plywood - Plywood, C-D
Exposure 1 (CDX) 35 61 13.7 219 1
(benchmark)

Plywood - Plywood, C-D
Exposure 1 (CDX) 50 26 15.2 238 1
(benchmark)

A.2. Small Scale Heat Release Rate Data: Cone Calorimeter (ASTM E1354)
and Flame Spread (ASTM E162)

The following table contains the small-scale heat release rate data from both ASTM E1354 cone calorimeter test and
ASTM E162 flame spread test.



Table A 2. Small-scale HRR Data

. E162 Flame
Peak Time Avg Avg Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of : ) Smoke .
. HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k; Test m2/ki " CRF
(mm) | (W/m?) | (sec) ©® | (seq) | (/M| (M) | rest | awsme) | Gowjme) | e |
***BL- Fl Time
Nomex® rail panel - Melaminium (melamine
fused to aluminum) face, Nomex® honeycomb 25 433 17.5 123 3 1
core (0.25” cell size), aluminum backer
Nomex® rail panel - Melaminium (melamine
fused to aluminum) face, Nomex® honeycomb 35 456 17.3 149 1
core (0.25” cell size), aluminum backer
Nomex® rail panel - Melaminium (melamine
fused to aluminum) face, Nomex® honeycomb 50 63 15.7 168 1
core (0.25” cell size), aluminum backer
Plywood rail panel - Melaminium (melamine
fused to aluminum) face, plywood core, 25 605 10.1 198 6 1
aluminum backer
Plywood rail panel - Melaminium (melamine
fused to aluminum) face, plywood core, 35 304 10.3 159 1
aluminum backer
Plywood rail panel - Melaminium (melamine
fused to aluminum) face, plywood core, 50 107 11.2 201 1
aluminum backer
Flbelfglass—relnforced plastic (FRP) - Wool/Nylon 25 454 143 99 3 1
Fabric cover (benchmark)
Flbel:glass—re|nforced plastic (RFP) - Wool/Nylon 35 256 14.2 113 1
Fabric cover (benchmark)
Flbel:glass—re|nforced plastic (FRP) - Wool/Nylon 50 166 15.2 137 1
Fabric cover (benchmark)
Plywood - Plywood, C-D Exposure 1 (CDX) 2 128 8.2 95 141 1
(benchmark)
Plywood - Plywood, C-D Exposure 1 (CDX) 35 61 13.7 719 1
(benchmark)
Plywood - Plywood, C-D Exposure 1 (CDX) 50 2% 152 738 1
(benchmark)
- Y - r -
Vinyl & Kevlar® - Vinyl cover with Kevlar® backing 25 2% 13.7 149 1

layer




E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (kW/m?) |- (sec) @ 00| eq | WY OWARL T oy | TS awsm) | ewjm) |
***BL- FlTime
- Y - r -
Vinyl & Kevlar® - Vinyl cover with Kevlar® backing 35 11 15.5 121 172 8 1
layer
- v - . -
Vinyl & Kevlar® - Vinyl cover with Kevlar® backing 50 9 132 197 1
layer
® _ ; 0 ®
Woo'l & Kevlar® - Wool fabric cover with Kevlar 25 126 115 126 1
backing layer
® _ 1 T ®
Woo.l & Kevlar® - Wool fabric cover with Kevlar 35 76 19.8 118 133 8 1
backing layer
® _ i i ®
Woo‘I & Kevlar® - Wool fabric cover with Kevlar 50 20 131 182 1
backing layer
Polyester & foam - P_olyester fabric cover with 25 01 ) 1
polyurethane foam insert
Polyester & foam - Ffolyesterfabrlc cover with 35 39 701 913 322 191 1
polyurethane foam insert
Polyester & foam - Ffolyesterfabnc cover with 50 25 203 324 1
polyurethane foam insert
Wool & foam - Woo_l fabric cover with 25 121 34 33 1
polyurethane foam insert
Wool & foam - Woo'l fabric cover with 35 76 63.5 14.9 113 29 1
polyurethane foam insert
Wool & foam - Woo'l fabric cover with 50 33 15.5 166 1
polyurethane foam insert
3 mm thick Poly (phenylene sulphide)/glass fiber 35 205 220 10
(Ryton) panels
3 mm thick Poly (phenylene sulphide)/glass fiber 50 80 70 10
(Ryton) panels
3 mm thick Poly (phenylene sulphide)/glass fiber 75 30 66 10
(Ryton) panels
Glass Reinforced Panel (GRP) Panel 50 41 97.6 68 160.0 21.5 342 221 866 11
Phenolic resin (preimpregnated + honeycomb+
preimpregnated) (Imm+2mm+1mm thick), 37 50 98 40 30 2
Fiberglass(30mm), Aluminium(3mm)
Compact panel with bands and edges in
aluminium (0.8mm-+3mm thick), 36.8 50 85 220 41 2

Fiberglass(30mm), Aluminium(3mm)




E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® | R R Bl 7 R L R
***BL- FlTime
Phenolic resin (preimpregnated+
honeycomb+preimpregnated) (Imm+2mm+1mm 37 50 107 350 46 2
thick), Fiberglass(30mm), Aluminium(3mm)
Wool carpet 100% Zirpro (3.5mm+2mm thick),
Floor panel (Aluminium+ Foam+Aluminium) 27.5 25 150 380 38 2
(1.5mm+16mm+1.5mm), Fiberglass(3mm)
Upholstery (1mm), Fire barrier fabric
(Dufelt)(1mm), Polyurethane Foam(36mm), 40.5 25 175 75 28 2
Aluminium(1.3mm) or Pieces SMC (3.7mm)
Sunblind in glass and PVC (530 g/m~2) 0.6 25 23 2.0 66 6 3
Curtains in PVC fibre (600 g/m~2) 1.3 25 98 2.1 50 5 3
Curtains in preoxydate fibre (200 g/m~2) 0.5 25 1.4 6 3
Curtains in polyester (300 g/mA2) 0.5 25 2 3
Sunblind in glass and PVC (530 g/m~2) 0.6 35 19 2.1 101 7 3
Curtains in PVC fibre (600 g/m~2) 1.3 35 97 2.8 52 8 3
Curtains in preoxydate fibre (200 g/m~2) 0.5 35 23 2.6 59 8.1 3
Curtains in polyester (300 g/m~2) 0.5 35 148 3
Mattress foam, Mattress covering 12 25 34 4.1 111 15.8 3
Sheet (130g/m~2) 0.2 25 n.d. 4 3
Blanket (600g/m~2) 4 25 48 360.3 175 79.7 3
Pillow (18g/m~2) 25 198 16.2 172 55.6 3
Mattress foam, Mattress covering 12 35 211 8.7 163 324 3
Sheet (130g/m~"2) 0.2 35 17 10.2 91 9.4 3
Blanket (600g/m~"2) 4 35 17 186.7 271 81.7 3
Pillow (18g/m~2) 35 42 20.4 182 69 3
Silicone unlacarable fabric (6000g/mA2) 0.778 25 131 483 117 20.8 3
Polyurethane foam (100kg/m"2) 25 10 10.7 117 38 3
Seat covering knitted velvet(500g/mA2), inner
layer polyacrylate-armide fibre(250g/m~2), 25 50 53.5 130 12.7 3

Polyurethane foam (50 kg/m"3)




Sample ID

Thick-
ness
(mm)

Heat
Flux
(kw/m?)

Time to
Ignition
(sec)

Initial
Sample
Mass (g)

Percent
Burned
(%)

Flame-

out
(sec)

Total Heat
Released
(MJ/m?)

Avg. Eff.
HOC
(MJ/kg)

Peak

HRR -

Test
(kW/m?)

Time
of
Peak -
Test
(sec)

Avg.
HRR -
300 sec
(kw/m?)

Avg.
HRR -
Test
(kw/m?)

Smoke
SEA
(m?/kg)

E162 Flame
Spread
Rating, I,
* CRF
** Burn Length

***BL- FlTime

Ref

Seat covering "en drap"(800g/m”2), inner layer
polyacrylate-armide fibre(250g/m"2),
Polyurethane foam (50 kg/m*3)

25

37

17.4

115

115

Seat covering in simulated leather(250g/m"2),
inner layer polyacrylate-armide fibre(250g/mA2),
Polyurethane foam (50 kg/m*3)

25

79

43.5

98

311

Seat covering wool/synthetic fibre(1000g/m~2),
inner layer polyacrylate-armide fibre
(4mm,550g/m~2), Polyurethane foam (70
kg/mA3)

25

52

8.0

160

22.9

Seat covering synthetic fibre(550g/mA2), inner
layer polyacrylate-armide fibre (4mm,550g/m*2),
Polyurethane foam (70 kg/m*3)

25

53

166

Seat covering wool/acrylic fibre (600g/mA2),
inner layer polyacrylate-armide fibre
(4mm,550g/mA2), Polyurethane foam (70
kg/m~3)

25

35

333

205

20.8

Seat covering texoid(900g/m~2), inner layer
polyacrylate-armide fibre (4mm,550g/mA2),
Polyurethane foam (70 kg/m~3)

25

45

4.3

128

Seat covering polyester fibre (600g/mA2),
Polyurethane foam (85 kg/m*3)

25

35

17.7

227

59.2

Seat covering woollen spun cloth (400g/m*2),
inner layer polyacrylate-aramide fibre (2mm, 450
g/mA2), Polyurethane foam (70 kg/m~3)

25

24

8.8

214

29.5

Seat covering double plush seating
moquette,Zirpro treated (800g/m*2), inner layer
polyacrylate-aramide fibre (2mm, 450
g/m”2),Polyurethane foam (70 kg/m*3)

25

71

74.4

Seat covering cut & uncut seating moquette,
untreated (850g/m~2), inner layer polyacrylate-
aramide fibre (2mm, 450 g/m~2), inner layer
polyacrylate-aramide fibre (2mm, 450 g/m~2),
Polyurethane foam (70 kg/m*3)

25

57

77.0

439

98.7

Seat covering double plush seating moquette,
untreated (800g/m~2), inner layer fibrous glass
substrate with plymeric treatement and special

25

83

37.0

322

87.4




E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® | R R Bl 7 R L R
***BL- FlTime
coating (0.5mm, 170g/m"2), Polyurethane foam
(70 kg/m~3)
Silicone unlacarable fabric (6000g/mA2) 35 73 48.1 137 58.1 3
Polyurethane foam (100kg/m~2) 35 1 16.1 125 49.1 3
Seat covering knitted velvet(500g/m”2), inner
layer polyacrylate-armide fibre(250g/m~2), 35 88 62.9 160 38.7 3
Polyurethane foam (50 kg/m"3)
Seat covering "en drap"(800g/m”2), inner layer
polyacrylate-armide fibre(250g/m~2), 35 23 88.2 170 61.6 3
Polyurethane foam (50 kg/m~3)
Seat covering in simulated leather(250g/m"2),
inner layer polyacrylate-armide fibre(250g/m”2), 35 21 82.2 132 47.7 3
Polyurethane foam (50 kg/m~3)
Seat covering wool/synthetic fibre(1000g/mA2),
inner layer polyacrylate-armide fibre
(4mm,550g/m~2), Polyurethane foam (70 35 28 80.1 283 66.4 3
kg/mA3)
Seat covering synthetic fibre(550g/m”2), inner
layer polyacrylate-armide fibre (4mm,550g/m*2), 35 23 88.9 182 68.2 3
Polyurethane foam (70 kg/m*3)
Seat covering wool/acrylic fibre (600g/m~2),
inner layer polyacrylate-armide fibre
(4mm,550g/mA2), Polyurethane foam (70 35 20 867 279 521 3
kg/mA3)
Seat covering texoid(900g/mA2), inner layer
polyacrylate-armide fibre (4mm,550g/m"2), 35 34 15.9 167 62.5 3
Polyurethane foam (70 kg/m"3)
Seat covering polyester fibre (600g/mA2),
Polyurethane foam (85 kg/m~3) 35 1 64.6 266 72.2 3
Seat covering woollen spun cloth (400g/m*2),
inner layer polyacrylate-aramide fibre (2mm, 450 35 17 15.3 247 46 3

g/mA2), Polyurethane foam (70 kg/m~3)




E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (kW/m?) |- (sec) @ 00| eq | WY OWARL T oy | TS awsm) | ewjm) |
***BL- FlTime
Seat covering double plush seating moquette,
Zirpro treated (800g/m”2), inner layer
polyacrylate-aramide fibre (2mm, 450 g/m~2), 3 16 87.0 281 932 3
Polyurethane foam (70 kg/m*3)
Seat covering cut & uncut seating moquette,
untreated (850g/m”2), inner layer polyacrylate-
aramide fibre (2mm, 450 g/m”2), inner layer 35 14 92.1 525 147.8 3
polyacrylate-aramide fibre (2mm, 450 g/m~2),
Polyurethane foam (70 kg/m*3)
Seat covering double plush seating moquette,
untreated (800g/m*2), inner layer fibrous glass
substrate with plymeric treatement and special 35 16 53.9 329 110.4 3
coating (0.5mm, 170g/m~2), Polyurethane foam
(70 kg/m~*3)
Film self-adhesive bonded to Al sheet 50 104 57 2 4
Polycarbonate (good fire performance) 50 432 167 118 4
Polychloroprene rubber 50 241 137 79 4
Flame retarded glass reinforced unsaturated
polyester (FR GRUP) >0 236 8 %8 4
Glass mat 50 39.7 182 90 4
Glass reinforced unsaturated polyester
(GRUP) 50 39.1 141 95 4
Polycarbonate (10% glass fibre) 50 98.0 243 179 4
Mica paper on silicon resin 50 12.5(1) 9.4 (1) 1.5(1) 4
Cotton textile and epoxy resin 50 138.0 212 129 4
Pultruded glass reinforced unsaturated
polyester (GRUP) 50 56.0 284 146 4
Polyvinyl chloride (PVC) 50 52.4 163 67.8 4
Glass reinforced unsaturated polyester
(GRUP) 50 355 159 89 4
Polyuret/t:nane (PUR) foam with fabric on top 50 35 12 58.6 284 85 154 7
(77kg/m"3)
Polyurethane (PUR) foam with fabric on top 50 50 11 69.2 342 123 195 7

(77kg/m”3)




E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® | R R Bl 7 R L R
***BL- FlTime
Polyuret/t:nane (PUR) foam with fabric on top 50 75 3 71.8 244 180 302 7
(77kg/m"3)
1.6 mm metal laminate on 18 mm plywood
(648kg/m*3) 20 35 0.9 9 7 7
1.6 mm metal laminate on 18 mm plywood
(648kg/m"3) 20 50 77 3.2 58 10 17 7
1.6 mm metal laminate on 18 mm plywood
(648kg/mA3) 20 75 46 45.3 157 66 76 7
1 mm HPL laminate on 18 mm plywood (548 2 35 575 536 133 65 45 7
kg/m~3)
1 mm HPL laminate on 18 mm plywood (548 2 50 110 295 131 104 23 7
kg/m~3)
1 mm HPL laminate on 18 mm plywood (548 2 75 14 367 738 122 131 7
kg/m*3)
PVC Carpet (1400 kg/m~3) 2 35 26 22.8 251 75 139 7
PVC Carpet (1400 kg/m~3) 2 50 12 23.8 284 80 201 7
PVC Carpet (1400 kg/mA3) 2 75 7 233 344 78 274 7
Wood Table with HPL laminate on top (616 30 35 101 296 173 65 65 7
kg/mA3)
Wood Table with HPL laminate on top (616 30 50 38 468 210 a9 110 7
kg/m~3)
Wood Table with HPL laminate on top (616 30 75 2 645 364 133 184 7
kg/mA3)
Cover (70%wool, 20% viscose, 10%aramide 8
polymers), interliner (aramide polymers), foam 20 79 280
(polyurethane & melamine foam)
Cover (70%wool, 20% viscose, 10%aramide 8
polymers), interliner (aramide polymers), foam 25 104 121
(polyurethane & melamine foam)
Cover (70%wool, 20% viscose, 10%aramide 8
polymers), interliner (aramide polymers), foam 35 269 42
(polyurethane & melamine foam)
Cover (70%wool, 20% viscose, 10%aramide 8
polymers), interliner (aramide polymers), foam 50 330 42

(polyurethane & melamine foam)




E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® | R R Bl 7 R L R
***BL- FlTime
Cover (70%wool, 20% viscose, 10%aramide 8
polymers), interliner (aramide polymers), foam 75 400 32
(polyurethane & melamine foam)
GRP (polyester gelcoat & hand-laminated glass 9
X . X X 20 68 197
fibres/polyester/mineral filler composite)
GRP (polyester gelcoat & hand-laminated glass 9
X . X X 25 74 163
fibres/polyester/mineral filler composite)
GRP (polyester gelcoat & hand-laminated glass 9
X . X X 35 111 168
fibres/polyester/mineral filler composite)
GRP (polyester gelcoat & hand-laminated glass 9
X . X X 50 131 125
fibres/polyester/mineral filler composite)
GRP (polyester gelcoat & hand-laminated glass 9
X . X X 75 154 85
fibres/polyester/mineral filler composite)
Seat Cushion - Foam (individual component) 50 14 80 25 30 12
Seat Cushion - Interliner (individual component) 50 5 30 15 300 12
Seat Cushion - Fabric (individual component) 50 11 420 20 225 12
Seat Cushion - PVC (individual component) 50 7 360 10 770 12
Seat Cushion - Foam 2 (individual component) 50 14 80 25 30 12
Seat Cushion - Interliner 2 (individual component) 50 5 30 15 300 12
Seat Cushion - Fabric 2 (individual component) 50 8 265 30 400 12
Seat Cushion - Graphite-filled foam (individual 50 7 65 2 20 12
component)
Seat Support Diaphragm - Chloroprene 50 31 295 50 1400 12
Seat Support Diaphragm - FR cotton muslin 50 7 190 15 490 12
Seat Shroud - PVC/Acrylic 50 28 110 350 490 12
Armrest pad, coach seat (foam on metal support) 50 54 610 55 780 12
Seat footrest cover - Chloroprene elastomer 50 45 400 70 960 12
Seat track cover - Chloroprene elastormer 50 26 190 100 1100 12
Mattress & bed pad - Foam 50 9 80 20 40 12
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tst:sct) dw/m) | gewsme | (M) | Ew:':mh
ok BL - FlTime
Mattress & bed pad - Interliner 50 5 25 10 70 12
Mattress & bed pad - Fabric 50 7 150 10 70 12
Wall Finishing - Wool Carpet 50 30 655 95 510 12
Wall Finishing - Wool Fabric 50 21 745 35 260 12
Space Divider - Polycarbonate 50 105 270 155 1000 12
Wall Material - FRP/PVC 50 23 120 40 1000 12
Wall Panel - FRP 50 18 270 40 530 12
Window Glazing - Polycarbonate 50 115 330 150 1000 12
Window Mask - FRP 50 53 210 95 12
Drapery Curtain/Fabric - Wool/nylon 50 13 310 25 380 12
Drapery Fabric - Polyester 50 20 175 30 810 12
Blanket Fabric - Wool 50 11 170 15 560 12
Blanket - Modacrylic fabric 50 17 18 25 12
Pillow - Cotton cover/polyester filler 50 24 340 60 570 12
Carpet - Nylon 50 10 245 75 350 12
Rubber Mat - Styrene butadiene 50 35 300 90 1400 12
Café/Lounge Table - Phenolic/wood laminate 50 44 250 55 80 12
Air Duct - Neoprene 50 30 140 55 810 12
Pipe insulation - foam 50 7 95 10 700 12
Window Gasketing - Chloroprene elastomer 50 33 210 305 1100 12
Door Gasketing - Chloroprene elastomer 50 38 200 275 1200 12
Seat Cushion (assembled) 50 12 420 25 170 12
Seat Cushion (assembled) 50 7 260 35 360 12
Seat Cushion (assembled) 50 7 360 10 510 12
Seat Cushion (assembled) 50 12 255 15 320 12
Seat Cushion (assembled) 50 7 270 30 290 12
Seat Cushion (assembled) 50 12 365 23 260 12
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tst:sct) dw/m) | gewsme | (M) | Ew:':mh
ok BL - FlTime
Seat Cushion (assembled) 50 7 260 35 400 12
Seat Cushion (assembled) 50 6 370 15 510 12
Seat Cushion (assembled) 50 12 400 25 370 12
Seat Cushion (assembled) 50 8 270 35 290 12
Seat Cushion (assembled) 50 12 400 25 90 12
Seat Cushion (assembled) 50 8 275 35 220 12
Seat Cushion (assembled) 50 6 400 15 470 12
Mattress (assembled) 50 7 170 10 40 12
Bed Pad (assembled) 50 7 170 10 30 12
Pillow (assembled) 50 7 160 10 560 12
2729 - Back of Seat 2.6 25 596 33.2 78 434 14.9 5.8 40 774 30 206 15
2729 - Back of Seat 2.6 50 101 32.7 81 407 21.6 8.2 72 121 48 967 15
2729 - Back of Seat 2.6 75 16 33.6 29 9 0.5 0.5 53 22 39 4572 15
2729 - Armrest 3 25 626 41.0 68 358 121 4.1 43 794 32 262 15
2729 - Armrest 3 50 248 41.7 79 443 27.8 8.4 77 277 44 333 15
2729 - Armrest 3 75 17 40.9 30 11 0.9 0.8 85 25 63 4621 15
2729 - Seat 56 25 29 89.7 6 68 33 6.6 95 39 60 6029 15
2729 - Seat 56 50 7 91.1 21 279 16.2 8.5 163 19 57 625 15
2729 - Seat 56 75 4 89.8 32 406 233 8.1 165 17 57 549 15
2729 - Window 12 35 289 141.1 69 2709 230.4 23.6 211 347 86 229 15
2729 - Window 12 50 115 142.1 72 3283 263.9 26.2 192 829 80 244 15
2729 - Window 12 75 52 140.6 60 1084 153.4 18.3 221 294 142 1017 15
2729 - Printed Wall Lining 24 25 92 32.2 76 285 28.7 11.7 175 215 99 230 15
2729 - Printed Wall Lining 24 50 49 32.8 80 233 30.6 11.7 216 131 130 636 15
2729 - Printed Wall Lining 2.4 75 24 31.8 83 132 30.0 11.3 327 78 225 1387 15
2729 - Aisle Light Diffuser 3.4 50 91 39.4 78 265 57.9 18.9 336 85 221 3946 15
2729 - Ad Board 6.3 35 188 75.6 80 1272 133.8 223 287 230 107 950 15
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Eur:':mh
ok BL - FlTime
2729 - Ad Board 6.3 50 77 75.1 84 784 112.5 17.8 253 157 144 1083 15
2729 - Ad Board 6.3 75 35 75.0 85 615 115.5 18.1 353 101 188 1758 15
2729 - Entrance Light Diffuser 50 12 48.4 80 367 78.9 20.4 348 68 214 1230 15
2729 - Brown Ceiling Panel 33 25 95 41.3 88 396 37.5 10.3 186 331 93 132 15
2729 - Brown Ceiling Panel 33 50 35 41.6 89 239 40.0 10.8 249 177 166 432 15
2729 - Brown Ceiling Panel 33 75 20 411 88 181 38.1 10.5 340 138 208 863 15
2729 - End Cap 5.5 25 126 82.4 9 47 3.8 4.9 95 152 70 8684 15
2729 - End Cap 5.5 50 24 79.9 73 553 61.5 10.6 148 267 111 2582 15
2729 - End Cap 5.5 75 8 82.6 74 502 60.6 9.9 171 28 121 2996 15
2729 - Brown Wall Lining 13 25 55 22.7 25 65 6.0 10.7 161 86 88 3739 15
2729 - Brown Wall Lining 13 50 21 22.6 27 59 6.7 11.0 186 49 110 4910 15
2729 - Brown Wall Lining 13 75 14 22.4 27 38 6.3 10.5 226 37 159 8038 15
2729 - Ceiling Panel 1.7 25 50 24.1 20 77 7.8 16.0 164 93 99 10799 15
2729 - Ceiling Panel 1.7 50 19 24.5 23 59 8.5 14.9 243 50 139 12425 15
2729 - Ceiling Panel 1.7 75 12 23.7 23 77 8.0 15.0 248 36 102 12105 15
2729 - Rubber Bellow 50 27 87.7 61 663 78.7 14.6 205 224 118 1700 15
2729 - Floor Tile 50 34 58.7 36 338 41.4 19.6 206 40 123 2708 15
2280 - Seat (White Foam Backing) 48 25 22 75.2 33 1548 66.9 27.3 228 14 43 258 16
2280 - Seat (White Foam Backing) 48 50 7 86.0 50 1319 96.0 22.2 191 14 73 459 16
2280 - Seat (White Foam Backing) 48 75 4 76.6 48 1031 94.1 255 259 12 91 986 16
2280 - Seat (Grey Foam Backing) 41 25 21 72.7 13 137 9.9 10.6 189 15 72 2968 16
2280 - Seat (Grey Foam Backing) 41 50 7 77.0 32 476 26.6 11.2 221 14 56 462 16
2280 - Seat (Grey Foam Backing) 41 75 4 73.3 52 905 46.8 12.2 227 15 52 292 16
2280 - Back of Seat 4.9 25 295 79.6 60 1034 111.3 233 158 559 108 621 16
2280 - Back of Seat 4.9 50 65 77.7 63 705 80.5 16.4 203 416 115 1141 16
2280 - Back of Seat 4.9 75 27 71.8 63 398 69.2 15.2 256 296 173 2381 16
2280 - Toilet Wall 5.05 25 211 80.6 49 1069 70.2 17.8 115 229 66 576 16
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Eur:':mh
ok BL - FlTime
2280 - Toilet Wall 5.05 50 56 77.5 51 639 62.5 15.7 194 41 97 1012 16
2280 - Toilet Wall 5.05 75 29 77.6 49 489 59.5 155 210 16 121 1534 16
2280 - Toilet Partition 15.4 25 559 135.4 29 1186 50.9 15.0 83 195 42 211 16
2280 - Toilet Partition 15.4 50 145 145.0 36 1062 62.0 143 109 439 58 457 16
2280 - Toilet Partition 154 75 12 127.0 57 1657 99.0 14.8 167 229 71 301 16
2280 - Central Panel 9.45 50 31 72.5 17 368 27.4 22.4 156 166 77 1716 16
2280 - Cove Panel 2.6 35 66 52.9 6 50 1.8 5.1 52 34 34 870 16
2280 - Cove Panel 2.6 50 47 56.6 7 57 33 8.7 88 14 52 1732 16
2280 - Cove Panel 2.6 75 27 57.3 8 56 3.7 7.7 123 12 61 1411 16
2280 - Flooring 2.8 50 31 35.7 59 791 59.2 28.3 255 39 75 1015 16
2280 - Console Panel 3.15 25 115 52.1 47 518 56.6 233 171 286 109 1052 16
2280 - Console Panel 3.15 50 33 49.2 51 357 52.2 20.7 279 81 146 1900 16
2280 - Console Panel 3.15 75 20 51.1 52 304 49.6 18.6 281 49 164 2370 16
2281 - Wainscot 3 30 77 44.6 1 294 13.8 5.0 127 197 45 375 17
2281 - Wainscot 3 50 41 44.6 1 212 26.8 9.4 236 72 125 670 17
2281 - Wainscot 3 75 20 44.5 1 200 30.8 10.1 279 4 153 476 17
2281 - Access Panel 2.6 35 66 52.9 6 50 1.8 5.1 52 34 34 870 17
2281 - Access Panel 2.6 50 47 56.6 7 57 33 8.7 88 14 52 1732 17
2281 - Access Panel 2.6 75 27 57.3 8 56 3.7 7.7 123 12 61 1411 17
2281 - Wall Lining FSM 3.15 25 115 52.1 47 518 56.6 233 171 286 109 1052 17
2281 - Wall Lining FSM 3.15 50 33 49.2 51 357 52.2 20.7 279 81 146 1900 17
2281 - Wall Lining FSM 3.15 75 20 51.1 52 304 49.6 18.6 281 49 164 2370 17
2281 - Wall Lining CFM 3.7 25 134 51.5 63 603 80.2 24.6 234 321 133 1093 17
2281 - Wall Lining CFM 3.7 50 23 51.4 66 467 71.7 21.1 269 270 154 1865 17
2281 - Wall Lining CFM 3.7 75 10 50.3 63 343 65.3 20.5 301 200 191 3044 17
2281 - Window 12 35 289 141.1 69 2709 230.4 23.6 211 347 86 229 17
2281 - Window 12 50 115 142.1 72 3283 263.9 26.2 192 829 80 244 17
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Eur:':mh
ok BL - FlTime
2281 - Window 12 75 52 140.6 60 1084 153.4 18.3 221 294 142 1017 17
2281 - Ceiling 9.45 50 31 72.5 17 368 27.4 22.4 156 166 77 1716 17
2281 - Seat 5 25 330 86.7 0 504 35.7 10.7 105 50 68 765 17
2281 - Seat 5 50 99 89.8 0 514 38.9 10.8 129 20 76 994 17
2281 - Seat 5 75 56 92.4 0 451 46.8 13.1 167 17 103 772 17
2281 - Flooring 4 25 255 83.1 0 570 36.5 11.8 149 24 63 1642 17
2281 - Flooring 4 50 66 84.2 0 565 42.7 12.9 118 325 75 1762 17
2281 - Gasket 15 50 33 52.6 0 2204 196.6 37.4 208 305 90 714 17
2281 - Light Diffuser 3.4 50 91 39.4 78 265 57.9 18.9 336 85 221 3946 17
2282 - Floor Material with Metal Backing 5.5 25 176 136.6 19 900 71.2 27.9 150 134 79 1150 18
2282 - Floor Material with Metal Backing 55 50 51 133.4 22 726 72.2 25.0 181 267 100 1931 18
2282 - Floor Material with Metal Backing 5.5 75 23 135.1 23 606 76.1 24.6 214 130 126 1736 18
2282 - Seat Material 5 25 357 94.1 39 1188 70.4 19.2 83 526 59 241 18
2282 - Seat Material 5 50 100 92.0 41 892 68.7 18.1 135 210 78 485 18
2282 - Seat Material 5 75 67 94.3 40 714 65.5 17.4 153 14 92 652 18
2282 - Window (PC) 5.9 50 68 73.0 81 577 123.0 20.9 406 133 218 1417 18
2282 - Window (PC) 5.9 75 21 73.8 84 579 130.6 21.0 502 114 232 1228 18
2282 - Window (PC) 5.9 920 14 73.5 82 463 116.8 19.4 477 95 254 2025 18
Acoustic Insulation - Dophin Hydroarmor 7735 1 35 27 41.7 8 50 - 22.5 398 44 22.6 43 1018 11.96 19
2;‘;‘;;2;5;”)\%222 éciflroﬂex 200-5TS P/N's 2 50 6 126 17 15 01 27 9 - 05 - - 1.65 19
Acoustic Insulation - Aquaplas DL-10 HV 4 50 89 247.5 1 214 4.3 13.0 75 132 14.5 36 39 5 19
Adhesive - Proflex 35-AA 50 26 83.1 20.5 188 302 84 645 31 19
Adhesive/Sealing 99-152-50041-1 50 11 62.3 23.6 408 92 186 666 228 19
Advanted Polymer - PRIMEF 7002/9000 15.1 50 543 356.8 8 2304 118.3 40.9 86 - 53.43 49 1276 4.52 19
Air Spring - 201C AIRSPRING 50 22 159.4 24.0 294 377 153 1285 19
Anti-skid coating material - HP1430 - 43 - 234 127 54 77 136 19
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® [ R R Bl 7 R L R
***BL- FlTime
Anti-skid epoxy flooring - Tekdata HP1430 3 50 24 - - - 9.8 23.4 127 55 32.7 77 136 *0.88 19
Articulation Bellows - Hubner Reinforced 16 50 53 20.8 55 307 221 193 267 83 73.8 87 796 85 19
Elastomeric Comp.
Art|cu|athn Bellows - Minne. Ts5/1.6 reinforced 50 30 214 19.0 207 97 68 829 5 19
elastomeric compound
Backshell, Post Shroud, Armrest - FRP with Tedlar 50 37 39.0 18.0 146 365 67 460 8 19
Battery case - UDEL P1700 Polysulfone 5 50 97 65.7 96 4270 116.0 21.6 267 130 182.4 98 392 35 19
Battery case - UDEL P1720 Polysulfone 2 50 69 27.9 70 433 46.2 22.7 268 140 129.4 107 75 15 19
Battery Case Shim - Delmat Polyester 68020 2 50 58 35.9 46 448 27.3 15.3 220 77 82.6 62 329 20 19
Battery Cell Container - Lidel P1700 Polysulfone 50 71 83.3 21.4 367 121 225 431 7 19
Bellows - FR Bellows 50 80 105.2 13.5 87 112 30 485 19
€ab Console - FRP + Tedlar Dimension 35 50 37 59.8 37 585 39.0 18.0 146 365 72.7 67 574 8 19
Composites
Cab Curtain - PES material 50 25 1.6 11.9 100 30 42 92 19
Cab-Door Window Gasket - Rubber Compound
24045, Duro 60+-5 50 20 19.4 24.0 128 150 56 431 5 19
Cab-Low Ceiling+Crew Locker Panel - Aluminum 95 50 20 47.8 17 363 194 240 128 150 61.8 56 431 1 19
Honeycomb Core Panel
Caulking - FSP 1000 50 53 221 19.3 267 83 87 796 19
Ceiling Ducting - Geta Fiberglass Coated Silicone 1.3 50 49 17.2 51 269 23.5 26.5 229 95 81 105 1203 15 19
Ceiling Panel - Honeycomb Core Ceiling Panel 9.5 50 20 47.9 16 343 19.4 24.0 128 150 61.8 56 431 1 19
Composite
Ceiling panels - Melamine aluminum honeycomb 50 20 19.4 24.0 128 150 56 431 0 19
Chevron Spring - TIAVS-32X60 50 21 495.2 331 445 38 138 1254 19
Chloroprene Adhesive - 3M Scotch Grip 1357 50 - 0.5 -- 5 155 0 - 5 19
Circuit Breaker - BMC 200 50 82 33.8 13.7 113 213 55 293 11 19
Circuit Breaker - Glastic 1454 50 101 28.2 10.9 119 300 48 79 7 19
Circuit Breaker panels - Glastic 1454 Composite 50 101 282 10.9 119 300 48 79 7 19

(CBs)
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Avg. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'r?:t- Peak - 33:2;: HTT:t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Bur:':mh
ok BL - FlTime
g:ﬁg E;;%azk/zr;c; OSO'Vay Advanced Polymers 50 542 118.3 40.9 86 na na 1276 45 19
Coating - Aquaplas DL-10HV 50 89 4.3 13.0 75 132 36 39 5 19
Coating Material - Aquaplas DL-10HV 50 89 4.3 13.0 75 132 36 39 5 19
Composite - 545 Balsa with Phenolic Skin 50 65 5.9 6.1 118 -- 41 -- 19
Composite - GRP 12.35 50 107 239.5 59 3135 152.1 15.5 115 162 84.15 84 72 **0 19
Egg,‘,p;jiilF'E'lera'sgﬂsi'ifj;;:‘sznggfe:'°°r Panel 15 50 93 1185 17 266 17.1 111 163 158 54.89 86 112 0 19
Composite Floor - MCI 3/4" Phenolic Floor Panel 18.9 50 121 183.3 19 470 10.8 4.0 89 198 26.95 31 280 3.48 19
Composite Floor - MCI 3/4" Phenolic Floor Panel 19 50 138 188.4 8 219 3.0 3.8 63 170 10.11 17 574 1.7 19
Composite Floor - MCI 3/4" Phenolic Floor Panel 18.5 50 156 153.4 8 500 10.5 2850.0 63 213 29.3 32 163 <5 19
E‘ETFpRogsitg_(L;”gEii‘é;ﬁ;egg'o'so'25 MR10 6.5 50 88 78.0 91 3032 152.3 214 270 130 186.4 52 854 60 19
E::\erl)osite Panel - Honeycomb Core Composite 50 472 57.0 25.5 189 765 74 552 1 19
Conduit/Neoflex - KCR-12 50 60 54.0 131 97 77 33 312 6.3 19
Connector seals - Veam Rubber Compound 55/1 3 50 33 44.3 56 1080 85.1 26.1 168 65 108 62 250 1 19
\c/?nl;rl’t;'t:fﬁ;;c;&i;l‘i/::oﬂ;f\ﬁ” - FRP Fiberglass 50 53 164.5 138 115 87 43 38 35 19
gg;g(')er rubber - WABCO Rubber Compound 50 29 276.1 29.1 317 48 122 1164 18 19
Cushioing Composite - LS 200 Foam 50 88 1.0 2.4 35 110 29 10 19
Destination Sign Curtain - Noryl Xtra Compound 1.8 50 19 20.0 79 834 38.3 24.3 122 42 86.4 47 1220 - 19
Door Edges - 24051 Rubber Compound 50 45 86.3 17.6 126 58 68 1280 11 19
Door/Nose Rubber - PE 700213 13 35 114 170.9 76 - 113.0 23.0 152 158 87.1 93 - - 19
Duct Liner - Owens Corning Type 200 - 50 2 - - 8 - - - - - - - 25.78 19
Ducting - Flexible Technologies Model MK-C 50 14 0.5 5.9 49 26 31 47 2 19
Ducting - Owens Cornering 475 Duct Board 50 - 0.2 - 2 1110 0 - 1 19
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Eur:':mh
ok BL - FlTime
f;ﬁf:;g‘r" f::\i;;':sp'uftx:&;g Sn‘“;”es 325 50 62 44.0 10.8 137 308 84 1002 20 19
Enmdn:: ?5531? irr::i:swn Comp. Gel Coated FRP 50 55 88.0 17.4 139 472 85 533 30 19
End Caps - Testori Gelcoated FRP (M7) 5 50 50 88.3 54 956 65.8 16.4 138 103 90.8 69 460 9 19
End gate rub strips - Minne. Gray end plate plastic 50 68 86.1 25.3 742 177 222 167 19
End Molded Shells - SC-FR 9161 Polyester Gelcoat 50 38 49.0 18.9 126 90 71 593 22 19
EPDM - NF-16-101 25 50 72 404.8 16 3600 173.0 23.8 162 97 79.9 49 419 **1.77 19
EPDM Gasket Material - NF-16-101 25 50 72 404.8 16 3528 173.0 23.8 162 97 79.9 49 157 **1.8 19
EPDM Gasket Material - REIFF Gasket 50 8 162.6 345 217 78 79 758 19
Epoxy coating - Epoxy Coating System 50 61 57.1 25.1 312 147 178 674 65 19
Eﬁiggtﬁ;ﬁgg” Gasket - Neoprene 50 50 421 15.9 138 65 67 1280 4 19
Extruded Rubber - Chamberlin FLEX 35 50 33 143.5 18.7 143 763 86 894 30 19
Fabric - Entransit 1 50 17 4.3 86 106 4.4 111 219 38 14.8 50 358 19
Fabric - NDW Textiles Canvas/Natural 0.7 50 7 3.7 89 51 1.7 53 98 25 5.79 38 45 **5 19
Fiberglass Composite - Protectalite Backshell 50 71 27.5 12.3 142 95 81 636 10 19
Fiberglass Insulation - SG25 Plain 50 - 2.2 -- 5 557 1 - 5 19
Flex-Conduit - Liquatite Electri-Flex CEA Conduit 35 - 103.0 -- 84 -- -- - 22.8 19
Flex-Conduit - PCS/PCSL 50 80 138.9 28.2 983 258 336 135 5 19
Flexible ConduitZHLA/CEA Jacket Material 1 50 24 14.1 90 237 34.1 23.8 510 70 74.1 154 227 25 19
Flex-Conduit - PMA Theroplastic Material "VAM" 1 50 26 125 89 503 25.2 22.4 344 48 80.1 54 149 15 19
e e e ot 0 | mo | s | e |
:lljiﬁinbgle Conduit - Neoflex Co. KCR-12 Rubber 50 60 54.0 131 97 77 13 313 5 19
Flexible Conduit - PMA PCS/PCSL 4 50 80 46.3 95 413 138.9 28.2 983 258 456.3 336 256 5 19
Flexible Conduit - PMA Thermoplastic PCS 50 21 213 26.9 448 47 105 227 15 19
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 3322;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Ew:':mh
w4 Bl FiTime
Flexible Conduit - PMA Thermoplastic VAM 1 50 26 125 11 477 25.2 22.4 344 48 80.1 54 149 15 19
Flexible Silicone Hose - XP-16486 50 68 21.9 26.7 243 117 97 273 19
Floor Covering - 5112-01 50 88 17.5 7.0 116 265 62 - 10.36 19
Floor Covering - Abrastop/Fiber 240z. Mat 5.2 20 488 93.2 30 635 46.6 17.5 155 538 117.2 74 433 *0.94 19
Floor Covering - Abrastop/Foam Composite 21 20 457 198.5 23 3600 96.0 20.5 92 485 46.5 31 519 - 19
Floor Covering - NORA 925 4 20 368 163.7 8 310 21.6 17.1 140 408 71 70 466 *0.85 19
Floor Covering - NORA Compound 925 9.9 50 35 206.6 17 310 75.2 225 981 170 250.83 404 190 *0.49 19
Floor Covering - NORA Degree 3.2mm 9.5 50 95 207.3 9 562 52.9 29.2 388 145 151.23 113 541 *1.04 19
;'7060; covering - NORA Noraplan Stone, Color 32 50 48 173.3 18 965 58.5 182 212 63 1017 64 733 *0.7 19
Floor Covering - Treadmaster TM7 50 111 62.3 13.7 197 -- 103 96 19
Floor covering - Treadmaster TM7 Floor Covering 50 119 62.3 21.9 197 351 96 96 *1.1 19
Floor Marking Material - PER-0.40 L-HPPL 0.9 50 20 12.2 27 395 19.9 22.2 441 48 61.6 53 808 *0.5 19
Floor Panel - MCI 3/4", 0.05" skin, Balsa Core 19 50 78 123.2 - 180 9.3 6.0 169 - 30.85 -- 61 4.03 19
::(‘i’:/rfsz:;e'c;y"wa”kee Composite .75 050 50 10707 25.0 7.9 187 192 79 81 1.95 19
EL?:;b’:T::';'r:"”W"’“kee Composite .75 085 50 156 105 6.6 63 213 32 163 10 19
Floor panels - TODCO Pylymetal Panel 50 595 66.9 9.0 126 1160 70 13 0 19
Floor panels/partitions - Rail Tech Plymetal Panel 50 655 60.5 9.0 157 1095 67 79 0 19
;gi;cem Light Diffuser Lens Bathroom - Lexan 3 35 164 28.4 90 867 57.8 27 472 220 155.8 82 751 14 19
(FSZST)_TE?ET open cell (melamine resin) 25 50 4 23 43 26 1.1 9.7 50 17 37 34 26 1.23 19
Foam - Polydamnp Low Emissivity (PLE-0125) 3 50 - 13 39 - 34.8 -- 32 1642 8.3 19 130 0 19
FRP - Dimension Composite 3mm 3 50 48 45.9 34 455 40.7 19.5 368 63 128.1 100 875 **0 19
FRP - Dimension Composite IFRL Polyester Resin 4 50 60 86.8 46 881 69.0 17.4 161 118 100.8 78 469 2.5 19
FRP - Flexfab 1006 5 50 - 12.9 4 - 8.7 -- 15 1205 1.6 5 220 0 19
FRP - NJB Project FRP Samples 4.5 50 61 69.8 60 899 77.7 18.6 156 480 130.5 93 940 30 19
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® | R R Bl 7 R L R
***BL- FlTime
FRP - Silicone Reinforced Flexfab DF-2010 1.23 50 31 15.4 25 1231 8.2 21.4 157 - 23.88 39 - 5 19
FRP - Testori 1/8" Nominal Thick 3.5 50 42 59.9 54 631 49.8 15.5 151 135 123.5 85 625 10 19
FRP - Victall 10 50 51 115.2 42 1403 137.0 24.9 222 93 127 142 472 **0 19
FRP & Gelcoat - (ETERSET 2910PTl+gel-coat
A40OTV-F+Taishan Fiberglass) 4 50 61 67.0 43 900 39.0 12.1 117 365 77 74 496 314 19
FRP Laminate - Console Assembly 3.5 50 36 535 43 584 57.7 19.0 223 185 158 99 965 23 19
FRP Laminate - Dimension Composite 2.5 50 50 429 52 472 35.2 14.9 179 75 105.4 75 496 25 19
FRP Laminate - Dimension Compsite FRP 3 50 53 55.5 47 467 42.6 16.7 190 77 1235 91 671 18 19
FRP Laminate - End Bonnet 2.6 50 79 - - 452 31.6 15.7 155 - 94.5 96 908 34 19
FRP Laminate - End Cap Fibertech 3.7 50 88 62.5 42 - 17.5 7.0 116 265 58.04 62 175 10.36 19
FRP Laminate - End Roof Cap 3.5 50 37 50.5 45 568 53.1 18.8 257 193 155.9 94 966 13 19
igg;am'”ate - Passenger Seat Shell, Blue Series 4 50 52 66.8 50 694 60.7 17.5 229 175 | 1503 87 846 23 19
FRP Laminate - Performance Fabrication 9.5 50 34 166.3 61 1312 102.6 14.3 137 55 100 102 541 11.94 19
FRP Laminate Composite - FRP+Resin
#5764A00200+Tedlar Indura GT from CMR 7311- 50 39 71.4 20.4 259 250 92 863 19
D
FRP Laminate Material - 1/4" FRP with Gelcoat 50 86 99.5 18.8 192 593 108 805 10 19
FRP Laminate Material - 1/8" FRP with Gelcoat 50 63 51.4 17.9 244 238 100 866 15 19
FRP Laminate Material - FRP with Gelcoat (Coosa 50 71 118.8 19.0 188 o5 o8 238 15 19
Core)
FRP La.mmate Material - Gelcoat FRP Endcap 50 55 88.0 18.4 139 472 85 533 30 19
Material
FRP Material - Permaglas MP 270 50 145 162.3 18.8 97 168 55 136 19
FRP Window Mask Laminate - Series 160-1 3.2 50 38 42.6 52 474 38.0 17.1 245 88 117.5 87 937 32 19
FRP, Gelcoat, & Foam - (ETERSET 2910PTl+gel-
coat A400TV-F+Taishan Fiberglass+foam Diab P- 10 50 138 129.2 40 1500 73.0 13.1 113 478 67 73 433 31.25 19
100)
Gasket - anti-squeak - Argus Industries .375 9.8 50 1 15.1 45 255 95 16.8 57 63 30.9 a1 388 9 19

closed cell sponge SCE41NEO
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) (kW/m?) (sec) (g) (%) (sec) (MJ/m?) (MJ/kg) (kW/m?2) o) (kw/m?) | (kw/m?) (m?/kg) 2 burn Longth
***BL- Fl Time
asker - anti-squeak- Nishiyama corp americal 10 50 47 1685 0 922 728 99 104 a3 83 86 982 w1 19
Gasket - AP Armaflex Sheet (AS-6073-46) 12.5 50 1 6.9 74 95 8.2 16.5 202 10 0 86 402 5 19
Gasket - REIFF EPDM 13 50 8 89.0 47 2078 162.6 345 217 78 141 79 540 **18.1 19
Gasket - Silicone BF-1000 26 50 13 53.3 20 1007 67.8 55.1 131 32 102.9 68 201 20 19
Gasket Filler/anti-squeak - ProFlex 35-AA with 20 50 26 319.0 40 3468 248.3 213 135 45 75.8 71 438 15 19
adhesive
Gasket Filler/anti-squeak - ProFlex Flex 35 Rubber 50 33 1435 18.7 143 763 86 894 **1.2 19
Gasket Light Fixture - Luminator Self-Adhesive 50 4 05 15.4 2 13 19 57 15 19
Neoprene Foam
Glazed Rubber for Windows - #24051 rubber, 27 50 92 465.1 84 3508 1224 16.4 81 123 415 35 417 %14 19
nominal 1" thick
Glazed Rubber for Windows - 24051 22mm thick 22 50 54 374.7 77 3546 226.0 26.2 119 1248 59.4 64 749 **0.5 19
Glazing and door nose rubber - SAS Neoprene 26 50 110 456.3 9 1161 53.0 12.8 104 142 58.5 42 371 433 19
Compound 24045B
Glazing Protective Film - 3M Film 1004 6.2 50 46 148.1 4 210 12.2 19.4 193 65 27.3 58 494 5 19
Glazing Rubber - Centeral Sales & Service 125 50 56 200.2 59 2188 165.0 18.6 148 72 85 75 577 *+16 19
#RC94701
Glazing rubber - Nishiyama FCB-T24 50 53 724 14.5 174 385 85 821 **1.2 19
Glazing rubber - ProFlex Silicone 35 1.8 50 36 27.9 38 361 225 20.9 205 113 74.6 69 693 **1.3 19
Glazing/door nose rubber - Delford Rubber -
Compound 67271LS 50 41 160.4 17.1 135 528 54 542 0.1 19
Heater Insulation (HVAC) - Permaglas MP 270 50 145 162.3 18.8 97 168 55 136 19
Honeycomb Panel - 3/8" Aluminum Honeycomb 9.4 50 65 516 16 257 12.8 15.4 129 135 42.7 67 430 0 19
Sandwich Panel
HPL Board - Victall (Interior Panels) 1.2 100 6 19.2 12 192 25.2 14.6 - - 78.96 114 - Pass 19
HVAC Fiberglass Housing - " with Cook gel coat
944-AALAA 35 133 489.0 15.3 221 143 437 19
Insulated Flexible duct - Flexible Technologies 5.4 50 14 71 18 30 05 59 49 % 16 31 47 ) 19

Model MK-C
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'r?:t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tst:sct) dw/m) | gewsme | (M) | Bur:':mh
ok BL - FlTime
'ng;éaégg\\/’\g;e/;\,ﬁo'(’up Wire MIL-W-16878/4 50 657 105 3.4 45 698 34 11 19
Insulating Wire - Polyrad XT 12 AWG 125° C 6 50 64 155.6 20 505 60.2 19.9 214 263 172.9 138 1175 19
Insulation - Armflex Insulation 6mm 50 2 6.7 19.1 96 5 51 335 19
Insulation - "KN110 2" KNAUF 5712 50 - 25.5 - 19 1418 9 - 15 19
Insulation - "KN110F 2" KNAUF 5712+FSK 50 - 9.7 -- 11 1193 5 - 2.5 19
Insulation - AF 110 FSF 50 - 2.6 -- 6 1255 1 - 19
Insulation - AF 110 FSK 25.4 50 -- 6.4 22 -- 2.8 -- 3 740 0.6 2 -- -- 19
Insulation - Aluminum Faced BASOTEC 50 - 14.0 - 19 1528 9 - 19
Insulation - AP Armflex Insulation 14 50 1 9.3 64 201 12.8 19.0 131 18 48.81 68 519 5 19
Insulation - Armaflex NH-Closed Cell Rubber 13.38 25 105 9.7 11 165 15 5.2 24 28 4.87 8 - **0 19
Insulation - Artik 1" Fiberglass Insulation Board 25.4 50 DNI 11.0 57 - - - - - - - _ 0 19
Insulation - BASOTEC Isolator 50 - 16.2 - 19 1528 9 - 1 19
Insulation - Carbowool-Isulfrax SF 20 50 - 17.9 2 - 41.0 - 53 1535 2.4 23 - 2 19
Insulation - Cellofoam F800AC6-01 133 50 0 82.9 0 0 - -- - - -- -- 326 0.4 19
Insulation - Certain Teed Ultra Duct Black 25.4 50 - 18.7 - - - - - - - - - 0 19
Insulation - GPO3 6.3 50 136 115.4 53 1257 80.9 15.1 137 160 85.5 64 384 2 19
Insulation - Knauf KN 1.5#/Polyfail 5235 24 50 - 9.8 7 - 19.6 - 24 1785 3.8 11 4961 0 19
Insulation - KNAUF RPL, 3#, faced with FSK 25.4 50 - 12.0 10 - 0.3 -- 3 8 0.3 0 - 2 19
Insulation - M22785/6B-12-9 50 217 87.1 16.8 254 423 181 3 19
Insulation - Moniflex 19 50 9 2.5 99 22 3.7 13.8 429 20 0 63 84 0 19
Insulation - NOMACO Kflex LS Insul tube/sheet 1" 25 50 1 15.9 75 267 20.7 17.2 121 8 62.1 80 44 6 19
Insulation - Polar SG25 w/ Al Cloth 25.4 50 DNI 15.6 8 - 0.3 -- 3 505 -- 0 - 1 19
Insulation - Poltrat XT Wire Insulation 50 64 60.2 19.9 214 263 138 1175 19
Insulation - UMBI Sample 3-2 50 - 2.4 -- 5 750 1 - 2.25 19
Intercar Diaphragm - Pro-Flex Rubber 35-AA 50 26 83.1 20.5 188 302 84 645 **1.0 19
Interior lining (phone cabinet) - Deflex FRP 45 50 64 724 52 768 62.9 16.4 173 9 114 82 539 3 19

composite 4.5mm
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® [ R R Bl 7 R L R
***BL- FlTime
Interior linings - Bayer Bayblend MTG-Ag 3.2 50 80 46.3 55 1124 68.3 23.8 170 160 124 162 580 10 19
Interior linings - EL Ikr partition - Testori 12.5mm 125 50 45 160.7 23 985 21.0 6.2 90 55 436 2 38 4 19
mel/plymetal + Haysite
Interior linings - moldings - GE Ultem 9076 3 50 78 409 67 1806 76.0 286 81 185 625 a4 352 2 19
(extruded)
Interior linings - Testori 3/8 alum. H/C panels 50 65 12.8 15.4 129 135 67 430 1.5 19
Interior linings - Testori FRP directional reinf 1/8" 3.6 50 63 56.2 51 575 51.4 17.9 244 238 153.6 100 866 15 19
'O”tlezrs",’,' linings - Testori FRP panels IC-315 resin 3.2 50 2 62.1 40 684 49.0 189 126 9 102.3 71 596 2 19
Interior linings - Testori Mel/al faced plymetal 50 69 294 104 187 483 71 16 ) 19
12.9mm
Interior linings - Testori Mel/al/al faced plymetal 50 68 455 10.7 230 397 83 271 1 19
10mm
Interior linings - Testori Tedlar GT form 20 on IC
315 FRP 0.125"/Bostick 50 61 77.7 18.6 156 480 93 940 30 19
puertor linings - Texstars Phenolic composite 3 50 80 32 52 793 46.1 219 229 100 | 1028 64 466 15 19
IFr:;csnor linings - window masks - ADS Composite 50 38 38.0 171 245 88 g7 037 32 19
Interior Panel - Mel/al-al/ho-al 9.3 50 37 44.6 - 142 20.3 19.9 316 115 77.9 78 519 0 19
Inter|or Panels, Seatlng Components - Texstars 50 80 26.1 21.9 229 100 64 266 15 19
Phenolic/FRP Composite
Laminate - 1/4" FRP w/ Gelcoat 7 50 86 110.2 47 1005 99.5 18.8 192 593 129.8 108 805 10 19
Laminate - 1/8" FRP w/ Gelcoat 3.6 50 63 57.1 51 575 51.4 17.9 244 283 153.6 100 866 15 19
Laminate - Composite Panel Solutions-HPL
Laminated BBX Fir Plywood (Elec Locker) 13 50 107 101.4 44 818 21.8 4.4 57 428 30.58 32 223 1.34 19
Laminate - FRP w/ Gelcoat (Coosa Core) 11.5 50 71 125.2 51 1284 118.8 19.0 188 95 157.9 98 838 16.5 19
::’;‘)ate - HPL M964/Type 964 (High Ceiling 23 50 35 56.8 7 90 5.1 133 273 52 0 90 97 0 19
Lens Material - MAKROLON 1143 50 67 59.4 21.3 535 117 85 803 19
Lexan - Thin Gage Polycarbonate Material 2.3 50 61 27.5 86 463 483 20.4 445 118 150.1 121 751 25 19
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'r?:t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tst:sct) dw/m) | gewsme | (M) | Bur:':mh
ok BL - FlTime
:fste::::ﬁlzzd caps - GE Ultem 1010-1000 3 35 332 40.0 55 674 335 21.0 110 588 50.6 50 313 1 19
Light lens - Lexan 153 2.6 50 68 32.0 80 314 33.2 14.0 350 125 110.47 133 134 16.21 19
Light lens - Makrolon 1143-1124 50 75 70.8 23.6 382 362 97 1005 7 19
Light lens - Makrolon 1243 3 50 72 38.6 89 632 79.4 23.2 445 188 224.6 145 880 9 19
Light Lens - Makrolon 3227-550122 3.5 50 111 34.0 92 877 72.6 22.2 526 188 205 95 831 86.84 19
;igr;i_qigz)og‘ess?ﬁke“) - Polycarbonate Ultem 35 332 335 21.0 110 588 50 504 1 19
rL:i’i?r:ng Tape Foam - Self Adhesive Neoprene 50 4 490 15.4 2 13 19 57 15 19
LLEPM HPPL decal - HPPL floor marking material 50 20 19.9 22.2 441 48 53 808 *1.1 19
Locker Lining - Haysite 50 130 62.6 12.6 159 135 35 646 12.63 19
Microphor Toilet Seat - #94354 6.5 50 44 102.8 96 2123 148.3 15.2 181 517 1293 71 2 20 19
Neoprene - 60 Durometer RC94613 12 50 29 160.3 48 3600 237.2 28.8 238 53 91.6 67 659 **2 19
Neoprene - 65 Durometer 99650TNE 25.83 50 31 395.3 25 3600 160.0 14.6 129 43 60.54 73 222 **0.3 19
Neoprene - 70 Durometer Protac C70S0608-1 25.52 50 66 393.6 3 308 11.3 9.0 71 105 -- 52 1 **0.5 19
Neoprene - 70 Durometer RC94701 125 50 56 200.2 41 2244 165.9 18.6 148 72 85 75 765 27 19
Neoprene - CR Compound 240458 26 50 110 456.3 9 1271 53.0 12.8 104 142 70 42 638 **0.6 19
Neoprene - Proflex Flex 35 AA 11 50 80 166.5 27 2497 161.6 33.1 100 718 59.5 67 367 **0.9 19
Neoprene - SAS Rubber 24051 26 50 71 454.5 18 3600 181.4 19.6 125 105 63.2 51 765 7.4 19
Neoprene Closed Cell Rubber Strip 17 50 5 65.7 58 573 44.5 15.7 236 - 126.53 -- 2578 **18 19
Neoprene Foam - 3/16" Closed Neoprene Sponge 6 50 1 34 65 36 2.7 12.3 106 18 9.2 79 115 65 19
FN::rzre"e Foam Tape - Self-Adhesive Neoprene 15 50 4 3.8 20 26 0.5 15.4 24 13 18 19 346 15 19
Neoprene RC94613 12 50 29 160.3 47 3571 237.2 28.8 238 53 91.6 67 542 **2.0 19
22‘\’/' F,C::;Zi:tzzb\r/ii;;luni“’ya' Phoenix PH-65 13 50 1 8.8 65 60 7.4 126 286 13 24.8 128 257 11 19
Operator Console Panels - 1C-315 50 53 226 16.7 190 77 o1 671 18 19

polyester+fiberglass+SCFR Gelcoat
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E162 Flame

Peak Time Av; Av; Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MI/k Test m2/k " CRE
(mm) | (w/m?) | (seq I B R A e s A L
**%BL- FI Time
Paint - Haysite GPO-3 Panel 50 136 80.9 15.1 137 160 64 369 2 19
Paint - Sico Epoxy system 50 61 57.1 25.1 312 147 178 674 65 19
Paneling - Plymetal Panel 50 655 60.5 9.0 157 1095 67 79 0 19
E:::S"”g -TODCO /8" BBCore w. Stainless Steel 16 50 490 157.4 43 1330 67.1 9.9 145 1045 | 686 80 47 - 19
Paneling - TODCO PlyMetal Panel, 0.67" Thick, 5 17.5 50 595 185.0 40 1547 66.9 9.0 126 1160 64.1 70 13 5 19
ply plywood core, 0.016" SS Faces
Panels - 3/8" Melaminium Control #33846, Bond 9.8 50 29 85.1 58 529 336 7.8 137 333 61.1 66 - 12.24 19
Hatch E6425
Panels - Aluminum Honeycomb Ceiling Panel 9 50 62 52.8 23 457 2144.0 16.9 154 188 68.28 55 398 1 19
Plastic Sheet Material - Kydex-6200LT RB10-29-1 50 35 402 135 174 45 80 431 255 19
Plastic Sheet Material - Kydex-6200LT RB10-29-2 50 57 39.7 136 199 70 90 434 17.23 19
Plastic - Kydex 5200 Laminate-Cab Sun Visor 1.2 50 28 - - 362 43.2 10.2 258 - 138.2 202 1344 **0 19
Plastic Material - PCS/PCSL 4 50 57 423 94 388 100.3 24.9 642 213 329.9 263 224 5 19
Plug+Recepticle Connectors - Veam SRL 50 33 65.1 26.1 168 65 62 6 19
Compound 55/1
Plymetal Panel -5 Balanced Melamine Plymetal 12.9 50 69 101.0 49 763 49.4 10.4 187 483 77.4 71 16 2 19
Sandwich Plate
g;ygfta' Panel - 3/8" Thick Plymetal Sandwich 10 50 68 94.9 48 620 455 107 230 397 87.2 83 21 12 19
Plywood - Dricon Douglas Fir Plywood 35 34 433 8.8 101 540 38 5 4.1 19
Polyamide - EBM Industries-Impeller for R1G220- 2.7 50 ) 314 68 668 58.1 236 267 63 151.9 174 608 *%6.5 19
AB35-92
Polycarbonate - Lexan 90316 35 164 57.8 227 472 220 82 751 15 19
Polycarbonate - Makrolon 1143-1124; Nominal 6 50 75 74.1 o8 1845 170.8 236 382 362 284.2 97 1005 47 19
thickness 6mm
Polycarbonate - MGM Electric-Cable Ducts 1.2 50 79 18.4 66 467 27.5 21.1 - -- 86.38 125 660 - 19
Polycarbonate - Tuffak CM-2 121 50 94 -- -- -- 290.8 23.6 296 -- 227.1 -- -- 55 19
Polycarbonate Sheet - Lexan 2034 24 50 248 254 72 734 40.8 244 151 280 94.25 119 275 8.58 19
Polycarbonate Sheet - LEXAN MR10 50 146 247.9 266 232 180 72 844 485 19
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) | (%) (sec) | (MI/m? | (MI/ke) | (Tszsct) (w/me) | gewyme) | )|
vl FiTime
Polycarbonate Sheet - Sabic Lexan FRA460 12 50 247 151.1 74 3260 2934 22.9 271 280 1725 97 890 35 19
Polyetherimide - ULTEM 1010 32 50 9% 421 45 752 326 176 107 113 78.9 50 564 5 19
Propulsion box seal - EPDM REIFF gasket material 50 8 162.6 34.5 217 78 79 758 **18 19
(PFQEEE::;) n Case Material - Veam Compound 55/1 3 50 33 456 45 1047 65.1 26.1 168 65 108 62 250 - 19
Pultrusion-Rocking Carshell 3 50 54 65.9 68 473 457 20.0 175 95 123 178 539 6 19
PVC Acrylic - Kydex 6200 LT RB10-11-1 3 50 43 487 59 493 38.1 133 127 70 97 85 518 30 19
:Avai:r?ar}'"c - Kydex 6200 Thermoplastic Sheet 3 50 13 413 84 584 382 11.0 104 83 9% 67 527 4 19
E::::g:zzg g::z::z -1/8" Nominal Fiberglass 50 2 498 155 151 135 85 625 13 19
Rubber - FLEX REV E 17 50 22 302 39 242 17.9 14.7 219 47 59.9 82 990 **17 19
Rubber - TIF02 50 135 77.2 26.4 286 411 127 66 19
Rubber - TM7 Grey 50 135 772 26.4 - - 132 - 19
Rubber Bumper - NK617 50 51 2074 30.9 436 373 112 1341 19
Rubber Cleat - KAM 55 50 21 58.2 13.7 165 232 86 508 85 19
Rubber Cleat - Yasufakee YBF-X02 51 50 2 7874 o1 3578 92,0 137 69 42 418 26 43 0.2in 19
Rubber Compound - 20060 123 50 29 166.0 59 2320 276.1 29.1 317 48 159.3 122 1164 **18 19
Rubber Compound - 24051 Rubber Compound 22 50 54 3719 23 3600 226.0 262 119 1248 59.4 64 749 27.38 19
Rubber Compound - 67271LS 50 41 160.4 17.1 135 528 54 542 19
Rubber Gasket - 65E1376 50 29 199.4 213 153 373 69 966 19
i:g:er Gasket - Emka Gasket 1011-519 EPDM 18 50 6 76.0 53 2149 127.5 30.7 157 33 11 60 334 28 19
(Rvuvzls)f;:\frlfer{tu(:: e’icc)o'.)c"mp"””d #65E1376 13 50 29 186.2 51 2904 199.4 213 153 373 95.2 69 966 %11 19
:;Z':i;lsgf;l‘:s';hAAg:gc"géo'gzl:mV";a corp 50 51 226.4 236 159 77 64 1159 *%1.37 19
Rubber Strips - OP1520 35 30 90.3 221 479 - 280 - 19
Rubber Strips - OP1555 35 54 714 185 420 - 225 - 19
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tst:sct) dw/m) | gewsme | (M) | Ew:':mh
ok BL - FlTime
Rubber Strips - OP685 35 71 73.5 16.9 375 - 225 - 19
Rubber Strips - OP768 35 84 74.8 19.7 439 - 330 - 19
Rubber Strips - OP824 35 24 77.1 18.6 371 - 109 - 19
Rubber Tube - FCB T-23 50 25 47.9 12.2 150 252 66 581 19
Safenife Batery Case - 96-J52-S0661-1 50 97 164.4 26.1 223 425 39 1022 19
Sealant - 3M Fire Barrier CP2510B 13 50 29 146.9 12 3570 129.9 59.0 71 46 50.5 -- 173 15 19
Sealant - RTV 20.01 4 35 95 173.4 9 901 0.5 30.4 211 - -- -- - 30.57 19
Sealant - RTV 5243 35 29 8.5 - 95 - - - - 19
Sealant - RTV GE 5243 23 35 29 24.1 33 257 8.5 17.9 95 - 28.3 95 325 **2 19
Sealant - Scotch-Seal 540 1 50 9 131 86 121 21.8 19.5 469 40 72.8 177 580 35 19
Sealant - Sikaflex 252 3 50 11 32.6 79 347 62.3 23.6 408 92 204 186 632 228 19
Seat (Cab) Bellows - USSC 50 80 105.2 135 87 112 30 485 **0.8 19
zi/zla(t: %;Ter;onents - ADS composites S52-08-25 50 72 37.0 16.8 182 %0 9 581 25 19
?j:rtn(:ushion - Chestnut Ridge LS 200 Neoprene 50 38 10 24 35 110 29 10 5 19
Seat Cushion - Chestnut Ridge Safeguard XL firm 25 50 1 33.6 22 258 8.4 11.5 69 15 28.3 33 52 4 19
,Swe:;ii‘rﬁhion - Chestnut Ridge Safeguard XL 50 50 48 53.2 15 252 7.3 8.6 46 60 321 30 85 14 19
Seat Cushion - LanXess 25 50 58 36.3 66 - 72.6 25.9 - - - 370 1020 **0 19
Seat Cushion - MFI 8055 Silicone Foam 24 50 5 - -- - 18.7 51.1 - - 27.1 -- 42 233 19
Seat Cushion - MFI Silicone foam MFI 6535 50 35 8 46.5 7 400 18.3 -- - - -- -- - 15 19
Seat Cushion - MFI Silicone foam MFI 9075 50 5 18.7 51.1 44 27 42 19.3 19
Seat Cushion - Recaro FR Foam/FRX Foam 26.3 50 11 27.4 91 526 28.7 11.9 128 38 67.12 56 498 51 19
|S:(e’:thushion - Safeguard XL Firm Cellular Silicone 50 50 4 79.4 21 _ 12.0 6.7 2% 75 23 20 160 03 19
ZZELE:SS:?CZ;]:E]FTE;&]M XL Medium MF 1-55 26 50 9 27.3 23 665 383 56.3 128 20 93.4 58 a1 25 19
Seat Shell - KTK Group 3 50 77 58.8 55 435 47.0 -- 199 120 -- 85 214 19.65 19
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® [ R R Bl 7 R L R
***BL- FlTime
Seat Shell - Kydex 6200 Thermoplastic Sheet 50 13 38.2 11.0 104 83 67 527 4 19
Seat Shell - Kydex 6200LTR Thermoplastic Sheet 32 50 45 62.7 58 794 615 15.7 131 55 109.4 82 434 15 19
(PVC/Acrylic)
Seat Shell (back) - Multina Tedlar covered FRP
5764A00200 resin 35 50 39 47.2 70 816 71.4 20.4 259 250 184.2 92 863 35 19
Seat Shells - ADS Composite FRP 50 52 60.7 17.5 229 175 87 846 23 19
Seat Shells - Boltaron 4800 thermoplastic sheet 50 24 1.2 4.0 85 30 54 41 3 19
Seat Shells - Dimension Composite 3 mm FRP 50 53 26 16.7 190 77 01 671 3 19
panel
Seat Shells - Kleerdex 6200LTR 50 57 39.7 13.6 199 70 90 434 17 19
Seat Shells - Protectolite FR Fiberglass 50 71 27.5 12.3 142 95 81 636 10 19
Seat Suspension - Entransit 0.9 50 21 3.7 94 76 6.2 14.8 354 40 0 76 652 5 19
Seat Suspension - Mass Transit Seating-Entransit 25 76 4.1 11.5 150 95 60 258 2.3 19
Sea.t Suspension material - Entransit - Royersford 50 17 a4 111 219 18 50 358 *%%9 50 19
Springs
Seat Upholstery - Holdsworth 85/15 FAR treated .
1001 Quality Matl 50 17 11.1 13.5 354 33 142 171 1.7-6.6 19
iiztﬁlrj]gh"'swy - Holdsworth Vigor with FR Back 4 50 28 8.9 93 79 11.0 145 355 50 0 132 358 #2175 | 19
Seat Upholstery - Lantal 90/10 wool/nylon 50 9 5.5 14.7 198 27 84 102 *¥**1.5"-0 19
Seat Upholstery - Lantal 95/5 wool/nylon 50 10 4.9 14.1 139 32 63 136 *¥*%2.1"-0 19
Seat Upholstery - Morbern Ambassador ULS- **%1.66 -
LOTTE-DK. Blue 1 50 4 8.2 63 66 7.1 13.8 201 15 24 114 245 0.33 19
Seat Upholstery - Morbern Diplomat ULS Doeskin 07 50 6 81 87 55 6.5 113 227 2 21.9 120 165 *x%47_5.8 19
#434765
Sea't Upholste'ry - Morbern M-432 Micro B-Lock 50 ) 79 124 225 15 126 278 19
Moisture barrier
f/?:;IUpholstery - Naugahyde-Uniroyal PH-64 50 2 6.7 12.1 262 10 112 239 **%4.2"-1.0 19
Seating Foam - Chestnut Ridge Foam CR 50 1 8.4 115 69 15 33 52 4 19

Safegaurd
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E162 Flame

Time
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Ave. Ave. Smoke Spfead
Sample ID ness Flux Ignition Sample Burned out Released HOC l:'l'tls‘t- Peak - 33:2;: Hlers{t- SEA Raflng, I Ref
(mm) | (kW/m?) | (sec) | Mass(g) (%) (seq) (Ms/m?) | (MI/kg) |y (Tszsct) dw/m) | gewsme | (M) | Eur:':mh
ok BL - FlTime

Sign (electronic lens - Ge Lexan coated thin gage 23 50 61 27.6 87 463 48.3 20.4 445 118 150.1 121 751 25 19
polycarbonate 0.093"

Sign face plate - Polycarbonate/Lexan 50 88 152.3 21.4 270 130 52 854 60 19
Silicone - Device Tech M0400-04 2.7 50 46 343 27 330 30.8 33.8 310 148 103.32 109 1175 **0.8 19
Silicone Foam - Bisco HT800 (Gray) 6 50 30 -- -- 635 26.3 32.1 111 -- 62.2 74 314 23.4 19
zw;‘l’;iz:;" Seating - KYDEX 6200LTR Ref. 50 45 61.5 15.7 131 55 82 434 15 19
Silicone Impregnated Fiberglass - BOM 1019 1 50 26 16.9 10 183 7.8 31.1 163 48 0 44 1025 5 19
Silicone Material - RTV 5229 Silicone 50 - - - 66 292 - - 3 19
Silicone Rubber - Silicone 35 50 36 22.5 20.9 205 113 69 693 19
Silicone Rubber Sheet 1.5mm 15 50 15 21.9 44 293 30.1 37.4 206 - 100.5 95 - **%14 - 900 19
Silicone Rubber Sheet 6.6mm 6.6 50 37 90.1 32 1498 117.9 39.0 159 - 121.7 72 - **%13.6 - 900 19
SMC Composite Panel - $52-08-25 SMC (Blue) 3.2 50 72 59.8 35 474 37.0 16.8 182 90 114.9 92 581 25 19
Standard Edge Gasket - P/N 559.109 50 5 40.9 15.4 225 - - - 19
Tape - PLAS7NE 1 50 29 4.8 92 132 6.9 15.5 297 46 23.1 68 232 3 19
Teflon Insulation Wire - M22758/6B-12-9 50 217 87.1 16.8 254 423 181 3 19
Thermal Insulation - Armaflex piping insulation 12.7 50 2 8.9 48 141 6.7 15.5 72 33 22.6 49 248 5 19
Thermal Insulation - Basotech Aluminum Faced 13.2 50 - 2.8 36 - 16.2 - 19 1528 2.1 9 - 1 19
Thermal Insulation - Carbwool-Insulfrax FX 50 - 41.0 - 53 1535 23 - 2 19
Thermal Insulation - Isofab Cerwool FST 50 - 33 - 6 1368 2 - 5 19
ngc_elr;r;al Insulation - ISOFAB Fiberglass Insulatioin 50 1 19
;2§1r_n;?;;?sulation - Johns Manville SG Series 50 B 03 N 3 505 0 - 5 19
Thermal Insulation - Knauf Ecose (fiberglass) 24 50 - 9.8 7 - 19.6 - 24 1785 3.8 11 75 0 19
ggz:r;al Insulation - Owens Corning 475 Duct 2% 50 ~ 214 9 ~ 02 __ ) 1110 01 0 ~ 1 19
Thermal Insulation - Rockcell Foam for stainless 50 ) 63 132 105 237 10 19

door cores
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® | R R Bl 7 R L R
**+BL- Fl Time
Thermocouple Material - VAM 50 26 25.2 22.4 344 48 54 149 17 19
Thermoplastic Material - KYDEX 6200 50 13 38.2 11.0 104 83 67 527 4.5 19
Thermoplastic Material - KYDEX 6200LTR 50 43 38.1 13.3 127 70 85 518 25 19
Thermoplastic Material - PCS 50 21 213 26.7 448 47 105 227 14.3 19
Thermoplastic Sheet - Bayblend MTR AG 3.2 50 80 46.3 55 1124 68.3 23.8 170 180 124 133 580 10 19
Toilet module - Testori FRP Direction reinf 1/4" 7 50 86 111.3 48 1005 99.5 18.8 192 593 129.8 108 805 10 19
Toilet module - Testori FRP directional reinf 115 50 71 123.9 50 1284 118.8 19.0 188 95 157.9 98 838 15 19
11.6mm Coosa Core
Toilet Module Floor - Gelcoat FRP Endcap 50 50 65.8 16.4 138 103 69 562 9 19
Material
Toilet module M8 - Testori Derkane 441-400resin | 5 g 50 53 63.9 57 612 58.6 17.0 232 275 164 86 785 25 19
18/08 bi-acial fabric
Toilet seat - Pressalit A/S Duroplast 50 44 148.3 15.2 181 517 71 2 20 19
Toilet Sink Counter top - SAFA Granicote FRP 17 50 59 3237 35 2940 2235 20.0 213 85 113.9 78 658 10 19
17mm Thick
Toyo Rubber Parts - Natural Rubber 50 29 293.6 28.7 594 517 180 849 19
Truck A'|r Spring - 201C Airspring Firestone 50 2 159.4 24.0 204 377 153 1285 *%13 19
Industrial products
Truck Chevron Spring - Trelleborg Ind. TIAVS-
32X60 Rubber material 50 21 495.2 33.1 445 38 138 1254 19
Truck cleat - KAMS5 Rubber material - Nishiyama 50 21 58.2 13.7 165 232 86 908 **2.3 19
Truck/coupler elastomer - GMT Belgium Rubber
Strips OP 685 35 72 71.0 16.2 369 - - 813 18 19
U/F box Fovers - Dimension Composite 2.5mm 50 32 341 16.1 209 45 71 683 19
FRP Laminate
;’Sss:r'“r Cable Cleat - YBF-X02 Extruded 51 50 2 797.4 91 3578 92.0 13.7 69 42 418 26 314 %402 19
fl leat Blocks - Haysite Reinf
:23;2 oor Cleat Blocks - Haysite Reinforced 6.1 50 130 1043 52 1055 626 126 145 155 | 8453 35 66 123 19
Upholstery - Ambassador ULS-LOTTDF-DK Blue 1 50 4 8.2 63 66 7.1 13.8 201 15 24 114 245 19
Upholstery - P/N 296032 Vinyl Material 1 50 2 9.3 70 72 8.6 12.9 241 15 28.9 124 296 **2.8 19
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E162 Flame

Peak Time Av, Av, Spread
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. of 8. 8. Smoke p.
s HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
mm kW/m? sec Mass % MJ/m? MJ/k Test m2/k " CRF
(mm) | (W/m?) | (sec) ©® [ R R Bl 7 R L R
***BL- FlTime
Upholstery - P/N 296041 Vinyl Material 1 50 2 9.2 68 65 7.9 12.4 225 15 26.5 126 278 **2.5 19
Upholstery - Phoenix PH-64 Perforated Vinyl 13 50 1 8.8 65 60 7.4 12.6 186 13 24.8 128 257 **3 19
Upholstery - Ambassador ULS Ambass Nu 1 50 6 8.3 80 76 7.9 125 310 20 39.4 110 357 **4.4 19
Imperial Blue
Upholstery - Holdsworth Velvet 4 50 24 9.0 83 137 10.0 14.9 275 55 - 87 270 - 19
Uphol'?'tery Fabric - FAR Treated 1001 Quality 50 17 111 135 354 33 142 171 19
Material
UTR Glass - Glastic Grade 1130 6 50 109 112.0 46 1330 78.8 15.6 169 142 77.2 59 273 12 19
Weather seal - Luminator Self-Adhesive 50 4 05 15.4 2 13 19 57 15 19
Neoprene Foam
Window Glass - Window Composite 50 70 234 236 242 165 85 307 33 19
:I’;ZSOW glazing - Cab Windshield, 9/16 safety 50 181 85.6 262 466 287 158 190 64 19
Window glazing - GE Lexan MR10 Polycarbonate 50 146 247.9 26.6 232 180 72 844 50 19
Window glazing - GE MR5E Optical Quality Sheet 50 144 379.0 31.7 268 983 110 971 55 19
W|nd(3w glazing - Palgard TG Polycarbonate 20 19
0.460
Window glazing - Passenger safety glass 1/4" 50 70 23.4 23.6 242 165 85 307 33 19
Window glazing - Tuffak CM-2 AR Polycarbonate 50 290.8 23.6 296 15 19
sheet
Windshield Glass - Windshield Composite 50 181 85.6 26.2 466 287 158 190 16 19
Wire - 1/C #16 AWG Exane- 15 50 36 8.4 7.9 208 62 112 - 19
Wire Insulation - Bach-Simpson Belden wire 50 657 105 34 5 698 34 11 Pass 19
#83005
\E’V“'A'el (')T“'a“"" - Huber & Suhner-Radox E1 109 22 50 58 35.0 53 590 37.8 18.4 158 85 101.56 126 101 Pass 19
Wire Insulation - Polyrad XT-TX 12 AWG 3.2 50 91 94.1 19 258 9.7 5.6 104 128 33.63 55 189 Pass 19
Wire Insulation - Polyrad XT-TX 12 AWG 3.7 50 34 101.2 19 253 33.2 15.2 281 95 108.42 98 1115 - 19
Wire Insulation - Polyrat XT Wire Insulatioin 50 64 60.2 19.9 214 263 138 1175 Pass 19
Wire Insulation - PTFE Teflon ABR Exane 22 50 346 82.4 33 301 376 14.5 144 425 89.7 77 264 Pass 1'6" 19

M22759/6
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Time E162 Flame
Thick- Heat Time to Initial Percent Flame- Total Heat | Avg. Eff. Peak of Avg. Ave. Smoke Spfead
. HRR - HRR - HRR - Rating, I
Sample ID ness Flux Ignition Sample Burned out Released HOC Test Peak - 300 sec Test SEA Ref
2 2 2 * CRF
(mm) | (kW/m?) | (sec) | Mass(g) (%) (sec) M/m?) | (MI/ke) | w/m?) (Tszsct) tw/m?) | Gowsme) | R
***BL- FlTime
Wire Insulation - Rockbestos-Exane 1068A 46 50 31 84,5 48 152 29.1 7.6 373 125 | 103.81 173 69 Pass 19
Irradiated Cross Linked Polyolefin
Wire Insulation - Rockbestos-Suprenant Exane - 50 47 44.0 53 300 34.5 - 208 102 114 141 670 Pass 19
Wire Insulation - RSCC-1/C 12 AWG Teflon 22 50 346 82.4 33 647 376 145 144 425 79.25 94 264 Pass 19
M22759-6
Wire Insulation - Teflon Insulation Wire
M22758/68-12-9 6 50 217 183.6 28 707 87.1 16.8 254 423 179.6 181 3 Pass 19
Wire Insulation - Tefzel 1.25 50 43 39.3 29 90 8.1 7.3 214 75 27.2 91 257 Pass 19
A.3. Heat Release Rate Data: Room Corner, Mockup, and Furniture Calorimeter Tests
The following table contains the heat release rate data from room corner, mockup, and furniture calorimeter tests.
Table A 3. HRR Data from Room Corner, Mockup, and Furniture Calorimeter Tests
Peak HRR Avg. HRR . .

Sample ID (kW) (kW) Test Configuration Ref.
Double Seat 599 325 Furniture Calorimeter (Free burning) 7
Double Seat 623 388 1ISO 9705 Room Test 7
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre (250g/m”2), . . .
Polyurethane foam (50 kg/m”3) See Product Description Tab - C01 - not vandalized 67 108 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre (250g/m”2),
Polyurethane foam (50 kg/m”3) See Product Description Tab - C01 - Vandalized Level 1 [a cut (cross 9.9 162 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
shape) on the back and on the seat]
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre (250g/m”2),
Polyurethane foam (50 kg/m”3) See Product Description Tab - C01 -Vandalized Level 2 [a cut (cross 100.2 207 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
shape) on the back and on the seat and the fabric (cover and interliner) pulled away from the foam.]
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre (250g/m”2),
Polyurethane foam (50 kg/m*3) See Product Description Tab - C01 - Vandalized Level 2 [a cut (cross 90.5 270 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
shape) on the back and on the seat and the fabric (cover and interliner) pulled away from the foam.]
Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre (250g/m”*2), Polyurethane . . )
foam (50 kg/m3) See Product Description Tab - C02 - not vandalized 9.6 192 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
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Sample ID

Peak HRR
(kW)

Avg. HRR
(kW)

Test Configuration

Ref.

Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre(250g/m*2), Polyurethane
foam (50 kg/m”*3) See Product Description Tab - C02 -Vandalized Level 1 [a cut (cross shape) on the
back and on the seat]

8.4

195

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre(250g/m”2), Polyurethane
foam (50 kg/m”*3) See Product Description Tab - C02-Vandalized Level 2 [a cut (cross shape) on the
back and on the seat and the fabric (cover and interliner) pulled away from the foam.]

198.9

414

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre(250g/m*2), Polyurethane
foam (50 kg/m”*3) See Product Description Tab - C02-Vandalized Level 2 [a cut (cross shape) on the
back and on the seat and the fabric (cover and interliner) pulled away from the foam.]

2111

234

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering in simulated leather(250g/m”2), inner layer polyacrylate-armide fibre(250g/m”2),
Polyurethane foam (50 kg/m”3) See Product Description Tab - C03 - not vandalized

10.1

177

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering in simulated leather(250g/m”2), inner layer polyacrylate-armide fibre(250g/m”2),
Polyurethane foam (50 kg/m”3) See Product Description Tab - C03- Vandalized Level 1 [a cut (cross
shape) on the back and on the seat]

40.7

1353

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering in simulated leather(250g/m”2), inner layer polyacrylate-armide fibre(250g/m”2),
Polyurethane foam (50 kg/m”3) See Product Description Tab - C03- Vandalized Level 1 [a cut (cross
shape) on the back and on the seat]

68.4

705

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m"2),
Polyurethane foam (70 kg/m”3) See Product Description Tab - C04 - not vandalized

4.7

93

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m”2),
Polyurethane foam (70 kg/m*3) See Product Description Tab - C04- Vandalized Level 1 [a cut (cross
shape) on the back and on the seat]

4.6

138

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m"2),
Polyurethane foam (70 kg/m”3) See Product Description Tab - C04-Vandalized Level 2 [a cut (cross
shape) on the back and on the seat and the fabric (cover and interliner) pulled away from the foam.]

148.9

525

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*2),
Polyurethane foam (70 kg/m”3) See Product Description Tab - C04-Vandalized Level 2 [a cut (cross
shape) on the back and on the seat and the fabric (cover and interliner) pulled away from the foam.]

199.4

558

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering synthetic fibre(550g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*2),
Polyurethane foam (70 kg/m”3) See Product Description Tab - C05 - not vandalized

18.8

180

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering synthetic fibre(550g/m*2), inner layer polyacrylate-armide fibre (4mm,550g/m”2),
Polyurethane foam (70 kg/m”3) See Product Description Tab - C05 -Vandalized Level 1 [a cut (cross
shape) on the back and on the seat]

200

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner

Seat covering synthetic fibre(550g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*2),
Polyurethane foam (70 kg/m”3) See Product Description Tab - C05 -Vandalized Level 2 [a cut (cross
shape) on the back and on the seat and the fabric (cover and interliner) pulled away from the foam.]

20.1

235

Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
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Peak HRR Avg. HRR . .
Sample ID (kW) (kW) Test Configuration Ref.
Seat covering synthetic fibre(550g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*2),
Polyurethane foam (70 kg/m*3) See Product Description Tab - C05 -Vandalized Level 2 [a cut (cross 19 275 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
shape) on the back and on the seat and the fabric (cover and interliner) pulled away from the foam.]
Seat covering texoid(900g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m”2), Polyurethane 8.7 235 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
foam (70 kg/m”*3) See Product Description Tab - C07 - not vandalized ’
Seat covering texoid(900g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m”2), Polyurethane Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
foam (70 kg/m”*3) See Product Description Tab - CO7 - Vandalized Level 1 [a cut (cross shape) on the 18.3 225 5
back and on the seat]
Seat covering texoid(900g/m*2), inner layer polyacrylate-armide fibre (4mm,550g/m*2), Polyurethane Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
foam (70 kg/m”*3) See Product Description Tab - CO7 -Vandalized Level 2 [a cut (cross shape) on the 341.2 385 5
back and on the seat and the fabric (cover and interliner) pulled away from the foam.]
Seat covering texoid(900g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*2), Polyurethane Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
foam (70 kg/m”*3) See Product Description Tab - CO7 -Vandalized Level 2 [a cut (cross shape) on the 256.8 350 5
back and on the seat and the fabric (cover and interliner) pulled away from the foam.]
Seat covering polyester fibre (600g/m”2), Polyurethane foam (85 kg/m*3) See Product Description Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
. 19.2 225 5
Tab - C08 - not vandalized
Seat covering polyester fibre (600g/m”2), Polyurethane foam (85 kg/m*3) - See Product Description 18.1 215 Furniture Calorimeter (NT FIRE 032) test with 7 kW burner 5
Tab - C08- Vandalized Level 1 [a cut (cross shape) on the back and on the seat] ’
Seat covering polyester fibre (600g/m*2), Polyurethane foam (85 kg/m*3) - See Product Description Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
Tab - C08-Vandalized Level 2 [a cut (cross shape) on the back and on the seat and the fabric (cover 19 250 5
and interliner) pulled away from the foam.]
Seat covering polyester fibre (600g/m”*2), Polyurethane foam (85 kg/m”3) - See Product Description Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
. 19 250 5
Tab -_C08 - not vandalized
Seat covering polyester fibre (600g/m”*2), Seat covering wool/polyester fibre(400g/m”*2) - See Product Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
g ! 25.2 210 5
Description Tab - C09 - not vandalized
Seat covering polyester fibre (600g/m”2), Seat covering wool/polyester fibre(400g/m”2) - See Product 21.8 160 Furniture Calorimeter (NT FIRE 032) test with 7 kKW burner 5
Description Tab - C09 - Vandalized Level 1 [a cut (cross shape) on the back and on the seat] ’
Seat covering polyester fibre (600g/m”2), Seat covering wool/polyester fibre(400g/m”2) - See Product Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
Description Tab - C09 - Vandalized Level 2 [a cut (cross shape) on the back and on the seat and the 15.1 235 5
fabric (cover and interliner) pulled away from the foam.]
Seat covering polyester fibre (600g/m”*2), Seat covering wool/polyester fibre(400g/m*2) - See Product Furniture Calorimeter (NT FIRE 032) test with 7 kW burner
e ? 22.9 170 5
Description Tab - C09 - not vandalized
1 i A i - H 1 A
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre(250g/m*2), Polyurethane 28.6 230 Train-Car mockup under hood, with 7kW burner 6

foam (50 kg/m”*3) See Product Description Tab - C01 - not vandalized
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Sample ID Pe?'l((vv)RR Avg('vv;? R Test Configuration Ref.
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre(250g/m”2), Polyurethane . )

foam (50 kg/m?3) See Product Description Tab - CO1 - Vandalized 214.2 250 Train-Car mockup under hood, with 7kW burner 6
Seat covering knitted velvet(500g/m”2), inner layer polyacrylate-armide fibre(250g/m*2), Polyurethane . .

foam (50 kg/m”*3) See Product Description Tab - C01 -Vandalized 231 230 Train-Car mockup under hood, with 7kW burner 6
Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre(250g/m*2), Polyurethane . .

foam (50 kg/m”*3) See Product Description Tab - C02 - not vandalized 3276 880 Train-Car mockup under hood, with 7kW burner 6
Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre(250g/m*2), Polyurethane - .

foam (50 kg/m*3) See Product Description Tab - C02 -Vandalized 321.8 325 Train-Car mockup under hood, with 7kW burner 6
Seat covering "en drap"(800g/m”2), inner layer polyacrylate-armide fibre(250g/m”*2), Polyurethane o )

foam (50 kg/m*3) See Product Description Tab - C02-Vandalized 3175 255 Train-Car mockup under hood, with 7KW burner 6
Seat covering in simulated leather(250g/m”2), inner layer polyacrylate-armide fibre(250g/m”2), o .

Polyurethane foam (50 kg/m”3) See Product Description Tab - C03 - not vandalized 405 255 Train-Car mockup under hood, with 7kW burner 6
Seat covering in simulated leather(250g/m”2), inner layer polyacrylate-armide fibre(250g/m”2), o .

Polyurethane foam (50 kg/m*3) See Product Description Tab - C03- Vandalized 341.8 365 Train-Car mockup under hood, with 7kW burner 6
Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m"2), . .

Polyurethane foam (70 kg/m”3) See Product Description Tab - C04 - not vandalized 29.6 260 Train-Car mockup under hood, with 7kW burner 6
Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m"2), . .

Polyurethane foam (70 kg/m*3) See Product Description Tab - C04- Vandalized 229.5 370 Train-Car mockup under hood, with 7kW burner 6
Seat covering wool/synthetic fibre(1000g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m"2), . .

Polyurethane foam (70 kg/m*3) See Product Description Tab - C04-Vandalized 249.4 325 Train-Car mockup under hood, with 7kW burner 6
Seat covering synthetic fibre(550g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*2), . .

Polyurethane foam (70 kg/m”3) See Product Description Tab - C05 - not vandalized 203 260 Train-Car mockup under hood, with 7kW burner 6
Seat covering synthetic fibre(550g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m*"2), . .

Polyurethane foam (70 kg/m*3) See Product Description Tab - C05 -Vandalized 273.4 715 Train-Car mockup under hood, with 7kW burner 6
Seat covering texoid(900g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m”2), Polyurethane - .

foam (70 kg/m*3) See Product Description Tab - CO7 - not vandalized 236 235 Train-Car mockup under hood, with 7kW burner 6
Seat covering texoid(900g/m”2), inner layer polyacrylate-armide fibre (4mm,550g/m”2), Polyurethane - .

foam (70 kg/m*3) See Product Description Tab - CO7 - Vandalized 2228 465 Train-Car mockup under hood, with 7kW bumner 6
Seat covering polyester fibre (600g/m”"2), Polyurethane foam (85 kg/m”3) See Product Description 359 270 Train-Car mockup under hood. with 7kW burner 6
Tab - C08 - not vandalized : P '

Seat covering polyester fibre (600g/m”"2), Polyurethane foam (85 kg/m”3) See Product Description . )

Tab - CO8- Vandalized 29 480 Train-Car mockup under hood, with 7kW burner 6
Seat covering polyester fibre (600g/m”2), Polyurethane foam (85 kg/m*3) See Product Description 67 210 Train-Car mockup under hood, with 7kW burner 6

Tab - C08-Vandalized
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Sample ID Pe?'l((vv)RR Avg('vv;? R Test Configuration Ref.
geezzgﬁg;/igrnirllgagq€g;e_r :g{ia(ﬁggﬁgf), Seat covering wool/polyester fibre(400g/m*2) See Product 80.3 260 Train-Car mockup under hood, with 7kW burner 6

geat qoyering polyester fibre (6_009/m"2), Seat covering wool/polyester fibre(400g/m*2) See Product 91.9 215 Train-Car mockup under hood, with 7kW burner 6

escription Tab - C09 - Vandalized
geat qoyering polyester fibre (6_009/m"2), Seat covering wool/polyester fibre(400g/m*2) See Product 376 250 Train-Car mockup under hood, with 7kW burner 6
escription Tab -_C09 - Vandalized

Seating, Carpeting on Wall & Ceiling 4400 515 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 70 763 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 40 140 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 1600 302 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 60 230 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 170 140 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 80 120 AMTRAK Car Mockup with Newspaper Ignition 14
Seating, Carpeting on Wall & Ceiling 90 140 AMTRAK Car Mockup with Newspaper Ignition 14
Trash Bag 259 60 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 28 230 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 124 220 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 58 360 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 97 390 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 100 60 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 145 130 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 132 160 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 217 300 Furniture Calorimeter, 25kW sand burner 13
Trash Bag 184 240 Furniture Calorimeter, 25kW sand burner 13
Coach Seat (fully assembled) 10 50 Furniture Calorimeter 13
Coach Seat (fully assembled) 13 70 Furniture Calorimeter 13
Coach Seat (fully assembled) ~166 200 Furniture Calorimeter 13
Coach Seat (fully assembled) ~88 580 Furniture Calorimeter 13
Lower Bed w/ Bedding + Pillow 640 220 Furniture Calorimeter, 200 kW sand burner 13
Lower Bed w/ Bedding + Pillow 559 210 Furniture Calorimeter, 200 kW sand burner 13
Upper + Lower Bed w/ Bedding + Pillow 718 190 Furniture Calorimeter, 200 kW sand burner 13
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Sample ID Pe?'l((vv)RR Avg('vv;? R Test Configuration Ref.
Wall Carpet on Wall 385 350 Furniture Calorimeter, 50kW sand burner 13
Wall Carpet on Wall 287 250 Furniture Calorimeter, 50kW sand burner 13
Wall Carpet on Wall & Ceiling 801 210 Furniture Calorimeter, 50kW sand burner 13
Wall Carpet on Wall & Ceiling 433 210 Furniture Calorimeter, 50kW sand burner 13
Window Drape - Extended 54 170 Furniture Calorimeter 13
Window Drape - Contracted 113 120 Furniture Calorimeter 13
Window Drape - Contracted 42 100 Furniture Calorimeter 13
Privacy Curtain - Extended 127 180 Furniture Calorimeter 13
Privacy Curtain - Contracted 173 250 Furniture Calorimeter 13
Privacy Curtain - Contracted 161 200 Furniture Calorimeter 13
Window w/ Gaskets, Frame, & Mask 78 190 Furniture Calorimeter 13
Window w/ Gaskets, Frame, Mask, & Drapes 251 290 Furniture Calorimeter 13
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Appendix B.
Cone Calorimeter and Radiant Panel Test Results
Introductory Paragraph

B.1 Radiant Panel Test Record

The following table contains a listing of all radiant panel tests conducted.

Table B 1. A List of All Radiant Panel Tests

Date of Test

Sample Datafile Laboratory (mm/ddlyyyy)

Sample 1 SAMPLE_1_E162 Commercial Testing 12/20/2017
Company

Sample 2 SAMPLE 2 E162 Commercial Testing 12/15/2017
Company

Sample 3 SAMPLE_3_E162 Commercial Testing 12/18/2017
Company

Sample 4 SAMPLE 4 _E162 Commercial Testing 12/26/2017
Company

Sample 5 SAMPLE _5_E162 Commercial Testing 12/20/2017
Company

Sample 6 SAMPLE _6_E162 Commercial Testing 12/18/2017
Company

Sample 7 SAMPLE_7 E162 SGS Govmark 11/16/2017

B.2 Cone Calorimeter Test Record

Seven different materials representative of those commonly used in passenger railcars
were selected for cone calorimeter tests at the JENSEN HUGHES laboratory. The cone

calorimeter test results are presented in this section.
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Cone Calorimeter Test Results

Test Information

=
JENSEN HUGHES

Client: FRANolpe
Date of test: 10/13/2017

Test engineer: Matt DiDomizio

Test standard: ASTM E1345

Ambient pressure (psia): 14.9
Ambient temperature (“C). 24.9
Ambient relative humidity (%): 53.6
Number of specimens: 3

Specimen ID: Sample 1_25

Preparation details: Retaining frame used.

Exposed specimen area (cm?®): 88.4
Specimen bulk density {(g/cm®): 1.293

Crientation: Horizontal
Spacing (mmj}: 60

Retaining frame/grid: Yes
Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test ID Test 1 Test 2 Test 3 Average
Specimen thickness {(mm) 318 318 3.18 3.18
Specimen mass (g) 42 421 41.9 42
Heat flux (KMW/m=) 25 25 25 25
Exhaust flow rate (L/s) 19.28 19.21 19.2 19.23
Time to sustained flaming (s) 355 694 612 554
Time to flame-out (s) 1114 943 g75 1011
Time to end-of-test (s) 1228 1063 1095 1129
Domain of interest (s): 355-1114 694 - 943 612 - 975 554 - 1011
Total mass loss, EOT (g/m®) 1765 520 475 920
Total mass loss, DOl {(g/m®) 1617 330 275 T41
MLRPUA g 10m0% (9/s-m*) 322 0.71 0.5 1.47
MLRPUA g eor (G/s m?) 1.47 057 049 0.84
MLRPUA g poy (/s m?) 214 1.36 0.79 1.43
HRRPUA . (KVW/M?) 152.32 T8.57 69.3 100.06
HRRPUA g s0 (KWWMY 99 97 5583 502 53.6
HRRPUA 4g 180 (KWW/M?) 92.39 3514 5.85 44.46
HRRPUA ;g 300 (KWW/M?) 85.73 21.91 13.32 40.32
HRRPUA g eoT (WM™ 29.88 B.75 565 14.09
HRRPUA 4g pon (KWW/mM?) 46. 56 26.26 14.04 28.95
THRPUAggr (MJ/m?) 36.72 718 6.19 16.7
THRPUARG (MJim?) 35.39 6.57 5.11 15.69
EHC g ot (ki) 20.81 13.78 1304 1588
EHC g 0o (kd/g) 21.89 19.88 18.61 2012
SEAgg eor (M7 k) 1584 .62 1646.57 2522.86 1918.02
SEAgg por (M3kg) 1380 .58 1372.76 2145 57 1632 .97
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Cone Calorimeter Test Results

Heat Release Rate per Unit Area
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Test 1: Spacing is B0 mm (censtant), with heat flux calibrated at the centreline (60 mm). Spark is in standard position (35
mm higher above the sample surface than in std config).

Test 2: Spacing is 80 mm (constant), with heat flux calibrated at the centreline (80 mm). Spark is in standard position (35
mm higher above the sample surface than in std config).

Test 3: Spacing is B0 mm (constant), with heat flux calibrated at the centreline (60 mm). Spark is in standard position (35
mm higher above the sample surface than in std config)
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Cone Calorimeter Test Results JENSEEUGHB

g s vy
Test Information
Client: Volpe Ambient pressure (psia): 14.8
Date of test: 09/08/2017 Ambient temperature ("C): 272
Test engineer: Matt DiDomizio Ambient relative humidity (%): 43.9
Test standard: ASTM E1345 Number of specimens: 3
Specimen ID: Sample 1_50 Exposed specimen area (cm?): 88.4

Specimen bulk density (g/cm?®): 1.294
Preparation details:
Orientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
TestID Test 1 Test 2 Test 3 Average
Specimen thickness (mm) 316 317 318 317
Specimen mass (g) 41.5 41.5 416 4153
Heat flux (kWW/im?) 50 50 50 50
Exhaust flow rate (L/s) 21.45 21.33 21.25 21.34
Time to sustained flaming (s) 48 44 51 48
Time to flame-out (s) 436 422 464 441
Time to end-of-test (s) 556 542 584 561
Domain of interest (s): 48 - 436 44 - 422 51 - 464 48 - 441
Total mass loss, EQT (g/m*) 3234 3158 3244 3212
Total mass loss, DOI (g/m?) 3046 2970 3086 3034
MLRPUA 5 10m0% (9/5'mM?) 8.92 8.89 9.23 9.02
MLRPUA, g eoT (9/5-m?) 582 582 5.56 573
MLRPUAg g par (9/s-m?) 7.83 7.84 7.45 7.71
HRRPUA ., (KW/m?) 221.61 205.34 215.62 214.19
HRRPUA ;450 (kWW/m?) 129.13 110.71 123.64 121.16
HRRPUA g 150 (KWW/m?) 168.12 157.2 164.17 163.16
HRRPUA 4,5 300 (KWW/mM?) 179.21 172.7 178.1 176.67
HRRPUA g gor (KVW/im?) 126.89 123.69 116.34 122.31
HRRPUA 49 por (KVW/mM?) 165.62 160.78 152.04 158.48
THRPUAggr (MJ/m?®) 70.86 67.14 68.04 68.61
THRPUARG (MJim?) 64.39 60.9 62.89 62.73
EHCyg ot (kJ/g) 21.85 21.26 20.98 21.36
EHC g po1 (KJ/Q) 21.14 20.51 20.38 20.68
SEAavg.EDT (m?/kg) 1144 15 1257 88 1151.22 1184 41
SEA, por (M*kg) 1106.36 1317.95 1065 1163.1
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Cone Calorimeter Test Results

Heat Release Rate per Unit Area
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Test 1. Specimen exhibited intumescing behavior, rising up into the cone heater (did not contact the element)

Test 2: Specimen exhibited intumescing behavior, rising up into the cone heater (did not contact the element).

Test 3: Specimen exhibited intumescing behavior, rising up into the cone heater (did not contact the element).
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Cone Calorimeter Test Results JENSEN HUGHES
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Test Information
Client: Volpe Ambient pressure (psia): 14.8
Date of test: 09/08/2017 Ambient temperature (“C): 27
Test engineer: Matt DiDomizio Ambient relative humidity (%) 44.7
Test standard: ASTM E1345 Number of specimens: 3
Specimen ID: Sample 1_75 Exposed specimen area (cm?). 88.4

Specimen bulk density (gfcm®): 1.298
Preparation details
Qrientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
Test ID Test 1 Test 2 Test 3 Average
Specimen thickness (mm}) 3.16 3.15 3.16 3.16
Specimen mass (g) 41.5 41.4 41.5 4147
Heat flux (kKWW/m#) 75 75 75 75
Exhaust flow rate (L/s) 21.86 21.87 21.82 21.85
Time to sustained flaming (s) 24 23 24 24
Time to flame-cut (s) 335 349 334 339
Time to end-of-test (s) 455 469 454 459
Domain of interest (s) 24 - 335 23 - 349 24 - 334 24 - 339
Total mass loss, EQT (g/m?*) 31489 3228 3189 3189
Total mass loss, DOl (g/m?) 2898 2983 2797 2892
MLRPUA,,4 10m0 (9/S M) 1012 9.97 9.24 978
MLRPUA g g0t (O/s m?) 6.92 6.87 7.02 6.93
MLRPUA g oo (gfs - m?) 9.28 9.11 9 9.13
HRRPUA 4 (KW/m?) 243.72 238.87 254.6 24573
HRRPUA 5,050 (KVW/M?*) 143.05 134 .8 139.77 139.2
HRRPUA g 180 (KW/M?) 189.81 186.79 193.87 190.16
HRRPUA 300 (KW/M?) 187.74 190.05 192.33 190.04
HRRPUA g gor (KVWM?) 146.48 14617 148.27 146.97
HRRPUA ;g pon (KWW/M®) 184 .55 183.27 189.33 185.72
THRPUALgr (MJ/m?) 6677 6867 6743 6762
THRPUALL (MJ/Im?®) 57.5 59.86 58.81 5872
EHC g e01 (kJ/g) 21.2 2127 2115 21.21
EHC.g .00 (kd/g) 19.84 20.07 21.03 20.31
SEAaug eor (MPKG) 1150.57 1097 .34 996.33 1081.41
SEAam pol (M7kg) 1194 44 1138.93 1074 17 1135 85
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Test 1: Specimen exhibited intumescing behavior, rising up into the cone heater (did not contact the element)
Test 2: Specimen exhibited intumescing behavior, rising up into the cone heater (did not contact the element).

Test 3: Specimen exhibited intumescing behavior, rising up into the cone heater (did not contact the element).
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Cone Calorimeter Test Results
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Test Information
Client: FRAMN olpe Ambient pressure (psia): 147
Date of test: 10/26/2017 Ambient temperature (“C). 24.5
Test engineer: Matt DiDomizio Ambient relative humidity (%) 37.7
Test standard: ASTM E1345 MNumber of specimens: 3
Specimen ID: Sample 2_35 Exposed specimen area (cm®): 88.4

Specimen bulk density (g/cm®): 0.815
Preparation details: Retaining frame used.
Orientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: Last recorded value
Test Results
Test ID Test 1 Test 2 Test 3 Average
Specimen thickness {(mm}) 1273 12.67 12.68 12.69
Specimen mass (g) 109.6 109.5 109.4 109.5
Heat flux (KMW/m?) 35 35 35 35
Exhaust flow rate (L/s) 21.21 21.14 21.33 21.23
Time to sustained flaming (s) 762 336 529 542
Time to flame-out (s) 1376 1292 1108 1259
Time to end-of-test (s) 1496 1412 1205 1371
Domain of interest (s) 762 - 1376 336 - 1292 529 - 1108 542 - 1259
Total mass loss, EOT (g/m?) G370 6029 5916 6105
Total mass loss. DOl (g/m*) 3064 5103 4056 4074
MLRPUA,, 10mom (9/s-m?) 7.71 7.69 73 7.57
MLRPUA 5 eoT (Gfs m?) 429 4.31 492 4.51
MLRPUA,  por (9/s mM7) 502 5.35 6.99 5.79
HRRPUA . 4 (KW/mMm?) 200.52 180 74 158 88 180.05
HRRPUA 4050 (KVW/M?) 85.7 2917 4317 52.68
HRRPUA g 150 (KW/M*) 148.59 37.37 737 86.55
HRRPUA ;5300 (KW/M?) 125.23 43.69 93.02 87.31
HRRPUA ;g gor (KVW/mM?) 30.96 3963 34.76 3512
HRRPUA 4,g por (KWW/mM?) 67.62 57.32 71.01 65.32
THRPUAEgqgr (MJ/m?) 4634 56 41.92 48.09
THRPUARg (MJim?*) 4158 54 86 4118 4587
EHCaug eor (kJ/g) 7.28 9.29 709 7.88
EHC 05,001 (KJ/g) 13.57 10.75 1015 11.49
SEAag kot (MPkg) 413.77 264.38 325.04 334.4
SEA, . por (M3kg) 234 .85 211.14 148.47 198.15
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Additional Remarks

Test 1: Cracking and delamination of the surface metal layer ccurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 2: Cracking and delamination of the surface metal layer ccurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 3: Cracking and delamination of the surface metal layer ccurred as the underlying weod and glue decemposed,
eventually leading to flaming ignition
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Cone Calorimeter Test Results

Test Information

=
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Client: FRAMNclpe

Date of test 10/23/2017

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 14.8
Ambient temperature ("C): 25.8
Ambient relative humidity (%) 80.3

Mumber of specimens: 3

Specimen ID: Sample 2_50

Exposed specimen area (cm®). 88 4

Specimen bulk density (gfcm?®): 0.819

Preparation details: Retaining frame used (laminated composite material).

Orientation: Horizontal
Spacing (mm): 25

Retaining frame/grid: Yes
Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test ID Test 1 Test 2 Test 3 Average
Specimen thickness (mm}) 12.74 12.76 12.67 12.72
Specimen mass (g) 105.9 119.9 107.2 111
Heat flux (KVW/m®) 50 50 50 50
Exhaust flow rate (L/s) 21.386 21.45 21.68 21.5
Time to sustained flaming (s) 75 G4 70 70
Time to flame-out {s) 1063 1011 947 1007
Time to end-of-test (s) 1183 1131 1067 1127
Domain of interest (s) 75-1083 64 - 1011 70 - 947 70-1007
Total mass loss, EOQT (g/m?*) G036 7134 6041 G404
Total mass loss, DOl (g/m?®) 5765 6885 5783 6144
MLRPUA,, 10mcs (9/s m?) 9.66 10.69 9.88 10.08
MLRPUAGg ot (9fs m?) 516 6.32 5.69 572
MLRPUA,; por (9fs m?) 5.85 7.27 6.59 6.57
HRRPUA 4. (KWW/m®) 176.12 227.04 19317 198.78
HRRPUA g0 (KWVW/M?) 49.48 53.2 57.73 53.47
HRRPUA g 150 (KVW/M?) 53.75 40.44 51.44 48.54
HRRPUA . 500 (KVW/M®) 54.84 42.46 48.92 48.74
HRRPUA ;g g (KW/M?) 52 60.55 5577 56.11
HRRPUA,; por (KMWM?) 61.56 71.66 66.65 66.62
THRPUAEqr (MJ/m®) 61.57 58.54 59.56 63.22
THRPUARg, (MJ/m?*) 60.88 67.92 58.51 6244
EHCayg eor (kJ/g) 10.2 9.61 9.86 9.89
EHCayg poi (kdig) 10.56 9.87 1012 10.18
SEAL o (MAka) 262.54 305.39 86.89 218.27
SEAqu,por (M*ka) 19177 266.17 73.97 177.31
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Cone Calorimeter Test Results
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Test 1: Cracking and delamination of the surface metal layer ccurred as the underlying weood and glue decomposed,
eventually leading to flaming ignition.

Test 2: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 3: Cracking and delamination of the surface metal layer ccurred as the underlying wood and glue decomposed,
eventually leading te flaming igniticn
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Test Information
Client: FRAMN olpe Ambient pressure (psia): 14.7
Date of test: 10/20/2017 Ambient temperature ("C): 26.8
Test engineer: Matt DiDomizio Ambient relative humidity (%) 36.6
Test standard: ASTM E1345 MNumber of specimens: 3
Specimen ID: Sample 2_75 Exposed specimean area (cm®): 88. 4
Specimen bulk density (g/cm?®): 0.858
Preparation details: Retaining frame used, fastened tigh to prevent explosive delamination.
Orientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
Test ID Test 1 Test 2 Test 3 Average
Specimen thickness (mm) 12.75 12.74 12.72 12.74
Specimen mass (g) 116.4 116.8 115.3 11617
Heat flux {(K\\W/m®) 75 75 75 75
Exhaust flow rate (L/s) 21.77 21.8 21.93 21.83
Time to sustained flaming (s) 28 24 22 25
Time to flame-out (s) 936 aaa 834 886
Time to end-of-test (s) 1056 1008 954 1006
Domain of interest (s): 28 - 936 24 - 888 22 - 834 25 - 886
Total mass loss, EQT (g/m?®) 7284 75980 7081 7319
Total mass less, DOI (g/m?) 127 7431 6993 7184
MLRPUA 5 10mo% (975 M?) 12.83 13.96 1365 13.48
MLRPUAG,g g0t (gfs m?) 692 7.53 743 7.29
MLRPUA g pen (9/s M) 7.87 8.6 8.61 8.36
HRRPUA, . (KW/m®) 260.81 291.47 272.08 274.79
HRRPUA g0 (KVV/M?) 107.83 102.5 100.83 103.75
HRRPUA ;g 180 (KWW/M*) 104 .42 81.99 104.33 96.91
HRRPUA ;500 (KWW/M™) 108.16 107.5 113.91 109.86
HRRPUA ;g gor (KVVW/M?*) 82.91 80.9 88.68 87.5
HRRPUA ;g por (KWW/IM?®) 95.39 104.49 103.06 100.88
THRPUAEqy (MJ/mM?) B87.84 91.71 8469 88.01
THRPUAR (MJ/m®) B8G6.7 90.38 83.78 86.95
EHC g ot (kJ/Q) 12.03 12.08 11.96 12.02
EHC 5,001 (kdig) 1217 12.16 11.98 121
SEAauyg eor (M*Kg) 196.55 322.84 146.85 22212
SEAL, 0ol (M*/kg) 174.9 301.16 127.81 201.29
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Additional Remarks

Test 1: Cracking and delamination of the surface metal layer ocurred as the underlying weood and glue decomposed,
eventually leading to flaming ignition.

Test 2: Cracking and delamination of the surface metal layer ccurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 3: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,
eventually leading to flaming igniticn
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Test Information
Client: FRAN©lpe Ambient pressure (psia): 14.7
Date of test: 10/24/2017 Ambient temperature (°C): 26.2
Test engineer: Matt DiDomizio Ambient relative humidity (%) 48.2
Test standard: ASTM E1345 Number of specimens: 3
Specimen ID: Sample 3_35 Exposed specimen area (cm?): 88.4

Specimen bulk density (g/cm®): 04687
Preparation details: Retaining frame used.
Orientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
Test ID Test 1 Test 2 Test 3 Average
Specimen thickness (mmj} 16.25 16.26 16.25 16.25
Specimen mass (g) 81.4 81.5 B80.4 81.1
Heat flux (kKM\W/m?) 35 35 35 35
Exhaust flow rate (Lis) 19.13 2028 20.31 19.91
Time to sustained flaming (s) 59 g0 71 73
Time to flame-out (s) 718 578 887 728
Time to end-of-test (s) 838 598 1007 848
Domain of interest (s): 59-718 90 - 578 71- 887 T3-728
Total mass loss, EOT (g/m?) 1878 1669 1800 1816
Total mass loss, DOI (g/m?) 1731 1359 1720 1603
MLRPUAG,q 10m0% (0/s m?) 355 314 293 3.21
MLRPUAG, eor (9/5-m*) 228 2.39 1.88 2.18
MLRPUA g nen (945 m?) 264 2.78 2.11 2.51
HRRPUA .o (KWW/m?) 83.06 64.93 113.94 87.31
HRRPUA g 50 (kWW/mM2)y 54.06 37.34 7576 55.72
HRRPUA ;g 150 (KVVW/M?*) 43.48 27.39 54.32 41.73
HRRPUA g 300 (KVYW/mM?) 38.26 23.15 45 3547
HRRPUA g g0t (KWW/M?) 18.19 1263 18.92 16.58
HRRPUA ;g pon (KVW/M?) 22.68 17.43 23 21.04
THRPUAgqr (MJ/m?) 15.26 8.83 19.06 14.38
THRPUARg (MJ/m®) 14.97 853 18.79 14.08
EHC .5 cot (kJ/g) 8.13 5.29 10.03 7.82
EHCaug,pon (kd/g) 865 6.27 10.92 8.61
SEAaug eor (MAKg) 308 .47 478.68 403.5 397.22
SEA,g.po1 (M*kg) 267.03 400.48 353.72 340.41
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Additional Remarks

Test 1. Cracking and delamination of the surface metal layer ccurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 2 Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 3: Cracking and delamination of the surface metal layer ccurred as the underlying wood and glue decompesed,
eventually leading to flaming ignition
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Test Information
Client: FRAN olpe Ambient pressure (psia): 14.8
Date of test: 10/23/2017 Ambient temperature ("C): 26.3
Test engineer: Matt DiDomizio Ambient relative humidity (%): 56
Test standard: ASTM E1345 Number of specimens: 3
Specimen ID: Sample 3_50 Exposed specimen area (cm?): 88.4

Specimen bulk density (g/cm®): 0.462
Preparaticn details: Retaining frame used (laminated compesite material).
Orientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
TestID Test 1 Test 2 Test 3 Average
Specimen thickness (mm) 1624 16.28 16.26 16.26
Specimen mass (g) 82 78.3 81.2 80.5
Heat flux (KW/im?) 50 50 50 50
Exhaust flow rate (L/s) 21.22 21.24 21.03 21.16
Time to sustained flaming (s) 34 34 30 33
Time to flame-out (s) 491 712 948 77
Time to end-of-test (s) 611 832 1068 837
Domain of interest (s): 34 - 491 34 -712 30- 948 33-717
Total mass loss, EOT (g/m?) 2070 1889 1912 1860
Total mass loss, DOI (g/m?#) 1876 1782 1821 1826
MLRPUA 45 10m05 (975 M?) 4.44 4.21 358 4.08
MLRPUA,, g0t (9/5-m*) 3.39 2.34 1.84 2.52
MLRPUAG s poy (9f5-m?) 4.1 2.69 203 2.94
HRRPUA 4 (KW/m?) 130.86 219.71 107.52 152.7
HRRPUA g0 (KWW/M?) 93.33 136.26 B86.73 105.44
HRRPUA g 150 (KW/m®) 58.63 86.28 57.27 67.39
HRRPUA ;5300 (KWW/M?) 47.03 65.88 4463 52.51
HRRPUA g gor (KWW/M?) 27.05 32.07 19.12 26.08
HRRPUA 59 por (KWW/mM?) 34.64 38.58 21.82 31.68
THRPUAggr (MJ/m?) 16.55 26.71 2043 21.23
THRPUARg (MJim?) 15.86 26.19 20.05 207
EHC g9 eor (kd/g) 8 14.07 10.69 1092
EHC g 001 (kJ/G) 8.46 14.7 11.01 11.39
SEAu eor (M7/kg) 366.76 396.89 426.79 39682
SEAay por (M*/kg) 295.42 365.15 400.79 353.79
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Additional Remarks

Test 1: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,
eventually leading to flaming ignition.

Test 2: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,
eventually leading to flaming igniticn.

Test 3: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,
eventually leading te flaming ignition
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Test Information

Client: FRAMNolpe Ambient pressure (psia): 14 .6

Date of test. 10/24/2017 Ambient temperature ("C). 26.5
Test engineer: Matt DiDomizio Ambient relative humidity (%): 51.1
Test standard: ASTM E1345 NMumber of specimens: 3

Specimen ID: Sample 3_75 Exposed specimen area (cm?). 88.4

Specimen bulk density (g/cm®): 0.472
Preparaticn details: Retaining frame used.

Orientation: Horizontal Retaining frame/grid: Yes
Spacing {(mm): 25 Spark igniter: Yes
End-of-test critericn: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test ID Test 1 Test 2 Test 3 Average
Specimen thickness {mm}) 16.15 16.25 16.3 16.23
Specimen mass (g) 81.4 82.5 82.5 8213
Heat flux (KVW/m®) 75 75 75 75
Exhaust flow rate (L/s) 19.87 19.89 19.87 19.88
Time to sustained flaming (s) 19 18 17 18
Time to flame-out (s) 491 483 454 476
Time to end-of-test (s) 611 603 574 596
Demain of interest (s) 19 - 491 18 - 483 17 - 454 18- 476
Total mass loss, EOT (g/m?®) 2165 2308 2306 2260
Total mass less, DOI (g/m?) 2063 2217 2204 2161
MLRPUA 5 10m0 (95 M7) 5.95 59 6.91 6.25
MLRPUA  goT (975 M) 3.54 3.84 4.04 3.81
MLRPUAG, por (9fs-m?) 4.35 475 504 472
HRRPUA 5 (KWW/m?) 169.48 212.44 188.63 190.18
HRRPUA g g0 (KWVW/M®) 9962 139.2 138.53 12612
HRRFPUA 54 150 (KVW/M?) 85.93 88.47 103.08 92.49
HRRPUA 5300 (KVW/M?) 74.55 73.55 83.29 7713
HRRPUA ;g ot (KVW/M?#) 45.95 4912 52.61 4923
HRRFUA g por (KVW/ M) 57.16 60.88 66.47 61.5
THRPUAgor (MJ/mM?) 28.12 29.67 30.25 28.34
THRPUARy (MJ/m?) 27.03 28.36 29.09 28.18
EHCayg eor (kJig) 12.99 12.86 13.11 12.99
EHC,.q poi (kdfg) 13.1 12.79 13.2 13.03
SEAaug eor (M7 kg) 261.53 356.7 342.35 32019
SEA, g por (MPkg) 214 .06 328.65 284 26 278.99
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Test 1. Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed.

eventually leading to flaming ignition.

Test 2: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,

eventually leading to flaming ignition.

Test 3: Cracking and delamination of the surface metal layer ocurred as the underlying wood and glue decomposed,

eventually leading to flaming ignition
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Test Information
Client: FRANclpe Ambient pressure (psia): 14.9
Date of test: 11/02/2017 Ambient temperature ("C): 25.9
Test engineer: Matt DiDomizio Ambient relative humidity (%): 47.1
Test standard: ASTM E1345 Number of specimens: 3
Specimen ID: Sample 4_25 Exposed specimen area (cm?): 88.4

Specimen bulk density (g/cm?): 1.176
Preparation details: Plastic specimen wrapped in aluminum foil. Retaining frame and 25 mm spacing used.
Orientation: Horizontal Retaining framefgrid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
TestID Test 1 Test 2 Test 3 Average
Specimen thickness (mm) 422 416 417 418
Specimen mass (g) 50.3 50.2 50.2 50.23
Heat flux (K\W/m?) 25 25 25 25
Exhaust flow rate (L/s) 21.59 2153 2163 21.58
Time to sustained flaming (s) 81 82 83 82
Time to flame-out (s) 671 587 G621 626
Time to end-of-test (s) 791 707 741 746
Domain of interest (s): 81-671 82 - 587 83-621 82 - 626
Total mass loss, EQT (g/m?) 5577 5577 5543 5566
Total mass less, DOI (g/m?) 5572 5550 5531 5551
MLRPUA.g 10m0% (9/8 m?) 18.36 19.31 18.32 18.67
MLRPUAG g goT (9/s m?) 7.06 7.87 749 7.47
MLRPUAg,par (0/s-m?) 9.44 10.97 10.26 10.22
HRRPUA .., (KW/m?) 558.6 567.73 615.36 580.56
HRRPUA ;550 (KWW/M?) 232.92 233.45 236.68 234.35
HRRPUA ;g 150 (KW/M?) 385.9 396.71 397 44 393.35
HRRPUA 55300 (KW/M?) 410.19 420.72 411.01 413.97
HRRPUA g 0T (kW/m?) 175.08 185.17 185.58 185.28
HRRPUA g par (KW/mM?) 233.96 272.59 254.48 253.67
THRPUALgr (MJ/m?) 138.66 138.18 137.7 138.18
THRPUALg (MJ/m?) 138.27 137.83 137.15 137.78
EHCayg £o7 (KJ/g) 24.86 2478 24 84 2483
EHC g poi (KJ/G) 24.82 24.85 248 24.82
SEA, g g0t (M7/kg) 846 .53 635.81 574.59 685.64
SEAa.par (M*/kg) 640.06 497.78 443.1 526.98
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Additional Remarks

Test 1: Specimen burned cleanly without warping, leaking. or other notable events
Test 2. Specimen burned cleanly without warping, leaking, or other notable events.

Test 3: Specimen burned cleanly without warping, leaking. or other notable events.
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Client: FRANclpe

Date of test: 11/02/2017

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 14.9
Ambient temperature (°C): 25.7
Ambient relative humidity (%): 45.9

MNumber of specimens: 3

Specimen 1D Sample 4_50

Exposed specimen area (cm?): 88 4

Specimen bulk density (gfcm™): 1.174

Preparation details: Plastic specimen wrapped in aluminum foil. Retaining frame and 25 mm spacing used.

Orientation: Horizontal
Spacing (mm): 25

Retaining frame/grid: Yes
Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

TestID Test 1 Test 2 Test 3 Average
Specimen thickness (mm) 4.2 4.2 4.2 4.2
Specimen mass (g) 50.9 50.2 50.3 5047
Heat flux (KWW/m*) 50 50 S0 50
Exhaust flow rate (L/s) 23.25 23.26 23.44 23.32
Time to sustained flaming (s) 27 26 25 26
Time to flame-out (s) 329 322 308 320
Time to end-of-test (s) 445 442 428 440
Domain of interest (s): 27 - 329 26 - 322 25 - 308 26 - 320
Total mass loss, EOT (g/m*®) 5713 5638 5645 5665
Total mass loss, DOI (géim?) 5689 5604 5614 5636
MLRPUA g 10m0% (Gf5:mM?) 29.87 29.1 3011 2869
MLRPUA,q ot (g/s-m?) 12.72 12.76 13.18 12.89
MLRPUA g oor (9 m7) 18.76 18.85 19.75 18.12
HRRPUA .5 (KVW/m?) 968 14 972.75 994 42 978 44
HRRPUA 4,0 50 (KVW/M?) 399.76 385.29 395.23 393.43
HRRPUA g 150 (KWW/m?) 677.87 659.87 672.12 669.95
HRRPUA ;g 300 (KW/M?) 474 .31 462.18 463.85 466.78
HRRPUA ;g 0T (KWW/mM®) 317.92 314 .43 326.13 31949
HRRPUA ;g por (KWWIM#) 471.22 468.36 491.29 476.96
THRPUAEor (MJ/m?®) 143 06 139.29 139.91 140.76
THRPUARg, (MJ/m?) 142.78 139.1 138.52 140.47
EHC g eot (kJ/g) 25.04 24.71 2479 2485
EHC 49 poi (kdig) 251 24.82 24.85 24.92
SEAqg.eot (M7 Kg) 318.88 524.9 465.31 436.36
SEAg.por (M*fkg) 197 .1 358.74 318.41 291.41
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Additional Remarks

Test 1: Specimen burned cleanly without warping, leaking. or other notable events
Test 2° Specimen burned cleanly without warping, leaking, or other notable events.

Test 3: Specimen burned cleanly without warping, leaking. or other notable events.
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Test Information
Client: FRAN olpe Ambient pressure (psia): 14.9
Date of test: 11/02/2017 Ambient temperature (“C). 25.2
Test engineer: Matt DiDomizio Ambient relative humidity (%): 44.8
Test standard: ASTM E1345 NMumber of specimens: 3
Specimen ID: Sample 4_75 Exposed specimen area (cm®): 88 .4

Specimen bulk density (g/cm®): 1.183
Preparation details: Plastic specimen wrapped in aluminum foil. Retaining frame and 25 mm spacing used.
Orientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes
End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced
Test Results
Test ID Test 1 Test 2 Test 3 Average
Specimen thickness (mmj) 416 416 4.2 417
Specimen mass (g) 50.6 50.6 50.9 50.7
Heat flux (KW/m?) 75 75 75 75
Exhaust flow rate (L/s) 23.45 23.86 2418 23.83
Time to sustained flaming (s) 15 14 15 15
Time to flame-out (s) 235 213 217 222
Time to end-of-test (s) 355 333 337 342
Domain of interest (s): 15 - 235 14 - 213 15- 217 15- 222
Total mass loss, EQT (g/m?) 5718 5701 5735 5718
Total mass loss, DOI (g/m?) 5683 5658 5689 5676
MLRPUA . 10mo% (9/s mM?) 40 48 41 .46 4209 4135
MLRPUA g g0t (9/5-mF) 16.07 17.07 16.87 16.7
MLRPUA,  poy (gfs-m?) 25.87 28.25 27.99 27.3
HRRPUA 4 (KW/m?#) 1428 .4 1437.39 1445 .83 1437.21
HRRPUAM_GO (KWW/Im®) 585.26 5786.73 554.36 57545
HRRPUA g 150 (KWW/M?) 807 .12 778.95 786.82 790.96
HRRPUA ;300 (KW/m?) 500.45 476.6 478.64 48523
HRRPUA ;g gor (KW/M?) 425 429.69 426.41 42703
HRRPUA 4 par (KVV/mM?) 674 .61 715.34 T07.87 699.27
THRPUAEqr (MJ/m?) 151.29 143.51 144.13 146.31
THRPUARg, (MJ/im?) 149.07 143.04 143 68 14527
EHCaug g0t (kJ/g) 26.46 2517 2513 25.59
EHC,g.po1 (kJ/g) 26.23 25.28 25.26 25.59
SEAL 4 ot (MA7K) 593.85 517.74 216.23 442.61
SEA, g por (Mkg) 397.63 25017 151.56 266.45
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Additional Remarks

Test 1: Specimen burned cleanly without warping, leaking, or other notable events
Test 2: Specimen burned cleanly without warping, leaking, or other notable events.

Test 3: Specimen burned cleanly without warping, leaking. or other notable events.
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Client: FRAMNGIpe

Date of test: 01/02/2018

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 15
Ambient temperature (“C): 24.5
Ambient relative humidity (%) 18.3

Mumber of specimens: 3

Specimen ID: Sample 5_25

Preparaticn details:

Exposed specimen area (crm?): 88.4

Specimen bulk density (gfcm®): 1.313

Orientation: Horizontal

Spacing (mm}: 80

Retaining frame/grid: Yes

Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

TestID Test 1 Test 2 Average
Specimen thickness (mm) 377 378 378
Specimen mass (g) 49 .8 487 4975
Heat flux (KW/m?®) 25 25 25
Exhaust flow rate (L/s) 22.33 2219 2226
Time to sustained flaming (s) 907 951 929
Time to flame-out (s) 1098 1156 1127
Time to end-of-test (s) 1218 1276 1247
Domain of interest (s) g07 - 1088 951 - 1156 929 - 1127
Total mass loss. EQT (g/m?) 788 826 807
Total mass loss, DOI (g/m?) 622 542 632
MLRPUA 5 10ma (/S M?) 1.56 1.42 1.49
MLRPUA.g ot (9/s m®) 0.65 0.65 0.65
MLRPUA,, sy (g/s m?) 3.25 3.11 3.18
HRRPUA 4 (KW/m?) 117.98 125.63 121.8
HRRPUA g 50 (KVW/M?) 32.04 4G .44 4074
HRRPUA 5,g 150 (KVW/mM?) 75.9 75.02 75.46
HRRPUA 4,5 300 (KVW/mM?) 50.31 48.31 49.31
HRRPUA,,, cor (KW/IM?) 13.26 11.48 12.37
HRRPUA 5g pon (KVV/M#) 73.65 68.75 7.2
THRPUAgor (MJ/m™) 16.16 14.66 15.41
THRPUApg, (MJ/m?) 14.13 14.15 14.14
EHC g ot (kJ/G) 20.52 17.75 19.13
EHC g po (kd/g) 22.7 22.05 2238
SEA.g Eot (M7KG) 11606.06 13090.41 12348.24
SEAag por (M?*/kg) 2240 .46 4227.55 3234
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Additional Remarks

Test 1: Significant intumescing. 60 mm spacing required to avoid igniter contact

Test 2: Significant intumescing, 60 mm spacing required to avoid igniter contact.
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Test Information

Client: FRANGClpe Ambient pressure (psia): 15

Date of test: 01/02/2018 Ambient temperature (“C): 24.7
Test engineer: Matt DiDomizio Ambient relative humidity (%) 18.5
Test standard: ASTM E1345 MNumber of specimens: 3

Specimen ID: Sample 5_50 Exposed specimen area (cm?); 88.4

Specimen bulk density (g/cm®): 1.31
Preparation details:

Crientation: Horizontal Retaining frame/grid: Yes
Spacing (mm): 25 Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of cembustion have ceaced

Test Results

TestID Test 1 Test 2 Average
Specimen thickness (mm) 377 372 3.75
Specimen mass (g) 49.4 48.8 491
Heat flux (KMW/im?) 50 50 50
Exhaust flow rate (L/s) 22.87 2295 22.91
Tirme to sustained flaming (s) 29 39 34
Time to flame-out (s) 587 727 657
Time to end-of-test (s) 707 847 TiT
Domain of interest (s) 29 - 587 39 -727 34 - B57
Total mass loss, EOQT (g/m?*) 3348 3292 3320
Total mass loss, DOl {g/m?) 3160 3113 3137
MLRPUA,q 10mow (G5 m?) 603 508 556
MLRPUA ot (9/5 M) 473 3.88 4.31
MLRPUA, b (98 m?) 5.66 4.53 5.1
HRRPUA 4 (KWW/m?) 206.9 240.51 223.71
HRRPUA g g0 (KWVW/mM?®) 112 .95 135.78 126.37
HRRPUA 4,9 180 (KWW/M?) 154 .32 169.9 157.11
HRRPUA 5,5 300 (KVW/M?) 143 .66 136.09 139.87
HRRPUA 4 gor (KWW/M?) 111.3 96.71 104
HRRPUA g oo (KW M?) 133.23 114.86 124.05
THRPUAgqr (MJ/mM?) 78.78 82 80.39
THRPUARg (MJ/m?) 74.45 79.12 76.79
EHC g co1 (KJ/Q) 23.53 24 .91 2422
EHCayg,p01 (kJ/ig) 23.56 2542 24.49
SEAL eor (MP/kg) 1607.31 3020.37 2313.84
SEA. por (M¥kg) 1297.35 2747 88 2022 61
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Additional Remarks

Test 1: Significant intumescing. char layer rose up into cone heater (no contact)

Test 2: Significant intumescing, char layer rose up into cone heater (no contact).
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Client: FRAMN clpe
Date of test: 01/02/2018
Test engineer: Matt DiDomizio

Test standard: ASTM E1345

Ambient pressure (psia): 15
Ambient temperature ("C). 25.6
Ambient relative humidity (%) 17.5

MNumber of specimens: 3

Specimen ID: Sample 5_75

Preparation details:

Exposed specimen area (cm®): 88.4

Specimen bulk density (g/cm?®): 1.306

Qrientation: Horizontal
Spacing {(mm). 25

Retaining frame/fgrid: Yes
Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test 1D Test 1 Test 2 Average
Specimen thickness (mm) 3.75 3.83 3.79
Specimen mass (g) 48.7 50.4 4955
Heat flux (KMV/m?) 75 75 75
Exhaust flow rate (L/s) 23.31 23.48 23.39
Time to sustained flaming (s) 18 13 16
Time to flame-out (s) 482 594 538
Time to end-of-test (s) 602 714 658
Domain of interest (s) 18 - 482 13 - 584 16 - 538
Total mass loss. EQT {(g/m*) 3505 3978 3742
Total mass loss, DOl (g/m?) 32865 3748 3507
MLRPUAGqg 10mo (975 MF) V.94 7.69 782
MLRPUA, g goT (Q/s - m7) 581 558 57
MLRPUA., por (9/s-m?) 7.03 6.45 B.74
HRRPUA 4. (KW/m?) 298.26 345 01 321.64
HRRPUA ;450 (KWW/M?) 146.5 120.02 133.26
HRRPUA ;g 180 (KW/M?) 194 .02 229.95 211.98
HRRPUA 55 300 (KW/M?) 186.42 214.98 200.7
HRRPUA g gor (KVWmM®) 140 .93 135.12 138.02
HRRPUA 5 por (KWW M) 169.37 157.49 163.43
THRPUAgar (MJ/m®) 8496 96.59 90.78
THRPUAGg (MJ/m?) 78.73 91.63 8518
EHCug.cor (kdig) 24.24 24.28 24.26
EHC 49 poi (kJ/Q) 24.11 24.45 24.28
SEAaug eor (M*kg) 178517 1196.79 1490.98
SEAquw por (M*/kg) 1498.54 999.29 1248 92
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Additional Remarks

Test 1: Significant intumescing., char layer rose up into cone heater (no contact)

Test 2: Significant intumescing, char layer rose up into cone heater (no contact).
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Client: FRAMNGIpe

Date of test: 01/03/2018

Test engineer: Matt DiDomizic
Test standard: ASTM E1345

Ambient pressure (psia): 14 8
Ambient temperature (“C): 24.2
Ambient relative humidity (%) 18.8

MNumber of specimens: 3

Specimen ID: Sample 6_25

Preparation details

Exposed specimen area (cm?®): 88.4

Specimen bulk density (g/cm®): 1.508

Orientation: Horizontal
Spacing (mm): 25

End-of-test criterion: Last recorded value

Retaining frame/grid. Yes

Spark igniter: Yes

Test Results

Test ID Test 1 Test 2 Average
Specimen thickness {mm) 714 7.08 7.1
Specimen mass (g) 113.7 113.3 113.5
Heat flux (kKW/m?) 25 25 25
Exhaust flow rate (L/s) 21.73 21.75 21.74
Time to sustained flaming (s) 176 172 174
Time to flame-out (s) 225 199 212
Time to end-of-test (s) 345 259 302
Domain of interest (s) 176 - 225 172 - 199 174 -212
Total mass less, EOT (g/m*) 331 191 261
Total mass loss, DOI (g/m?®) 97 63 a0
MLRPUA,,, 10m0% (9 m?) 165 1.25 1.45
MLRPUA, g eor (9/s-m) 0.99 0.81 0.9
MLRPUA g per (9fs-m?) 1.85 2.23 2.09
HRRPUA 4 (KWW/m?) 8.88 7.71 8.3
HRRPUA g 50 (KVW/M?) 3.43 3.75 3.59
HRRPUA 150 (KWW/mM?) 0 0 o
HRRPUA, g 300 (KWW/M?) o] 0 o
HRRPUA,,, eor (KW/M?) 2.2 1.45 1.82
HRRPUA g oo (KVW/M?) 279 21 245
THRPUAggr (MJ/mM*) 0.76 0.38 0.57
THRPUAR (MJ/im®) 014 0.05 008
EHCaug ot (KJ/g) 2.29 1.97 213
EHCayg.001 (kJ/g) 1.4 0.87 113
SEAaugeor (M7ka) BE679.94 5090.53 6885.24
SEAaw.pol (M*kg) 9054.99 1303.63 5179.31
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Additional Remarks

Test 1: Flame extinction occcurred less than 60 s after ignition. At this time the igniter was placed back into position in an
atttempt to initiate reignition. No reignition cccurred through the end-of-test.

Test 2: Flame extinction cccurred less than 80 s after ignition. At this time the igniter was placed back into position in an
atttermpt to initiate reignition. No reignition occcurred through the end-of-test.

70



Cone Calorimeter Test Results

Test Information

=
JENSEN HUGHES

et gy whe: mrverma wt nafery

Client: FRAN ©lpe

Date of test: 01/03/2018

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 14.9
Ambient temperature (°"C): 23.8
Ambient relative humidity (%) 18.2

NMumber of specimens: 3

Specimen |ID: Samples 6_50

Preparation details

Exposed specimen area (cm?®): 88 4

Specimen bulk density (g/cm?®): 1.536

Crientation: Horizental
Spacing (mm): 25

Retaining frame/grid. Yes

Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test ID Test 1 Test 2 Average
Specimen thickness {mm) 6.92 6.56 B6.74
Specimen mass (g) 110.3 105.2 107.75
Heat flux (kWVW/m?®) 50 50 50
Exhaust flow rate (L/s) 2262 2265 22.64
Time to sustained flaming (s) 285 253 269
Time to flame-out (s) 13687 1211 1289
Time to end-of-test (s) 1487 1331 1409
Domain of interest (s) 285 - 1367 253 - 1211 269 - 1289
Total mass loss, EQT (g/m?®) 6239 5882 6061
Total mass loss, DOI (g/m?) 5471 5214 5343
MLRPUA,4 10mos (OFS mM?) 562 576 569
MLRPUA g goT (O/s-m7) 419 4.42 4.3
MLRPUA,,; por (@fs-m?) 505 544 525
HRRPUA oo (KWW m®) 136.26 136.92 136.59
HRRPUA g 50 (KW/M?) 86.85 7068 787V
HRRPUA 4 150 (KVV/M*) 101.01 92.09 96.55
HRRPUA 5,5 500 (KVW/M?) 107.06 94 41 100.73
HRRPUA ;g gat (KVW/M?) T3.73 7566 7469
HRRPUA ;5 por (KWV/m™) 100.13 103.03 101.58
THRPUAEqr (MJ/m®) 109.71 100.77 105.24
THRPUARg (MJim?) 108.43 98.79 103.61
EHCayg.eor (kJ/g) 17.58 17.13 17.36
EHC.g.001 (kJ/g) 19.82 18.95 19.38
SEALg eor (Mkg) 2183.67 1454 16 1818.92
SEAGg pol (M*/kg) 1854.97 1274 47 1564 72
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Additional Remarks

Test 1: Char layer caused flame extinction shortly after ignition -- reignition cccurred subsequently

Test 2: Char layer caused flame extinction shortly after ignition - reignition occurred subsequently.
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Client: FRAMNclpe

Date of test: 01/03/2018

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 14.9
Ambient temperature ("C): 26.3
Ambient relative humidity (%) 17.9
MNumber of specimens: 3

Specimen ID: Miles_75
Manufacturer: Miles

Preparation details:

Exposed specimen area (cm®): 88.4

Specimen bulk density (g/cm?®): 1.524

Orientation: Horizental

Spacing (mm): 25

Retaining frame/grid: Yes

Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

TestID Test 1 Test 2 Average
Specimen thickness {(mm) 7.26 719 7.23
Specimen mass (g) 118 M7.7 117.85
Heat flux (kKW/m*) 75 75 75
Exhaust flow rate (L/s) 2323 2325 2324
Time to sustained flaming (s) 55 175 115
Time to flame-out (s) 1365 1374 1370
Time to end-of-test (s) 1485 1484 1490
Domain of interest (s) 55- 1365 175 -1374 115- 1370
Total mass loss, EQT (g/m?) 7014 6991 7002
Total mass loss, DOI (g/m?#) 6768 6511 6640
MLRPUA, 10mzw (9 mM?) 6.7 6.47 6.58
MLRPUA,, ot (9fs-m7) 4.72 468 4.7
MLRPUAG g por (9/8-m7) 516 543 53
HRRPUA 4 (KW/m?) 172.07 163.12 167.58
HRRPUA 35 50 (KVW/M?) 978 39.66 2472
HRRPUA ;g 150 (KVW/m?) 21.13 86.99 54.06
HRRPUA ;4 500 (KVW/mM?) 65.99 99.55 8277
HRRPUA ;g ot (KWW/M?) 8908 8025 94 67
HRRPUA 49 pon (KWW mM?) 108.79 108.96 108.87
THRPUAEgqr (MJ/m?) 147 .24 134.91 141.07
THRPUApg, (MJ/im?) 142 .59 130.74 136.67
EHC g £ot (kJig) 20.99 19.3 2015
EHCg,p01 (kd/g) 21.07 20.08 2057
SEALg eor (M7/K) 1841.68 904. 54 1373.11
SEAag pon (M*kg) 1812.76 886.16 1349 46

73



Cone Calorimeter Test Results

Heat Release Rate per Unit Area

200
180
160
140
120
100
80
60
40
20
0

Heat Release Rate per Unit Area (kW/m?)

Specimen Mass

130

120

110

100

S0

80

Specimen mass (g

7o

60

50

0.0 5.0 10.0 15.0 200 250 300
Time (min)
\\
_‘-""'"—-—.___
0.0 50 10.0 150 200 250 30.0
Time (min)

Additional Remarks

=
JENSEN HUGHES

At g wha Ersarma t nabey

——Test 1
Test 2

Average

Test 1
—_—Test 2

Average

Test 1: Ignition was followed by extinction in less than 1 minute as the char layer formed. Re-ignition occurred
subseqently.

Test 2: Ignition was followed by extinction in less than 1 minute as the char layer formed. Re-ignition occurred

subseqgen

tly.
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Client: FRAMN clpe

Date of test: 01/03/2018

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 14 9
Ambient temperature ("C): 24 1
Ambient relative humidity (%) 18.2

MNumber of specimens: 3

Specimen |ID: Sample 7_35

Preparation details

Exposed specimen area (cm®): 88.4

Specimen bulk density (g/cm?®): 1.824

Orientation: Horizontal

Spacing (mm): 25

Retaining frame/grid: Yes

Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test ID Test 1 Test 2 Average
Specimen thickness (mm) 3.25 327 3.26
Specimen mass (g) 60 60.1 60.05
Heat flux (KWW/m?) 35 35 35
Exhaust flow rate (L/s) 22.07 22.02 22.05
Time to sustained flaming (s) 574 769 672
Time to flame-out (s) G4 1048 995
Time to end-of-test (s) 1061 1168 1115
Domain of interest (s) 574 - 841 769 - 1048 672 - 985
Total mass loss, EQT (g/m*) 1157 1176 1187
Total mass loss, DOI (g/m?®) 480 330 405
MLRPUA,,, 10mo% (9/s M) 1.21 1.09 115
MLRPUA g o (9/5 m7) 1.1 1.01 1.05
MLRPUA o (9fs-m?) 1.31 1.18 1.24
HRRPUA o (KW/m?) 54.22 42.92 53.57
HRRPUA g g0 (KVWmM®) 2118 16.56 1887
HRRPUA g 150 (KW/M?) 41.41 29.4 354
HRRPUA ;g 500 (KWW M?) 35.82 27.1 31.46
HRRPUA o gor (KVW/M?) 13.38 919 11.28
HRRPUA g oo (KWW m?) 32.87 27.93 30.4
THRPUAggr (MJ/m?) 14.2 10.74 12.47
THRPUARg (MJ/m*) 12.08 781 995
EHC gug ot (kJ/Q) 12.27 913 10.7
EHCqvg.001 (kJ/g) 25.16 23.69 24.42
SEAaug eor (MP/kg) 8446 .25 6968.17 FrOT.21
SEAug por (M*kg) 3848.6 4676.41 4262.5
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Additional Remarks

Test 1: Delamination in the first minute caused by a gas bubble forming under the top layer of fiberglass, and
subsequently popping open with a loud "crack”.

Test 2: Delamination in the first minute caused by a gas bubble forming under the top layer of fiberglass, and
subsequently popping cpen with a loud "crack”.
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Client: FRAMNolpe

Date of test: 01/03/2018

Test engineer: Matt DiDomizio
Test standard: ASTM E1345

Ambient pressure (psia): 14.9
Ambient temperature ("C). 25.5
Ambient relative humidity (%) 18.8

Number of specimens: 3

Specimen ID: Sample 7_50

Preparation details

Exposed specimen area (cm?): 88.4

Specimen bulk density (g/cm®): 1.836

Crientation: Horizontal
Spacing (mm): 25

End-of-test criterion: Last recorded value

Retaining frame/grid. Yes

Spark igniter: Yes

Test Results

Test ID Test 1 Test 2 Average
Specimen thickness (mm) 328 3.23 3.26
Specimen mass (g) 60.3 60.2 60.25
Heat flux (KMV/m*) 50 50 S0
Exhaust flow rate (L/s) 22.38 22.43 2241
Time to sustained flaming (s) 226 116 171
Time to flame-cut (s) 496 958 727
Time to end-of-test (s) 616 958 78T
Domain of interest (s) 226 - 496 116 - 958 171 -727
Total mass loss, EOT (g/m?®) 1128 1489 1309
Total mass loss. DOl (g/m?~) 828 1296 1062
MLRPUA,,, 10mom (9/s m?) 299 1.94 2.47
MLRPUA g eor (@5 mF) 1.86 1.55 1.71
MLRPUA o oy (9/s m?) 3.06 1.54 2.3
HRRPUA 5 (KW/m?*) 137 .2 120.76 128.98
HRRPUA ;g 60 (KVVWIM?) 4378 3062 37.2
HRRPUA g 150 (KWW/m?) 84.01 57.34 7068
HRRPUA 4,5 300 (KW/M?) 65.37 6514 65.26
HRRPUA 4 ot (KWVIM?) 36.56 3423 3539
HRRPUA ;g oo (KVW/M?) 69.27 38.63 53.95
THRPUAEgr (MJ/m?) 22.54 3282 27.68
THRPUARo (MJim#) 18.75 32.56 2565
EHC 4yq g0t (kJ/g) 19.98 22 .04 21.01
EHCaug,001 (kd/g) 22.66 2512 2389
SEAgg eot (MP/kg) 2441.86 3317.54 2879.7
SEA g por (MAkg) 1195 98 2943 96 2069 97
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Additional Remarks

Test 1: Delamination in the first minute caused by a gas bubble forming under the top layer of fiberglass, and
subsequently popping open with a loud "crack”.

Test 2: Delamination in the first minute caused by a gas bubble forming under the top layer of fiberglass, and
subsequently popping open with a loud "crack”.
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Client: FRAMNGClpe

Date of test: 01/03/2018

Test engineer: Matt DiDomizic
Test standard: ASTM E1345

Ambient pressure (psia): 14.9
Ambient temperature ("C): 25.7
Ambient relative humidity (%) 18.3

MNumber of specimens: 3

Specimen ID: Sample 7_75

Preparation details

Exposed specimen area (cm?®): 88.4

Specimen bulk density (g/cm®)y: 1.825

Orientation: Horizontal

Spacing (mm): 25

Retaining frame/grid: Yes

Spark igniter: Yes

End-of-test criterion: 2-min after flaming or other signs of combustion have ceaced

Test Results

Test ID Test 1 Test 2 Average
Specimen thickness (mm}) 3.28 326 3.27
Specimen mass (g) 60.1 60.3 60.2
Heat flux (kKVW/m?*) 75 75 75
Exhaust flow rate (L/s) 22.98 22.9 2294
Time to sustained flaming (s) 40 40 40
Time to flame-out (s) 338 338 338
Time to end-of-test (s) 458 458 458
Domain of interest (s) 40 - 338 40 - 338 40 - 338
Total mass loss, EQT (g/m®) 1437 1324 1380
Total mass loss, DOI (g/m?) 1249 1189 1219
MLRPUAG, 10m0% (95 m*) 4.45 464 455
MLRPUA g goT (9/s m*) 313 2.89 3.01
MLRPUA,q por (g/s-m?) 417 3.98 4.07
HRRPUA o (KWWM?) 154.15 189.11 171.63
HRRPUA g0 (KW/m?) 85.32 3762 6147
HRRPUA 4uq 150 (KWWM*) 111.41 103.99 107.7
HRRPUA 4 g 500 (KWW/m?) B87.77 8418 8598
HRRPUA ;0 g0t (KMWM?) 66.74 63.73 65.23
HRRPUA g par (KW/m®) 88.09 84 .48 86.28
THRPUALqr (MJ/m®) 30.62 29.24 29.93
THRPUAR (MIim®) 26.32 2524 2578
EHC gy rot (kJ/Q) 21.31 22.09 21.7
EHCaug,001 (kJ/g) 21.07 21.24 21.16
SEALg ot (M/ka) 2193.67 329277 2743 .22
SEA, .4 por (M*kg) 1973 81 2516 .49 2245 15
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Additional Remarks

Test 1: Delamination in the first minute caused by a gas bubble forming under the top layer of fiberglass, and
subsequently popping cpen with a loud "crack”

Test 2: Delamination in the first minute caused by a gas bubble forming under the top layer of fiberglass, and
subsequently popping cpen with a loud "crack"”.

Figure B 1. Seven Different Materials Representative of Commonly Used in
Passenger Railcars

B.3 Radiant Panel Test Results

Radiant panel tests were conducted in accordance with test standard ASTM E162 at
external laboratories that routinely perform this testing. All the radiant panel test results
are provided in this section.
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COMMERCIAL TESTING COMPANY

1215 South Hamilton Street - Dalton, Georgia 30720
Telephone (706) 278-3935 - Facsimile (706) 2786-3936

Standard Method of Test for
Surface Flammabality of Materials
Using a Radiant Heat Energy Source

ASTM Ele2-16
Sample 1
Report Number 17-12277
Test Number 5157-6414
December 20, 2017

Tensen Hughes
Baltimore, Maryland

Commercial Testing Company
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TAutforzed Sgmature])

This report is provided for the exclusioe use of Bhe clirnt to whom 1t 15 addressed. It may be used m ifs enfirety fo pam product
acceptance from duly constituted methorthes. The test results presented m this report apply only to the samples tested md are
not necessartly mdicatioe of apparent idemtical or smidar materials. Sample selection oud wdenhfivation were provided by the
climt. A sampling plan, if described m the referenced test procedure, was not neeessarily followed. This rf!pﬂrf, aor the nome of
Commercial Testmg Compmay, shall not be used under any circumstanee in advertismg to the general public.

TESTED TO BE SURE®
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INTRODUCTION

This report is a presentation of test results on a material submaitted by Jensen Hughes, Balttmore, Maryland. The
test was conducted in accordance with the ASTM Internationmal fire-test response-standard E162-16, Surface
Flammability of Maferials Usimg a Radiemt Heat Energy Source. The method provides a laboratory procedure for
measuring and comparing surface flammability of materials when exposed to a prescribed level of radiant heat
eNETEy. It is intended for sesearch and development enly and should notbe used as a basis of ratings for building
codes. ASTM E162 iz an American National Standard (A;\SIJ and has been approved for use by agencies of the
Department of Defense.

Thiz standard iz used to measure and describe the response of matenals, products, or aszemblies to heat and
flame under controlled conditions, but does not by itzelf incorporate all factnr* required for fire hazard or fire risk
assessment of materials, products, or azsemblies under actual fire conditions.

No consideration is made for result= that may be obtained if the material being evaluated were tested in
combination with other materials.

FURFOSE

Surface flammability is measured using a wvertically mounted propane gas and air fueled radiant heat energy
source and a 6-inch by 18-inch test specimen. The specimen crentation is at an inverted angle of 30° to the
wvertical surface of the radiant panel with ignition forced near its upper edge and the flame progressing
downward. A pilot burner, fueled with an acetylene—air mixture, impinges on the specimen near its top edge and
provides ignition. A factor derived from the rate of progress of the flame front, and another derived from the rate
of heat liberated by the material being tested, are combined to provide the final test result, the Radian Panel
Index.

TEST FROCEDURE

A minimum of four specimens with a maximum thickness of one inch is pre—conditioned for 24 hours in a

circulating air oven maintained at 80°C. The dry specdmens are then conditioned to equilibrium in an atmosphere
with the temperature maintained between 21 and 23°C and the selative humidity at 50 £ 5 percent. The
conditioned specimens are wrapped with aluminum foil with only the face exposed, placed in a specimen holder,
and backed with 13 mm thick inorganic millboard. When neceszary, a 25 mm hexagonal wire mesh iz placed
across the face of the mounted specimens to maintain their integrity during testing.

The radiant heat energy panel is ignited and allowed to preheat at least 1.3 hours prior to of testing. Stack
temperature measurements in the range of 150 to 230°C indicate proper operating conditions. The thermal output
of the radiant panel is verified to be within the specified operating range of 670 T 4°C by measurements made on
a 2530 mm diameter area in the center of the panel using a Honeywell radiation pyrometer. Periodic calibration
using a special burner fueled with methane gas provides data (ff factor) necessary for calculation of the final test
result. The pilot burner iz adjusted to give a flame approximately two to theee inches in length. The prepared
specimen is placed on the supporting framework in front of the panel and the timer started simultaneously. The
time that the flame front on the surface of the specimen arrives at each 76 mm mark, and the maximum
temperature rise measured in the exhaust stack thermopile, are recorded during a 13-minute test exposure.

CALCULATIONS

Test results are calculated and expressed as the Radiant Panel Index, Is. The Radiant Fanel Index 15 the product of
the Flame Spread Factor, Fs,, a factor derived from the rate of progress of the flame front, and the Heat Evolution
Factor, (Q, a factor relating to the rate of heat iberation by the material. The Flame Spread Factor is calculated as:

1 1 1 1 1
+ + + +

F =1+
L=ty -ty -l ha—L fGs—1
Where:
F. = flame spread factor
ty = time untl arrival of the flame at the 76 mm distance marks
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It there are any segments of the curve where the slope increaszes, the increase is eliminated by segmenting the
curve from the previous to the succeeding point, thus becoming a “skip point.” These points are treated in the
formula Fs by dropping the temms inveolving single curve points and replacing them with the single term Ef{Tf -
Thi where K is an integer related to the number of skip points, Tfis the time at the first curve point after the skip,
and Tk is the time at the last curve point before a skip point.

The Radiant Panel Index is calculated as Is = FsQ and the Heat Evolution Factor as @ = CT/f where:

C = arbitrary constant 5.7

T = observed mawimum stack temperature rise in “C between the specimen and that for a
simitlar curve of fiber-resnforced cement board

i mean stack temperature rise for unit heat input rate in °C/kW, a constant for a particular

test instrument

Only sustained flame fronts, 12, when a flame front advances from the igniting burner to the first 3-inch or
subsequent marks at a rate that so that at least 3 seconds have passed since it reached the mark, are taken into
account for caleulating the Flame Spread Facter, Fs. Flashing, i.e., a flame front with a duration of 3 seconds or
less, shall be reported but not used for calculation of the Flame Spread Factor, Fs. If flashing occurs, the fact shall
be mentioned in parentheses following the Radiant Panel Index, Iz, and reported in the form, for example, [s = 100
[Flaching (F)].

MATERIAL TESTED
Identification: Sample 1
Type Material: Thermmoplastic Sheet
MNominal Thickness: 1.5mm
Color: White
TESTDATA
Specmen 1 2 3 1
Flame Spread Factor, Fs 131 1.32 119 1.37
Temperature Fise, *C 10.0 16.7 139 122
Heat Evelution Factor, O 169 2.82 235 2.07
Flaming Doppings Time Mone MNone MNone MNone
Test Duration, ms 15:00 1500 15:00 1500
Radiant Panel Index, Is 233 372 280 284
TEST RESULT

The test result, the average [s, iz rounded to the nearest multiple of five as required by Section 121 of the
Standard. Graphic presentation of individual test data 15 included at the end of this report.

Specamen 1 i k] 3 Average
Radiant Panel Index, I= 222 372 2.80 264 3
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DISTANCE (Inches)

o

(%]

Client:

Test Mumber:

Date:

Speciman Number:

Flame Spread Factor, Fs:
Temperature Rise, *C:
Heat Evolution Factor, Q-
Radiant Panel Index, Is:

Jensen Hughes

E 162 Radiant Panel

A157-6414
December 20, 2017

1

13
100
1.69
222

n

Skip Points Location: No Skip Points

84

7 B

TIME {Minutes)
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DISTANCE (Inches)

=

Client:

Test Number:

Date:

Specimen Mumber:

Flame Spread Factor, Fs:
Temperature Rise, *C:
Heat Evolution Factor, C:
Radiant Panel Index, Is:

E 162 Radiant Panel

Jensen Hughes
51576414
December 20, 2017
2

1.32
167
282
372

Skip Points Location:

] ] 7 B ]

TIME (Minutes)

Mo Skip Points
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DISTANCE {Inches)

=]

Clignt:

Test Number:
Date:

Specimen Number:

Flame Spread Factor, Fs:
Temperature Rise, *C:
Heat Evolution Factor, Qi
Radiant Panel Index, |s:

E 162 Radiant Panel

Jensen Hughes

5157-6414

December 20, 2017

3

1.19
139
2.35
2.80

n

Skip Points Location: No Skip Points

86

7 B

TIME (Minutes)
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DNSTAMCE (Inches)

=]

E 162 Radiant Panel

Client: Jensen Hughes
Test Number. 5157-6414
Date: December 20, 2017

Specimen Number: 4

Flame Spread Factor, Fs: 1.37
Temperature Rise, *C: 12.2
Heat Evolution Factor, & 2.07
Radiant Panel Index, Is: 2.84

Skip Points Location: 3 inches

] 7 B g

TIME {Minutes)
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INTRODUCTION

This report is a presentation of test results on a material submitted by Jensen Hughes, Balttmore, Maryland. The
test was conducted in accordance with the ASTM International fire-test response-standard E162-16, Surface
Flammamlity of Maferials Usmg a Fadiant Heaf Energy Sowrce. The method provides a laboratory procedure for
measuring and comparing surface flammability of materials when expozed to a prescribed level of radiant heat
energy _Itis intended for research and development only and should not be used as a basis of ratings for budlding
cndes ASTM E162 iz an American National Standard (ANSI) and has been approved for use by agencies of the
Department of Defenze.

This standard is used to measure and describe the response of matenals, products, or assemblies to heat and
flame under controlled conditions, but dees not by itself incorporate all Ifacf:i::'rT required for fire hazard or fire sk
assessment of materials, products, or assemblies under actual fire condiftions.

MNo consideration iz made for results that may be obtained if the material being evaluated were tested in
combination with other materials.

FURPOSE

Surface flammability is measured using a vertically mounted propane gas and air fueled radiant heat enerpy
source and a G-inch by 18-inch test specimen. The specimen orentation is at an inverted angle of 30° to the
wertical surface of the radiant panel with ignition forced near its upper edge and the flame progressing
downward. A pilot burner, fueled with an acetylene—air mixture, impinges on the specimen near its top edge and
provides ignition. A factor derived from the rate of progress of the flame front, and another derived from the rate
of heat liberated by the material being tested, are combined to provide the final test result, the Radiam Panel
Index.

TEST FROCEDURE

A minimum of four specimens with a maximum thickness of one inch is pre—conditioned for 24 hours in a
circulating air oven maintained at 80°C. The dry specimens are then conditioned to equilibrium in an atmosphere
with the temperaturs maintained betwseen 21 and 23°C and the relative humidity at 50 £ 5 percent. The
conditioned specimens are wrapped with aluminum foil with only the face exposed, placed in a specimen holder,
and backed with 13 mm thick inorganic millboard. When necessary, a 25 mm hexagonal wire mesh iz placed
across the face of the mounted specimens to maintain their infegrity during testing.

The radiant heat energy panel is ignited and allowed to preheat at least 1.5 hours prior to of testing. Stack
temperature measurements in the range of 1580 to 230°C indicate proper operating conditions. The thermal output
of the radiant panel is verified to be within the specified operating range of 670 £ 4°C by measusements made on
a 2530 mm diameter area in the center of the panel using a Honeywell radiation pyrometer. Peniodic calibration
using a special burner fueled with methane gas provides data (f factor) necessary for calculation of the final test
rezult. The pilot burner iz adjusted to give a flame approximately two to three inches in length. The prepared
specimen is placed on the supporting framework in front of the panel and the timer started simultaneously. The
time that the flame front on the surface of the specimen arcives at each 76 mm mark, and the maximum
tem perature rise measured in the exhaust stack thermopile, are recorded durning a 13-minute test exposure.

CALCULATIONS

Test results are calculated and expresszed as the Fadiant Panel Index, Is. The Radiant Panel Index 15 the product of
the Flame Spread Factor, Fs,, a factor denived from the rate of progress of the flame front, and the Heat Evolution
Factor, 0, a factor relating to the rate of heat liberation by the material. The Flame Spread Factor is calculated as:

. 1 1 1 1 1
F =1+ + + + +
b=ty Is—ty L=l G~k hs—0:
Where:
F. = flame spread factor
ty = time untl arrival of the flame at the 76 mm distance marks

Page Zof T

89



It there are any segments of the curve where the slope increases, the increase iz eliminated by segmenting the
curve from the previous to the succeeding point, thus becoming a “skip point.” These points are treated in the
formula Fs by dropping the terms involving single curve points and replacing them with the single term E{(Tf -
Th) where K is an integer related to the number of skip points, Tfis the time at the first curve point after the skip,
and Tk is the time at the last curve point before a skip point.

The Radiant Panel Index is caleulated as Is = Fs() and the Heat Evolution Factor as ( = CT/ff where:

C
T

i

arbitrary constant 3.7

observed mamimum stack temperature rise in °*C between the specimen and that for a
similar curve of fiber-reinforced cement board

mean stack temperature nise for unit heat input rate in *C/kW, a constant for a particular
test instrument

Only sustained flame fronts, 1.2, when a flame front advances from the igniting burner to the first 3-inch or
subsequent marks at a rate that so that at least 3 seconds have passed since it reached the mark, are taken into
account for calculating the Flame Spread Factor, Fs. Flashing, 1.e., a flame front with a duration of 3 seconds or
less, shall be reported but not used for caleulation of the Flame Spread Factor, Fs. If flashing occurs, the fact shall
be mentioned in parentheses following the Fadiant Panel Index, Is, and reported in the form, for example, Is = 100
[Flashing (F)].

MATERIAL TESTED
Identification: Sample 2 - 9.8mm Panel

Type Material: Aluminum /Plywood
Color: Mottled Brown

TESTDATA
Speamen 1 z 3 E
Flame Spread Factor, Fs 201 144 175 182
Temperature Rise, *C 389 16.1 511 528
Heat Evolution Factor, Q 6.59 273 1375 1403
Flaming Drippings Time MNone MNone MNone Mone
Test Duration, m:s 15:00 1500 15:00 1500
Radiant Panel Index, Is 1322 3.92 (F) 2412 2551
TEST RESULT

The test result, the average [s, is rounded to the mearest multiple of five as required by Section 121 of the
Standard. Graphic prezentation of individual test data is included at the end of this report.

5 s pecimen 1 2 k] E Average
Radiant Panel Index, I 1322 392 2412 2551 15 (Flashing)
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DISTANCE {Inches)

=]

(=]

E 162 Radiant Panel

Client: Jensen Hughes

Test Mumber. 5154-6353

Date: December 15, 2017

Specimen Mumber: 1

Flame Spread Factor, Fs: 2.01

Temperature Rise, *C: 389

Heat Evolution Factor, Q: 659
Radiant Panel Index, Is: 13.22

Skip Points Location: 3, 6 inches

7 B

TIME (Minutes)
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DISTANCE (Inches)

i

E 162 Radiant Panel

Client: Jensen Hughes
Test Number: 5154-6353
Date: December 15, 2017
Specimen Number: 2

Flame Spread Factor, Fs: 1.44

Temperature Rise, *C: 161

Heat Evolution Factor, & 2.73
Radiant Panel Index, I1s: 3.9 (Flashing to 9")

2 3 4 ] ] 7 B ]

TIME (Minutes)

Skip Points Location: 3 inches
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DISTANCE (Inches)

L&}

E 162 Radiant Panel

Client: Jensen Hughes
Test Number. 5154-6353
Date: December 15, 2017
Specimen Number: 3

Flame Spread Factor, Fs: 1.75

Temperature Rise, *C: 81.1
Heat Evolution Factor, Q. 13.75
Radiant Panel Index, Is: 2412

/

2 3 4 ] ] 7 B ]

TIME {Minutes)

Skip Points Location: 3, 6 inches
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DISTANCE (Inches)

=]

(=]

E 162 Radiant Panel

Client: Jensen Hughes
Test Number: 5154-6353
Date: December 15, 2017
Specimen Number: 4

Flame Spread Factor, Fs: 1.82

Temperature Rise, "C. 828
Heat Evolution Factor, O: 14.03
Radiant Panel Index, Is: 25.51

2 3 4 ] i] 7 ] ] 10

TIME {Minutes)

Skip Points Location: 3, 6 inches
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INTRODUCTION

This report is a presentation of test results on a material submitted by Jensen Hughes, Baltimore, Maryland. The
test was conducted in accordance with the ASTM Imternational fire-test respomse-standard E162-16, Surface
Flammability of Materials Using a Fadient Heaf Energy Source. The method provides a laboratory procedure for
measuring and comparing surface flammability of materials when exposed to a preseribed level of radiant heat
energy. It is intended for research and development only and should not be used as a basis of ratings for building
codes. ASTM E162 is an American National Standard I{A:‘-.Sl:l and has been approved for use by agencies of the
Department of Defense.

This standard is used to measure and desecribe the response of materials, products, or assemblies to heat and
flame under controlled conditions, but does not by itself incorporate all factors required for fire hazard or fire risk
asseszment of matenials, products, or assemblies under actual fire conditions.

Mo consideration is made for result= that may be obtained if the material being evaluated were tested in
combination with other materials.

FURFOSE

Surface flammability iz measured using a vertically mounted propane gas and air fueled radiant heat energy
source and a 6-inch by 18-inch test specimen. The specimen crentation i= at an inverted angle of 30° to the
vertical surface of the radiant panel with ignition forced near its upper edpe and the flame progressing
downward. A pilot burner, fueled with an acetylene—air mixture, impinges on the specimen near its top edge and
provides ignition. A factor derived from the rate of progress of the flame front, and another derived from the rate
of heat liberated by the material being tested, are combined to provide the final test result, the Radian Panel
Index.

TEST FROCEDURE

A mindimum of four specimens with a maximum thickness of one inch is pre—conditioned for 24 hours in a
circulating air oven maintained at 60°C. The dry specimens are then condifioned to equilibrium in an atmosphers
with the temperature maintained between 21 and 23°C and the relative humidity at 50 £ 5 pescent. The
conditioned specimens are wrapped with aluminum foil with only the face exposzed, placed in a spacamen holder,
and backed with 13 mm thick inorganic millboard. When neceszary, a 25 mm hexagonal wire mesh iz placed
across the face of the mounted specimens to maintain their integnty dunng testing.

The radiant heat energy panel is ignited and allowed to preheat at least 1.5 hours prior to of testing. Stack
temperature measurements in the range of 180 to 230°C indicate proper operating conditions. The thermal output
of the radiant panel iz verified to be within the specified operating range of 670 T 4°C by measurements made on
a 250 mm diameter area in the center of the panel using a Honeywell radiation pyrometer. Periodic calibration
using a special burner fueled with methane gas provides data (f factor) necessary for caleulation of the final test
result. The pilot burner iz adjusted to give a flame approximately two to three inches in length. The prepared
specimen is placed on the supporting framework in front of the panel and the timer started simultaneously. The
time that the flame front on the surface of the specimen arrives at each 76 mm mark, and the marimum
temperature rise measured in the exhaust stack thermepile, are recorded duning a 15-minute test exposure.

CALCULATIONS

Test results are calculated and expressed as the Radiant Panel Index, [s. The Eadiant Panel Index 15 the product of
the Flame Spread Factor, Fs,, a factor derived from the rate of progress of the flame front, and the Heat Evolution
Factor, , a factor relating to the rate of heat liberation by the material. The Flame Spread Factor is calculated as:

1 1 1 1 1
+ + + +
L=ty Ig—ly L=l K-l K=l

F =1+

¥

Where:

y
n
I

flame spread factor
time until aroival of the flame at the 76 mm distance macks

tx
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If there are any segments of the curve where the slope increases, the increase is eliminated by segmenting the
curve from the previous to the succeeding point, thus becoming a “skip point.” These points are treated in the
formula Fs by dropping the terms involving single curve points and replacing them with the single term Eii If-
Th) where K 15 an integer related to the number of skip points, Tfis the time at the first curve point after the shap,
and T is the time at the last curve point before a skip point.

The Radiant Panel Index is calculated as Is = Fs{) and the Heat Evolution Factor as 0 = CT/f where:

C
T

g

arbitrary constant 5.7

observed mawimum stack temperature rise in *C between the specimen and that for a
simidlar curve of fiber-reinforced cement board

mean stack temperature rise for unit heat input rate in *C/kW, a constant for a particular
test instrument

Only sustained flame fronts, ie, when a flame front advances from the igniting burner to the first 3-inch or
subsequent marks at a rate that so that at least 3 seconds have passed since it reached the mark, are taken into
account for calculating the Flame Spread Factor, Fs. Flashing, 12, a flame front with a duration of 3 seconds or
less, shall be reported but not used for caleulation of the Flame Spread Factor, Fs. If flashing occurs, the fact chall
be mentioned in parentheses following the Radiant Panel Index, Is, and reported in the form, for example, Is = 100
[Flashing (F)L.

MATERIAL TESTED
Identification: Sample 3 - 16.5mm Panel

Type Material: Aluminum/Balsa
Coler: Mottled Grey

TEST DATA
Speamen 1 z 3 1
Flame Spread Factor, Fs 1.35 135 1.539 175
Temperature Rise, *C 294 36.7 294 194
Heat Evolution Factor, O 199 6.21 499 3.30
Flaming Doppings Time Mone MNone Mone MNone
Test Duration, m:s 15:00 1500 15:00 1500
Radiant Panel Index, [5 674 (F) 8.40 (F) 792(B) 5.76 (F)
JESTRESULT

The test result, the average Is, 15 rounded to the nmearest multiple of five as required by Section 121 of the
Standard. Graphic presentation of individual test data iz included at the end of this report.

Speamen 1 2 3 3 Average
Radiant Panel Index, I= 6.74 B.40 7482 h.76 3 (Flashing)
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DISTANCE {Inches)

n

=]

E 162 Radiant Panel

Client: Jensen Hughes
Test Number. 5154-6351
Date: December 18, 2017
Specimen Number: 1

Flame Spread Factor, Fs: 1.35

Temperature Rise, *C: 294

Heat Evolution Factor, & 495
Radiant Panel Index, Is: 6.74 (Flashing to 67)

2 3 4 ] 3] 7 B ]

TIME {Minutes)

Skip Points Location: No Skip Points
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DISTANCE {Inches)

n

[ &}

E 162 Radiant Panel

Client: Jenssn Hughes
Test Number. 5154-6351
Date: December 18, 2017
Specimen Number, 2

Flame Spread Factor, Fs: 1.35

Temperature Rise, *C: 36.7

Heat Evolution Factor, & 621
Radiant Panel Index, 1s: 8.4 (F)

99

.-"f-lf

e

o
T
z 3 4 5 i 7 ] ] 10 13 14
TIME {Minutes)
Skip Points Location: Mo Skip Points
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DISTANCE (Inches)

=

E 162 Radiant Panel

Client: Jenssn Hughes
Test Number: 5154-6351
Date: December 18, 2017
Specimen Number: 3

Flame Spread Factor, Fs: 1.558

Temperature Rise, *C: 294

Heat Evolution Factor, O 4.959
Radiant Panel Index, 15 7.92 (F)

2 3 4 ] ] 7 B ] 10 11 12 13

TIME (Minutes)

Skip Points Location: No Skip Points
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DISTANCE (Inches)

[ =]

E 162 Radiant Panel

Client: Jensen Hughes
Test Mumber: 5154-6351
Date: December 18, 2017
Specimen Number: 4

Flame Spread Factor, Fs: 1.75

Temperature Rise, *C. 194

Heat Evolution Factor, &: 3.30
Radiant Panel Index, 1s: 576 (F)

2 3 4 5 3] 7 B g 10 11 12 13

TIME {Minutes)

Skip Points Location: 3 inches
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INTRODUCTION

This report 15 a presentation of test results on a material submitted by Jensen Hugphes, Balttmore, Maryland. The
test was conducted in accordance with the ASTM International fire-test response-standard E162-16, Surface
Flammability of Maferials Usimg a Radiant Heaf Encrey Source. The method provides a laboratory procedure for
meafurin.u and comparing surface flammability of materials when exposed to a prescribed level of radiant heat

ETEY. It is intended for seseasch and develn-pment only and should not be used as a basis of ratings for building
cndes ASTM E162 is an American National Standard (ANSI) and has been approved for use by agencies of the

Department of Defense.

This standard is used to measure and describe the response of materals, products, or assemblies to heat and
flame under controlled conditions, but does not by itzelf incorporate all factors required for fire hazard or fire risk
asseszment of matenals, products, or assemblies under actual fire conditions.

Mo consideration is made for results that may be obtained if the material being evaluated were tested in
combination with other materials.

FURPOSE

Surface flammability iz measured using a vertically mounted propane gas and air fueled radiant heat energy
source and a &-inch by 18-inch test specimen. The specimen orientation iz at an inverted angle of 30° to the
wvertical surface of the radiant panel with ipnition forced near its upper edge and the flame progressing
downward. A pilot burner, fueled with an acetylene—air mixture, impinges on the specimen near its top edge and
provides ipnition. A factor derived from the rate of propress of the flame front, and another denived from the rate
of heat liberated by the material being tested, are combined to provide the final test result, the Radian Panel
Index.

TEST PROCEDURE

A mindimum of four specimens with a maximum thickness of one inch is pre—conditioned for 24 hours in a
circulating air oven maintained at 60°C. The dry specimens are then conditioned to equilibrium in an atmosphere
with the temperature maintained between 21 and 23°C and the selative humidity at 50 £ 5 pescent. The
conditioned specimens are wrapped with aluminum foil with only the face exposed, placed in a specimen holder,
and backed with 13 mm thick inorganic millboard. When necesszary, a 25 mm hexagonal wire mesh iz placed
across the face of the mounted specimens to maintain their integrty during testing.

The radiant heat energy panel is ignited and allowed to preheat at least 1.3 hours prior to of testing. Stack
temperature measurements in the range of 180 to 230°C indicate proper operating conditions. The thermal output
of the radiant panel iz verified to be within the fpecified operating range of 670 T 4°C by measurements made on
a 250 mm diameter area in the center of the panel using a Honeywell radiation pyrometer. Peniodic calibration
using a special burner fueled with methane gas pmwde.. data {# factor) necessary for calculation of the final test
result. The pilot burner iz adjusted to give a flame approximately two to three inches in length. The prepared
specimen is placed on the supporting framework in front of the panel and the timer started simultanecusly. The
time that the flame front on the surface of the specimen arrives at each 76 mm mark, and the maximum
temperature rise measured in the exhaust stack thermopile, are recorded during a 13—munute test exposure.

CALCULATIONS

Test results are calculated and expressed as the Radiant Panel Index, Is. The Radiant Panel Index 15 the product of
the Flame Spread Factor, Fs,, a factor derived from the rate of progress of the flame front, and the Heat Evolution
Factor, , a factor relating to the rate of heat iberation by the material. The Flame Spread Factor is calculated as:

1 1 1 1 1
+ + + +

F =1+
b=ty fg—Iy -l fa—l Ha—lh3
Where:
F. = flame spread factor
ty = time until arnval of the flame at the 76 mm distance martks
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If there are any segments of the curve where the slope increases, the increase is eliminated by segmenting the
curve from the previous to the succeeding point, thus becoming a “skip point.” These points are treated in the
formula Fs by dropping the terms involving single curve points and replacing them with the single term K-"{I'f—
Th) where K 15 an integer related to the number of skip points, Tfis the time at the first curve point after the skip,
and Tk is the time at the last curve point before a skip point.

The Radiant Panel Index is calculated as Is = Fs(Q and the Heat Evolution Factor as O = CTIf where:

C
T

£

arbitrary constant 5.7

observed marimum stack temperature rise in *C between the specimen and that for a
similar curve of fiber-reinforced cement board

mean stack temperature rise for unit heat input rate in *C/kW, a constant for a particular
test anstrument

Only sustained flame fronts, 12, when a flame front advances from the igniting burner to the first 3-inch or
subsequent marks at a rate that so that at least 3 seconds have passed since it reached the mark, are taken mnto
account for calculating the Flame Spread Factor, Fs. Flashing, 1.e., a flame front with a duration of 3 seconds or
less, chall be reported but not used for calculation of the Flame Spread Factor, Fs. If flashing occurs, the fact shall
be mentioned in parentheses following the Radiant Panel Index, Is, and reported in the form, for example, Is = 100
[Flashing (F)].

MATERIAL TESTED

Identification: Sample 4

Type Material: Acrylic Sheet

Color: Whats

TEST DATA
Speamen 1 ] 3 !
Flame Spread Factor, Fs 430 487 437 445
Temperature Rise, *C 242 8 2217 2428 2467
Heat Evolution Factor, 4115 3757 4115 4151
Flaming Drppings Time 543 2095 4358 295
Test Duration, m:s 15:00 1500 15:00 1500
Radiant Panel Index, Is 17701 15284 17964 18601
TEST RESULT

The test gesult, the average [5, 15 rounded to the nearest multiple of five as required by Section 121 of the
Standard. Graphic presentation of individual test data is included at the end of this report.

Speamen 1 z 3 1 Average
Radiant Panel Index, I= 17701 | 18294 | 17964 | 186.01 150
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DISTAMCE (Inches)

o

Client:

Test Number:
Date:

Specimen Mumber:

Flame Spread Factor, Fs:
Temperature Rise, "C:
Heat Evolution Factor, Q-
Radiant Panel Index, Is:

E 162 Radiant Panel

Jensen Hughes
B154-6352
December 26, 2017
1

4.30
2428
4115
177.0

i 7 B o

n
e

TIME (Minutes)

Skip Points Location: 3, 6, 12 inches
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DISTANCE Inches)

w

Client:

Test Mumber:
Date:

Specimen Mumber:

Flame Spread Factor, Fs:
Temperature Rise, *C:
Heat Evolution Factor, G
Radiant Panel Index, Is:

E 162 Radiant Panel

Jensen Hughes
51546352
December 26, 2017
2

487
2217
3757
182.94

d

] 3] 7 B ]

TIME (Minutes)

Skip Points Location: 3, 12 inches
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LA DA VTG e s

o

i

E 162 Radiant Panel

Client: Jensen Hughes
Test Number. 5154-6352
Date: December 26, 2017
Specimen Number: 3

Flame Spread Factor, Fs: 437
Temperaturs Rise, *C. 2428
Heat Evolution Factor, Q: 41.15
Radiant Panel Index, 15: 179.64

2 3 4 ] 1] 7 B o

TIME (Minutes)

Skip Points Location: 3 inches
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DISTAMCE (Inches)

=

o

E 162 Radiant Panel

Client: Jensen Hughes
Test Mumber. 5154-G352
Date: December 26, 2017
Specimen Number: 4
Flame Spread Factor, Fs: 4.45
Temperature Rise, *C. 2467
Heat Evolution Factor, Q: 41.81
Radiant Panel Index, Is: 186.01
)=
e ’
{//J
F
J_f
II
/
£
2 3 4 5 & 7 8 1] 10 13 14
TIME [Minutes)
Skip Points Location: 3, 6, 9 inches
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COMMERCIAL TESTING COMPANY

1215 South Hamilton Street - Dalton, Georgia 30720
Telephone (706) 278-3935 - Facsimile (706) 275-3935

Standard Method of Test for
Surface Flammability of Materials
Uszing a Radiant Heat Energy Source

ASTM El162-16
Sample 5
Report Number 17-12276
Test Mumber 5137-5415
December 20, 2017

Jensen Hughes
Balttmore, Maryland

Commercial Testing Company

Wocsne. Gitin

[Anfforssd Semature)

This report 15 provided for the exclusive wse of the client to whom i 15 addressed. It may be used m its enbirety o gam product
acceptance from duly comstituted muthorities. The test results presented m this report apply only fo the samples tested md are
not necessartly mdicatioe of epparent wentical or somilar materials. Sample selection md Wenhfication were provided by the
chient. A sanpling plan, if described 1 the referenced test procedure, was not necessanly followed. This report, or the naome of
Commercial Testmg Commpany, shall not be used under any ciroumstanee e advertismg to the general ;.u.:’!;fk'i:I

TESTED TO BE SUIRE®
Since 1974
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INTRODUCTION

This report is a presentaftion of test results on a material submitted by Jensen Hughes, Baltimore, Maryland. The
test was conducted in accordance with the ASTM International fire-test response-standard E162-16, Surfece
Flammability of Materials Using a Radiant Heat Energy Source. The method provides a laboratory procedure for
mearuﬁ.ﬂa and comparing surface flammability of materials when exposed te a prescribed level of radiant heat

ETEY. It 1z infended for research and de-velnpment only and should not be used as a basis of ratings for ]:lu.ildmg
EDdEE ASTM E162 is an American National Standard I:z"Q\.SIJ and has been approved for use by agencies of the
Department of Defense.

This standard is used to measure and describe the response of matenals, products, or assemblies to heat and
flame under controlled conditions, but does not by itself incorporate all facl':urr required for fire hazard or fire risk
assessment of matenials, products, or assemblies under actual fire conditions.

Mo consideration is made for results that may be obtained if the material being evaluated were tested in
combination with other materials.

FURFOSE

Surface flammability is measured using a vertically mounted propane gas and air fueled radiant heat energy
source and a &-inch by 18-inch fest specimen. The specimen cnentation is at an inverted angle of 30° to the
wvertical surface of the radiant panmel with ignition forced near its upper edge and the flame progressing
downward. A pilot burner, fueled with an acetylene—air mixture, impinges on the specimen near its top edge and
provides ignition. A factor demived from the rate of progress of the flame front, and another derived from the rate
of heat liberated by the material being tested, are combined to provide the final test result, the Radian Panel
Index.

TEST FROCEDURE

A minimum of four specimens with a marximum thickness of one inch is pre—conditioned for 24 hours in a
circulating air oven maintained at 60°C. The dry specimens are then conditioned to equilibrivm in an atmosphere
with the temperature maintained between 21 and 23°C and the selative humidity at 50 = 5 percent. The
conditioned specimens are wrapped with aluminum foil with only the face exposed, placed in a specimen holder,
and backed with 13 mm thick inorganic millbcard. When necessary, a 25 mm hexagonal wire mesh is placed
across the face of the mounted specimens to maintain their integrity during testing.

The radiant heat energy panel is ignited and allowed to preheat at least 1.3 hours prior to of testing. Stack
temperature measurements in the range of 180 to 230°C indicate proper operating conditions. The thermal output
of the radiant panel is verified to be within the specified operating range of 670 T 4°C by measurements made on
a 250 mm diameter area in the center of the panel using a Honeywell radiation pyrometer. Penodic calibration
using a special burner fueled with methane gas provides data (f factor) necessary for calculation of the final test
result. The pilot burner 1= adpr-'l':ed to give a flame appmnmateh- two to theee inches in length. The prepared
specimen is placed on the supporting framework in front of the pa.ﬂel and the timer started simultanecusly. The
time that the flame front on the surface of the specimen arrives at each 76 mm mark, and the maximum
temperature rise measured in the exhaust stack thermopile, are recorded durnng a 13-minute test exposure.

CALCULATIONS

Test results are calculated and expressed as the Radiant Panel Index, Is. The Radiant Panel Index 15 the product of
the Flame Spread Factor, Fs,, a factor decived from the rate of progress of the flame front, and the Heat Evolution
Factor, 0, a factor relating to the rate of heat iberation by the material. The Flame Spread Factor 15 calculated as:

. 1 1 1 1 1
F =1+ + + + +
L=ty Ii—1y -l Gha—-L Ls—1;
Where:
F. = flame spread factor
ty = tme untl aroval of the flame at the 76 mm distance marks
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If there are any segments of the curve where the slope increases, the increase is eliminated by segmenting the
curve from the previous to the succeeding point, thus becoming a “skip point.” These points are treated in the
formula Fs by dropping the terms involving single curve points and replacing them with the single term E/(Tf -
Th) where K iz an integer related to the number of skip points, Tfis the time at the first curve point after the skip,
and Tk is the titme at the last curve point before a skip point.

The Radiant Panel Index is calculated as Is = Fs(Q and the Heat Evolution Factor as (} = CT/f wherge:

C = arbitrary constant 3.7

T = observed maximum stack temperature rise in “C between the specimen and that for a
similar curve of fiber-reinforced cement board

f = mean stack temperature rise for unit heat input rate in *C/kW, a constant for a particular

test instrument

Only sustained flame fronts, 12, when a flame front advances from the igniting burner to the first 3-inch or
subsequent marks at a rate that so that at least 3 seconds have passed since it reached the mark, are taken into
account for caleulating the Flame Spread Factor, Fs. Flashing, ie., a flame front with a duration of 3 seconds or
less, shall be reported but not used for calculation of the Flame Spread Factor, Fs. If flashing occurs, the fact shall
be mentioned in parentheses following the Radiant Panel Index, Is, and reported in the form, for example, Is = 100
[Flashing (F)].

MATERIAL TESTED
Identification: Sample 5
Type Material: Thermoplastic Panel
Nominal Thickness: 1.3mm
Color: Datk Gray
TESTDATA
Speamen 1 z 3 !
Flame Spread Factor, Fs 113 1.87 1.32 1.66
Temperaturs Rise, *C 83 35.0 200 13.3
Heat Eveolution Factor, O 141 3.83 3.39 226
Flaming Doppings Time Mone None Mone MNone
Test Duration, m:s 15:00 1500 15:00 1500
Radiant Panel Index, Is 1.60 11.09 449 4.20
TEST RESULT

The test result, the average I5, is rounded to the mearest multiple of five as required by Section 121 of the
Standard. Graphic presentation of individual test data is included at the end of this report.

Speamen 1 ] 3 ] Average
Radiant Panel Index, I= 1.60 11.09 449 420 5
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DISTANCE {Inches)

[1&]

E 162 Radiant Panel

Client: Jensen Hughes
Test Number: 5157-6415
Date: December 20, 2017

Specimen Mumber: 1

Flame Spread Factor, Fs: 1.13

Temperature Rise, *C. 8.3
Heat Evolution Factor, & 1.41
Radiant Panel Index, Is: 1.60

h

7 g

TIME (Minutes)

Skip Points Location: Mo Skip Points
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DISTANCE (Inches)

n

(%]

E 162 Radiant Panel

Client. Jensen Hughes
Test Number: 5157-6415
Date: December 20, 2017
Specimen Number: 2

Flame Spread Factor, Fs: 1.87
Temperature Rise, *C. 350
Heat Evolution Factor, Q: 593
Radiant Panel Index, Is: 11.09

2 3 4 5 L] 7 B ]

TIME (Minutes)

Skip Points Location: 3 inches
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DISTANCE {Inches)

wr

E 162 Radiant Panel

Client. Jensen Hughes
Test Number: 5157-6415
Date: December 20, 2017
Specimen Number: 3

Flame Spread Factor, Fs: 1.32
Temperature Rise, *C: 20.0
Heat Evolution Factor, Q: 3.39
Radiant Panel Index, Is: 4.49

2 3 4 ] G 7 B ]

TIME {Minutes)

Skip Points Location: No Skip Points
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DISTANCE [Inches)

(&)

E 162 Radiant Panel

Client: Jensen Hughes
Test Number: 5157-6415
Date: December 20, 2017
Specimen Number: 4

Flame Spread Factor, Fs: 1.86
Temperature Rise, *C: 133
Heat Evolufion Factor, Q: 226
Radiant Panel Index, 15: 4.20

2 3 4 5 G 7 B B 10 11 12 13 14 15

TIME (Minutes)

Skip Points Location: 3 inches
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COMMERCIAL TESTING COMPANY

1215 South Hamiltion Street - Dalton, Georgia 30720
Telephone (708) 278-3935 - Facsimile (706) 278-3936

e

Standard Method of Test for
Surface Flammability of Materials
Using a Radiant Heat Energy Source

ASTM Ele2-16
Sample 6
Report Number 17-12279
Test Number 5137-6416
December 18, 2017

Jenzen Hughes
Balttmore, Maryland

Commercial Testing Company

Wocsne. Goetons

(A uforzsd Semature]

This report 1s pravided for the exclusie use of the client fo whom of 15 addressed. It may be used m ifs enfirety to gam product
acceptance from duly constituted mithorities. The test results presented m this report apply only to the samples tested and are
not necessarily mdicative of apparent identical or somilar materials. Sample selection ad ientification were provided by the
client. A sampling plan, if deseribed mn the referenced test procedure, was not necessarily followed. This rrj:lﬂrf, ar the mame of
Commercial Testmg Company, shall not be used under ey circumstanee m advertismg to the gemeral public.

TESTED T BE SUIRE®
Smnce 1974
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INTRODUCTION

This report is a presentation of test results on a material submatted by Jensen Hughes, Balttmore, Maryland. The
test was conducted inm accordance with the ASTM International fire-test response-standard E162-16, Surfice
Flammability of Maferials Usmg a Radiemt Heaf Energy Source. The method provides a laboratory procedure for
meafurino and comparing surface flammability of materials when exposzed to a preseribed level of radiant heat

ETEY. It iz infended for research and develnpment only and should notbe used as a basis of ratings for l:lu.ild.mg
c-:-des ASTM E162 is an American National Standard (ANSI) and has been approved for use by apencie: of the
Department of Defense.

This standard is used to measure and describe the response of materals, products, or assemblies to heat and
flame under controlled conditions, but does not by itzelf incorporate all factors required for fire hazard or fire nisk
asses=ment of materials, products, or assemblies under actual fire conditions.

No consideration is made for resultz that may be obtained if the material being evaluated were tested in
combination with other materials.

FURFOSE

Surface flammability 15 measured using a vertically mounted propane gas and air fueled radiant heat energy
source and a G-inch by 18-inch test specimen. The specimen crentation iz at an inverted angle of 30° to the
wertical surface of the radiant panel with ignition forced near its upper edge and the flame progressing
downward. A pilot burner, fusled with an acetylene—air mixture, impinges on the specimen near its top edge and
provides ignition. A factor denived from the rate of progress of the flame front, and another derived from the rate
of heat liberated by the material being tested, are combined to provide the final test result, the Radian Panel
Index.

TEST FROCEDURE

A minimum of four specimens with a maximum thickness of one inch iz pre—conditioned for 24 hours in a
circulating air oven maintained at 60°C. The doy specimens are then conditioned to equilibrium in an atmosphere
with the temperature maintained between 21 and 23°C and the relative humidity at 50 £ 5 percent. The
conditioned specimens are wrapped with aluminum foil with only the face exposed, placed in a specimen holder,
and backed with 13 mm thick inorgamic millboard. When necessary, a 25 mm hexagonal wire mesh iz placed
across the face of the mounted specimens to maintain their integrity during testing.

The radiant heat energy panel is ignited and allowed to preheat at least 1.5 hours prior to of testing. Stack
temperature measurements in the range of 150 to 230°C indicate proper operating conditions. The thermal cutput
of the radiant panel iz verifiad to be within the specified operating range of 670 * 4°C by measurements made on
a 250 mmn diameter area in the center of the panel uzing a Honeywell radiation pyrometer. Periodic calibration
using a special burner fueled with methane gas provides data (f factor) necessary for calculation of the final test
result. The pilot burner iz adjusted to give a flame approsamately two to three inches in length. The prepared
specimen 15 placed on the supporting framework in front of the panel and the timer started simultaneously. The
time that the flame front on the surface of the specimen arrives at each 76 mm mark, and the maximum
temperature rise measured in the exhaust stack thermopile, are recorded durning a 153-minute test exposure.

CALCULATIONS

Test results are calculated and expressed as the Radiant Panel Index, [s. The Radiant Fanel Index is the product of
the Flame Spread Factor, Fs,, a factor derived from the rate of progress of the flame fronf, and the Heat Evolution
Factor, (0, a factor relating to the rate of heat liberation by the material. The Flame Spread Factor is calculated as:

1 1 1 1 1
+ + + +

F =1+
L=ty =0y L—f G-k hs—l;
Where:
F. = flame spread factor
ty = time unfil arnval of the flame at the 76 mm distance marks
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If there are any

segments of the curve where the slope increazes, the increase is eliminated by segmenting the

curve from the previous to the succeeding point, thus becoming a “skip point.” These points are treated in the
formula Fs by dropping the terms involving single curve points and replacing them with the single term E/Tf -
Th) where K is an integer related to the number of skip points, Tfis the time at the first curve point after the skap,
and Tk is the time at the last curve point before a skip point.

The Radiant Panel Index is calculated as Is = FsQ and the Heat Evolution Factor as = CT/f where:

C
T

B

Only sustained

arbitrary constant 3.7

observed mawimum stack temperature rise in *C between the specimen and that for a
stmilar curve of fiber-reinforced cement board

mean stack temperature rise for unit heat input rate in *C/kW, a constant for a particular
test instrument

flame fromts, 12, when a flame front advances from the ipniting burner to the first 3-inch or

subsequent marks at a rate that so that at least 3 seconds have passed since it reached the marck, are taken into
account for calculating the Flame Spread Factor, Fs. Flashing, ie., a flame front with a duration of 3 seconds or
less, shall be reported but not used for calculation of the Flame Spread Factor, Fs. If flashing occurs, the fact shall
be mentioned in parentheses following the Fadiant Panel Index, Is, and reported in the form, for example, Is = 100

[Flashing (F)].

MATERIAL TESTED

Identification: Sample &

Tvpe Material: Coating Applied to Fiberglass Fanel
Nominal Thickness: 7.3mm

Color: Light Beige

The test gesulf,

TESTDMATA
Speamen 1 2 3 !

Flame Spread Factor, Fs 1.00 111 1.07 111
Temperature Rise, *C 217 289 278 18.9
Heat Evolution Factor, Q 367 490 471 3.20
Flaming Doppings Time MNone MNone Mone None
Test Duration, mos 15:00 1500 15:00 1500
Radiant Panel Index, [s 3.67 (F) 542 (F) 204 (F) 3.35 (F)

TEST RESULT

the average [s, is rounded to the nmearest multiple of five as required by Section 12.1 of the

Standard. Graphic prezentation of individual test data i= included at the end of this report.

Speamen 1 i J Average

i
Radiant Fanel Index, Iz 3.67 42 3.04 3.55 3 (Flashing)
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DISTANCE (Inches)

(5]

Client:

Test Number:

Date:

Specimen Number:

Flame Spread Factor, Fs:
Temperature Rise, *C:

Heat Evolution Factor, Q:
Radiant Panel Index, |s:

E 162 Radiant Panel

Jensan Hughes
5157-6416
December 18, 2017

1

1.00
217
367

367 (F)

&n

] 7 B B

TIME (Minutes)

Skip Points Location: Mo Skip Points
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DISTAMCE (Inches)

o

E 162 Radiant Panel

Client: Jenssn Hughes
Test Number. 5157-6416
Date: December 18, 2017
Specimen Number: 2

Flame Spread Factor, Fs: 1.1

Temperature Rise, *C: 28.9

Heat Evolution Factor, G 4.90
Radiant Panel Index, 1. 542 (F)

TIME {Minutes)

Skip Points Location: Mo Skip Points
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DISTANCE (Inches)

n

(=]

E 162 Radiant Panel

Client: Jensen Hughes
Test Number. 5157-6416
Date: December 18, 2017
Specimen Number: 3

Flame Spread Factor, Fs: 1.07

Temperature Rise, *C: 27.8

Heat Evolution Factor, O 471
Radiant Panel Index, 1. 5.04 (F)

TIME (Minutes)

Skip Points Location: No Skip Points
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DISTAMCE (Inches)

w

E 162 Radiant Panel

Client: Jenssn Hughes
Test Mumber: 5157-6416
Date: December 18, 2017
Specimen Number: 4

Flame Spread Factor, Fs: 1.11

Temperature Rise, *C: 18.9

Heat Evolution Factor, Q: 320
Radiant Panel Index, 1s: 3.55 (F)

TIME (Minutes)

Skip Points Location: Mo Skip Points
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96-D Allen Boubsvard

Farmingdale, Mew York 11735-5826 USA
Tel. +1 (B34) 2038044 Fax +1 (53] 2038086
email estingfgownarkcom

Page 1
[Received: 11/13/2017|Completed: 117162017 | Letter:1 | JB | P | Test Repart : 32221940
Client's Composition: Woven glass fabric with high temperature phenolic resin.
Identification Weight: 7. Density: SG=1 80.
Tested For: Brian Y. Lattimer Key Test: ASTM E 162 775
Jensen Hughes, Ine
220 Kraft Drive, Suite 3020 Tek 1-4{540)-B08-2800 Ext:
Blacksburg, VA 24060 Fae: 1{ ) -
CLIENT' & IDENTIFICATION (continuation):
Thickmess: 0.125".
Category:Radiant Panel Specifier:ASTM LE 2016; ¥ 11/17 NTR 8/16 PC:J4HME Jdl Emimg

TEST FPERFORMED:
Radiant Heat Emnergy Souroe

AFFROXIMATE [x] THICKMESS [ ] DIAMETER OF MATERIAL (as measured by Gowmark) ;

EFECIMEN:
[x] Rigid Material: &* x 18"

] Cellular Sheet Foam Materials: 6" x 18"

] Fabric/Flexible Materials: 10% x 22"

] Cable: 18" lengths were grouped to form 6® x 18° test specimens

1

[
[
[
[ ] Other: &® x 18" perpared as follows:

SFECIMEN PREPARATION:

[ ] o backing reguired; as specimens exceeded 0.75" in thickness.

[ ] The specimens were backed with 1/4® high denmity reinforced cement board.

[x] The back and sides of each specimen were wrapped with 0.002" thick aluminum
foil.

[ 1 The face of each specimen was covered with a 1® hexagonal wire mesh screen.

CALIERATION FACTORS:

Etera board correction factor:
Beta: 31.88
Flux: 2.9 -

18*C

1.8 - 0.9 (Flux Transdwcer § 184112)

== See Page 2 for "Results® --

(Page 1 of 3)

0.140"

[ ] The specimen was flexible material such that the top and bottom of the 10° x
22" ppecimen was wrapped around the back of the board with all slack remowed.

RETM E 162 - Standard Test Method for Surface Flammability of Materials Using a

[x] The specimens were backed by a 0.5 Etera board (a cement asbestos subsbtitube) .
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$6D Alan Boulsvard
Farmingdale, Now York 11735-5626 USA
m'k Tal. +1 (B31) 2038044 Fax +1 (531) 2038088
e-mall: estngifipownanocom

Page2
4&]!'31:] Ulilﬂﬂl?lﬁ'{nm pleted: | 171672017 ]L.!I.'t!l": | ] 1B ] P& Test Report #: 3-222190- |
lient's ition: Wowven glass fabric with high temperatune fhenolic resin
Tested For: Brian Y. Lattimer Key Test: ASTME 1462 ™
Jemsen Hughes, Ine
20 Kraft Drive, Suite 3020 Tel: [-(340)-808-2800 Eut:
Blackshurs VA 24060 Faxs 1-( % -
RESULTS : Flaming
Dripping,
l Flame FPFrogression (mm:ssa) Het Flame or Flaming
PECImE - - - — oo Stachk Spread Running
# J_g* &.0" .o" 1z2.0% 15.0" Rimm*C Q2 Fa Index+* I_}"Eﬂ_."nn:‘
1 FH FH FH FH FH 3.0 0.5 1.0 0.5 (=]
2 FH FH FH FH FH 28.0 5.0 .o 5.0 (=]
| FN FH PN FH FH 2.0 o.a 1.0 0.4 B
a4 FH FH FH FH FH 2.0 0.4 1.0 0.4 . (=]
Avg: 1.8

Flame Spread Index rounded to nearest multiple of 5): Rounded :

b While the Standard calls cut "Radiant Fanel Index”, Gowmark reports *Flame Spread Index® since this
s the terminology used in most Code specifications. *Flame Spread Index® and *Radiant Fanel Index® are
jdentical for the purposes of this report.

ABBREVIATIONS WHICH MAY BE USED:

F = Flashed beyond benchmari

FH = Flame front did not reach this benchmari

DNI = Did not ignite

WIRE MESH EVALUATION: If wire mesh was used, the flame front was attributable to the burming of the

fegidus oo the wire meah: [ ] Yesa; [ ] Ho

REMARES: Hooe.

ACCEFTANCE CRITERIA: None cited.

MONCLITSION : Not applicable.

-- Bee Page 3 for "Brief Description of Test® and "Cbservmations™ --

(Fage 2 of 3}
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#5-0 Allen Boulevard
Fanmingdale, Mew York 11735808 USA

Gwmark Tel. +1 (831) 283-8844 Fax +1 B31) 263-8056

e-mail lestingigovwnarnk com
Page 5

Received: 1 1/1 32017 ICompleted: 111162017 [Letter: | | 18 | PO Test Report # 3272190
Client's Composition: Wowen glass fabric with high tempersture phenolic resin.
Identification| Weight: 7. Demsity: 3G=1_80.
Tested For: Brian Y. Lattimer Key Test: ASTM E 162 75

Jemsen Hughes, Ine

020 Kraft Drive, Suie 3020 Tel: 1-(340-B08-2800 Exi:

Blacksburg, VA 24060 Fax: I-{ » -

ERIEF DESCRIFTION OF TEST: The test specimen faces a radiant heat source. At the begimming of the test
period, an igniting flame impinges at the top of the specimen. Visual cbservation is made of the
dowrmward progression of the flame front. The test is completed when the flame fromt has progressed to
the 158" mark ¢ after an exposure time of 15 mimetes, whichewver occurs first. The heat given off by
the burning specimen is avtomatically recorded. The formula takes intd account the starting temperature
and the peak temperature. The combinaticm of the two factors, flame fromt progression and temperature
rise, result in a Flame Spread Index. Flaming rumming andfor flaming dripping is also recorded.

OESERVATIONS :
Non Sustained Bustail ned All Drips
Flame Front Flame Fromt Flamimng Flame on
Flashing++ Ignition at ot Test End Test Floor
Epecimen # { yes/no) (mm:ms) (mm: =] (mm: s {y=s/na)
1 Bo NI DHI 15+ Ko
2 o DNI DNI 15+ Mo
3 o DI DNI A5 : 00 Mo
B B DNI DNI 150 Ko

++ Flashing is defined as a flame fromt of 3 seconds or less in duraticon. Where ANY flashing has
occurred, an individual specimen's Flame Spread Index is understood to be gualified as "Flashing®.

AEEREVIATIONE WHICH MAY EE USED IN "OESERVATIONE® :

DNI = Did not ignite
EE = S5till burning at test end

CERTIFICATION: I certify that the abowve results were cbtained after testing specimens in accordance
with the procedures and equipment specified abowe.

Mr. Michael Magee

A
il

T v 22200

sy
(Page 3 of 3]

The results conkined in this report relate only 1o i%mis) esed. The test report shall not be
reproduced . excepl in full, wilhout written approval Trom Gowvmark
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Taat

Radiant Panel ASTM E 162 | ASTM D 3675

Clint : Jensen Hughas, Inc
Tosl Report # :© 3.22218-01
Tem Date 1AEMT
Busta 3188 T W
Specimen | Bum Time { min sec ) 'Stack Temp |Heat Evolution | Flama Spread  Flame Spread
00 B0 90" 1200 180" Rese("C) | Facor(Q) | Factor Index
1 FN FM FM FH FN | a0 as | 10 | D&
2 |FN FN FN FN FN 80 | 50 [ ED TR
3 | FN FM FM  FN FM 20 o4 1.0 04
4 | FM FH FM FM ] 20 | 04 1.0 04
Average | | . | 18
Govmark
G960 Allen Bivd
Farmingdale, NY 11735
631-293-5544
W, govmark. com
Report Mumber - 3-22218-0 81 ASTM E162 Test Date - 111617
i) g
7004 - — '—r-
= [Wpia input
B
211] Pamk Temp: 227.1°C
Bassine Temg: 2058°C
850
[, 1 1) TP -S———
:6‘05:
"gm .......
-
N
&0
= B i T R ——
W :
150
100
L1
uEl 2 [] [ B 10 12 i 1 ia A
Time (minutes)
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Govmark

06D Allen Blvd
Farmingdale, NY 11735
631-293-8044
W JOVTTAK Coim
Report Number - 3-22219-0 #2 ASTM E162 Tast Date : 111617
R S e e e S e
o 1
- = [ligilal npLs
&0
Ll Pask Temp: 248.1°C
Basalne Temp: 202.1°C
580
S0
0=
T CWERTNSe, SINDUREY L LRR e
i-
&
pie
= p | S P SN P e
g - i
]
]
2
o
[ ? d 8 B [ 12 " 3 18 0
Time (manutes)
Govmark
G600 Allen Blvd
Farmingdale, NY 11738
631-293-5044
www. govmark.com
Report Number - 3-22218-0 £3 ASTM E162 Test Date - 1116417
T e e
700
w0
800 Posk Temp: Z205°C
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“U“ ] R S—
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b}
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100
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o 2 [} E -] mn 12 “ 6 i =0
Time (minutes)

Figure B 2. All the radiant panel test results
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Appendix C.
NFPA 286 Test Results of Rail Car Interior Materials

C.1 Govmark Testing Reports of NFPA 286 Tests

Seven materials were tested in accordance with NFPA 286. The testing was performed
at SGS Govmark from December 11, 2017, to December 14, 2017. Official test reports
are included in this section.

C.1.1 Test 1: Sample 6, FRP1 (Completed 12/11/2017)

96-D Allen Boulevard

Farmingdale, New York 11735-8828 USA
mrk Tel, +1 (531) 203-8944 Fax +1 (531) 283-8056

e-mail: testing@govmark com

P

Fagc
Received: | 2/06 3U|7|L'erm|3rt1td: 12/14/2017 [Letter: A MM | PoOw: Test Report #: 3-23575-0-
Client's Product Description: Fiberglass sheet #1, 104", End Usc: Wall lining for interior passager railcar.
Identification;
Tested For: Brian Y. Lattimar Key Test: NFPA 286 (BLDG) WIT I6TS
Jenzen Hughes, Inc
202 ve, Sufte 3020 Tel: 1-{540-808-2800 Exi:
Blacksburg, VA 24060 Fax: 14 }- -
F HE
I X IAL

File Copy

Figure C 1. Test 1, sample 6
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Govmark

This test was completed on December 11, 2017, and the date on the report is in error.

B8-0 Allen Boubevard

Farmingdake, New York 117355636 USA
Tal. +1 (631) 203-8944 Fax +1 (531) 283-80958
e-mail; iesting@govmark.com

129

Pagp 2
Reccived: 12062017 |Completed: 12/142017 [Letier: A | MM | P00 Test Report #: 3-23575-0-
Client's Product Description: Fiberglass sheei #1, 1/4%, End Use: Wall lining for interior passager railcar.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) WIT 3675
Jensen Illlgi‘l.ex. Ine
2020 Krafl Drive, Saite 3020 Tel: 1-{540)-R08-2800 Ext:
Blacksburg, VA 24060 Fax: 14 ¥ -
CATEGORY ; RE3ULTE;
160 kW Exposure {contimued):
lgl Peak Temperature Readimgs --
Boom midpoint: 1588 fR: agd *C
fuadrant #1: 15324 “Fa 1950 =L
Juadranc W2: 1466 "Fy b R
Quadranc #3: 1265 "F; 685 *"C
Ouadrant #4: 1326 "F; Ty *C
AVERAGE 3 11828} "F: (83z] *C
th) Peak Carbom Mopoxide Reading: 445E ppm
(L) Peak Carbeon Dicxide Beading: I perccent(¥]
(1) Peak Heat Flux at Fleor Level: (22.68) kW/me
(k) Tgnition of Paper Monltors on Flosr: ([x] Yesl; [ ] He
(1) Laceral Flame Spread --
B Fe. WAll: B fE 0 im
Near 12 ft. Wall: it f£ 2 in
Par I2 fc, Wall: 2 fr B in
(m} Flames Exit Doorway: [ ix] Yes}; | Mo
in) Flaming Droplets are not factored into the Fallure Criterlia;
however, they are reported as en observation:
i1] Flaming Droplets are chaerved: Yes; [x] NHo
12] A Eire pocl forms beneath the test ztem: Yes; [x] No
13) If a fire pool cccure, the level of
incenaicy is describsd as: ! Mimor; [ ] Moderace; [ ] Intanse
to] OBEERVATIONS:
Note: Parentheses | | are used to indicace & remilt chat ceapresents a flashover value.
Page 2 of 3}
Fife Capy



B&-0 Allen Boulevard
Farmingdale, New York 11735-5626 USA

w Tal. +1 (B31) 203-8944 Fax +1 (831) 263.8956

e-mad; lesting@govmark.com

Page 3
}l{euiwd: [l"ﬂﬁ"lﬂi?|c:lm|1lewd: P2 1420107 |L:tlrr: A i MM |P.U.#: Test Report #: 3-23575-

Client's Product Description: Fiberglass sheet #1, 1447, End Use: Wall lining for interor passager railcar.
Identificatio
Tested For: Brian Y. Lattimer Key Test: NFPA 285 (BLDG) WIT 3675

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-{540-B0R-2800 Exi:

Blacksburg, VA 24060 Fax; Is{ » =

FLASHOVER CRITERTA: Flashowver ig determined to have occurred when any tws of the Easllewing conditions
haws been attained:

{1 The heat release rale exceeds 1 MW (1,000 W)

{2) Heat flux at the floor axoeeds 0 kW/m?

{3) The average upper layer temperabure excesda S00*C [L1137F]
(4) Flames exit the doorway

(5) Rutoclgnition of a paper targst on the [loor OLCUEE

ACCEPTRMCE CRITERIA - RAs cited by:

(A) The 2015 Edicion of NFPA 101 Life Eafery Code, para. L0.2.3.7.2;
(B} The 2018 Editdion of WKFPA S000 S8uilding Construction and Safety Code, para
() The 2015 BEditcion, Internaticnal ELI..'.J.IZi.]...EJ Code, para. B03.1.2

{1] During the 40 k¥ exposure, flames shall not spread to the celling,

{2l The flame shall not epread to the cuter extremicy of the sample on
any wall or celiling.

13} Flashower shall not coour.

{4] The Feak Heat Release Rate throughout the test shall not excesed 800 kW,

[&} The Total Smaoke Released throughout the test shall not exceed 1,900 m?,

REMAEES: Test was conducted in the preaence of Brian ¥. Latcimer & Sctefan Kralt (Jensen Hugines, Ine, |

COMCLUSION 2 Based on the above Hesulbs and Accepbance Criteria, the item tesced:

| Paeges; [ Faila

CERTIFICATION: I certify th

J' the above results were obtained after testing specimens in scoordance
with the procedures and eguij

T BPE'CII].EL': abaova.,

e N e e e — Test Technician: Michasl Mages
AUTHORIZED SIGHNATURE
F0VMARK

fac fpm

-y

|Page 3 of 3} ':ﬁ!'_}f:ﬂ'fi}’ ’j;-‘"n?i{-"ﬂ

78
The results comaimed in this repaost redntz only 1o iemys) tested, The tes repart shall not he

Fite Copy
reprodluced, except in full, withowt writien approval from Govenark, & Ly

Figure C 2. December 11, 2017 completed testing
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C.1.2 Test 2: Sample 1, Thermoplastic 1 (Completed 12/11/17)

BE-D Allen Boudevarg
Farmingdale, Mew York 11735-56826 USA

w Ted, +1 [631) 203-8944 Fax +1 {531) 203-A555
a-mail: testing@govmark.com

Page |

Heceived: 1 2/06/2001 -"|LTum pleted: 1271172017 |Letl.l:r: E |MM | P.OLE: Tesl Reporl & 3235794
Client's Product Description: Thermoplastic #1. End Use: Various interior pass-rail components.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) WIT 3675

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1=(540}-B08-2 800 Ext:

Blacksburg, VA 24060 Faxi |- » -
Category: Room Corner BLOG: W 03/15 FO: 7 days fid

WEPA Z86: LE: 2018; ¥V 03/15; NE 2019

APFROXIMATE THICYNESE OF SUBMITTED MATERIAL {as measured by Govmark): 0.2 "

TEST PERFORMED: HNFPA 286 - Standard Methods of Fire Tests for Evaluating Cemtribution of Wall and
Ceiling Incericr Finish to Room Fire Grewth

BRIEF LESCRIFTION OF TEST: The test 1s conducted in an 8 Et. high fire room, The test panels cover
three of the fire room walls. A square gas burner located at che bottom of che cormer offers an open
flame ignition exposure of 40 kW for a pericd of § minutes, and 160 kW for a period of 10 minutes

Teat chservabions are made. Video is recorded and included with original cest report,

TIME FROM CONDITIONING ROOM TO START OF TEST: &0 minutes

CRATEGCAY: EESULTS1
40 kW Exposure

Flame Hefght: 5 ft 2 in at (mmise] O4rdd

160 kKW Exposure

lal Peak Rate of Heat Release: 240 kM
[includes 160 kW Exposura]

1B Time bo Hedck Peak: 343 seconds

\¢] Total Heat Releass --

5 mifuzbes: 11.% M3
10 minutea: 0.2 MNT
15 mimsbes: 121.7 MJ
1dl Peak Rate of Smoke BEeleans: 4 mifia
2] Time to Reach Peak: 300 seccnds
{f1 Total Smoke Released -- 70,2 me
(Page 1 of 3)

File Capy
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Govmark

B6-D Allen Boulevard

Farmingdale. Mew York 11735-5626 LUSA
Tel, +1 {631) 203-8944 Fax +1 (531} 283-8856
a-mail: teslingi@govmark. com

Poge 2
[Received: 120672017 |Completed: 12/11/2017 [Letier: E | MM P.O#: Test Report #: 3-23579-0-
Cliemt's Product Description: Thermaoplastie #1. End Use: Various interior pass-rail components.
Identification
Tested For: Brian Y, Lattimer Key Test: NFPA 286 (BLDG) WIT 3678
Jensen Hughes, Inc
2020 Krall Drive, Suite 3020 Tel: 1-{340}-808-2800 Ext:
Blacksburp, VA 24060 Fax: 1< ) -
CATEGDRY: RESITLTS :
160 =W Exposure (continged):
[g} Peak Temperature Readings --
Roem nidpaints BO4 "F; 4393 "C
Quadrant #l: 11584 “F; 823 "C
Suadrant f2: BEO3 "F; 428 *C
Quesdrant #3: A2 "Fy 351 °C
Dusdrant f4: 677 *F; 358 *C
AVERRGE ¢ B34 "F; 440 *C
[hi Peak Carbon Moooxide Reading: &03 ppm
(1} Feak Carbon Dioxide Reading: 1 percent | ¥}
{3) Fuak feat Flux at Floor Lewel; 1.3 kM/mE
ikl Egniticn of Paper Mconitora on Floor: [ 7 Yes; [x] Ho
{1] Lateral Flame Spread --
B fE. Wall: 3 e 0 dn
Bear 12 ft. Wall: 4 e 2 in
Far 12 ft. Wall; ¢ EE O in
() Plames Exit Bocoway = [ ] ¥Yes;: [x] Ko
(n) Flaming Droplets are not factored into the Fallure Criterla;
howaver, they are reported as an observation:
(1} Flaming Droplets are chaerved: [#¥] Yes: [ ] Ho
(2) A fire pool [orms beneath the test ltem: [x] Yes; | ] Mo
(3) If a fire pocl ocours, the level of
intenaity iz deseribed as: [ 1 Minor; [x] Moderate; | | Intense
(o} DESERVATIONS:
Note: Farentheses [ ) are used to indicate a result thart represgnts a flashover value.
[Page 2 of 3)
File Copy
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86-D Allen Boulevard
Farmingdale, New Yark 11735-5628 USA

w Tel +1 (B31) 293-8944 Fax +1 (531) 293-8058
e-mail: testingdgovmark.com

Page 3
[Received: 12:0672017|Completed: 12/112017 |Letter: E | MM P.O#: Test Report #: 3-23579-0-

Client's Praduct Description: Thermoplastic #1. End Use: Various interior pass-rail components.
ldentification
Tested For: Brian Y. Lattimer Key Test: NIFPA 286 (BLDG) WIT 36T

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: [-(540)-808-2800 Exi:

Blacksburg, VA 24060 Fax: I } -

FLASHOVER CRITERIA: Flashover is determined tao have occurred when any two of the follewing coaditiong
hawve bean attaiped:

(1] The heat release rate exoseds 1 MW (1,900 EW]
12) Heat flux at the Eloor exceeds 20 kW/m?
(3] The awverage upper layer temparaturs sxceesds &00°C [1112°F)
(4] Flames exit tha dooray
(5] Auteignition of a paper target on the floor occurs
ACCEPFTARCE CRITERTA - As cited by:
[A) The 2015 Edition of NFPA 101 Life Safety Code, para. 10.2.3.7.2:
[B} The 201% Bdition of NFFA 5000 Building Comstruction and Safeky Code, para. 10.4,5,2;
[C} The 2015 Bdition, International Building Code, para, 803.1.2

(1] During tha 40 KW exposure, [lames shall not spread to the ceiling

(2] The flama shall not epread to the outer extremity of the pample on
any wall or ceiling.

[3) Flashower shall nob sesur.
[4} Tha Peak Heat Release Rate throughout the test ghall not excead 00 kW,

[5) The Total Swmoke Released throughout the tesh shall not exceed 1,000 m?,

REMARKS: Test was conducted in the presence of Brian ¥. Lattime & Stefan Hraft (Jensen Hughes, Inc)

CONCLUSTON: Based on the above Results and Acceprtance Criveris, the item tested:

[x] Passes; [ 1 Fails

CEETIFICATION: T cercify Lihy
with the procedures and eg Nt specified ahowve

peC 2 & 201

...................... J - Test Téechnician: Michasl Magee

AUTHORIZED SIGHATURE
[
{Page 3 of 3} f'_E,UlEf:ff ‘ﬁww

GOVMARY
fac fpm

Ihe resules contained in this repon relage only 1o itemds) iested, The test report shall not be

reproducad, exeepd in full, withow written appeoval from Govemark: File Copy

Figure C 3. Test 2, sample 1
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C.1.3 Test 3: Sample 2, Sandwich Composite 1 (Completed 12/12/17)

Govmark

86-D Allen Boulevard

Farmingdabe, New York 11735-56826 USA
Tel, +1 (831} 293-8944 Fax +1 (631) 203-8958
e-mail: testingi@ govmark_com

Page |

T
[Received: | 206201 Tl(.'.‘nmpleled'. 121272017 |Lesier; B

| MMl PO Test Repor #: J=23576~0-

Client"s
Identification| "assenger

Product Drescription: Sandwich panels # 1 (Aluminum Plywood Steel) . End Use: Wall lining & Bulklweads in Railear

Tested For: Brian Y. Lattimer
Jemsen Hughes, Inc

Koy Test: NFPA 286 (BLDG) WIT 3675

TEST PERFCRMED: NFPA 286 - Standard
Ceiling Interior Finish to Room Fire

BRIEFT DESCRIPTICOH oF TEST:
threa aof tha fire room walls

The ceat
flame ignition exposuce of 40 kW for
Test cbservations are made. Videc is

TIME FROM CONDITIONING ROOM TO START

CATEGORY 1

40 kW Exposure

Flama Heights

1&E0 KW EX'FIDBU.'I:’E‘
Peak Rate of Heat Releasa:
[includes 150 kW Exposure]
Time Lo Reach Peak:
Tatal Heat Relsags --
5 minutes:
10 mlnutes:
15 minutes:

Peak Rate of Smoke Release:

Time Co Reach Peak:

Total Smoke Released --

2020 Kraft Drive, Suite 3020 Tek: 1-{3407)-808-2800 Exi:
Blacksburg, VA 22060 Fax: 14 } -

Category: Room Corner BLDG: W 03/15 PCi 7 days Fin i1

NFPA ZB6: LE: 2015; V 03/15; NE 2019

APPROXIMATE THICENESS OF SUBMITTED MATERIAL (aa measured by Govmark): bl N

A aquare fas by

Methads of
Orowthn

Pire Tests for Evaluating Contribution of Hall and

is conducted in an 8 ft. high fire room. The test panals cover
irmer located ab the bottom -of the corner offers an open
& pericd of & minutes, and 160 kW for & period of 10 minuces.
recorded and included with original cest reapart,

OF TEST: &9 minutes

RESULTS :

§F £ 0 in at (mm:ss) 04:40

s soconds

MI
MJ
MJ

1 m¥s

85 peconds

Fife Capy

134



@ covman

B6-0 Adlen Boulevard

Farmingdale, Mew York 11735-5826 LISA
Tel. +1 (631} 203-8044 Fax +1 (631) 293-80956
e-mail- testing@govmarnk com

135

Page 2
[Received: IE."ﬂ&'ﬁﬂl?]C{:mplelaﬂ: 12122017 ll...:mer-, B |!\-'I!'-'I [ POl Test Report #: 1.23576-0-
Client"s Product Description: Sandwich panels #] {Aluminam Plywood Steel) . End Use: Wall lining & Bulkheads in Railcar
Identification| Passenger .
Tested For: Brian Y, Lattimer Key Test: NFPA 286 (BLDG) WIT I6TS
Jemsen Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel: 1-{530)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 14 } -
CATEQODRY : RESULTS -
160 kW Expasure {continued):
{g) Peak Temperature Readings
Roam midpaint 1396 *F; TEd "2
Quadrant #lc LT2% -*F] 238 *C
guadrant #2: LIEl "F, T4 "C
Guadrant #3: L2780 *F; &88 "C
Quadrant #d: 1207 "Fy 653 &
AVERRMGE « [LI94}*F; [(TETI*C
(h} Peak Carbon Monoxide Reading: 45331 ppm
(1} Peak Carbon Dioxide Reading: 1 percent (%]
[} Paak Heat Flux at Floor Lewel: [20.31 KW/m?
(ki Igniticn of Paper Monitors on Floor: ] Tes;: [x] NHe
(1} Lateral Flama Spread
8 LL, Walli 6 fc 8 in
Hear 12 PE. Wall: T EE A In
Far 12 £t. Wall: 0 f 0 in
jm] Flamar Exit Doorway [x] Yes; [ ] Ho
[n} Flaming Droplets are not factored inte the Failure Criteria;
however, they are reported as an obeervation:
(L} Flanming Droplets are cbEerved: [ ] Tea; Ix] Ho
(2} A Eire pool forms beansath the test item: [ 1 ¥es;: Ix] Ra
(3} If a fire pocl ocowrs, the lewel of
intenslty is deseribed as: | 1 Minor; | | Mederate; | | Inténse
[a} OESERVATIONS:
Note: Parentheses ( ) are used to indicate a result that repregents a I[lashover wvalue.
(Fage 2 gf 3)
File Copy



86-0 Alan Boulavard

Farmingdale, New York 11735-5626 USA
m Tel, +1 [631) 203-8944 Fax +1 (531) 203-3056

e-rmail; testing@govmark.com

Page 3

Received: 1206201 T|Completed: 1211272017 |Letter: B | MM | PO Test Report #: 3-23576-0-
Client's Product Description: Sandwich panels #1 (Aluminom Plywood Steel) | End Use: Wall lining & Bulkheads i Raibcar
Identification| Passenger
Tested Four: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) WIT 3673

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-4340}-808-2800 Exi:

Blacksburg, VA 24060 Fas: §{ )- -

{11
12]
130
i)
15}

LA
(B)
[{0g]

[1

FLASHOVER CRITERIA: Flashowver 1s determined o have ccourred when anmy two of the follewing conditions
have hesn attained:

ACCEPTANCE CRITERLA A8 cited by:

REMARES: Test was conducted in tho presence of Stefan Kraftt {Jemeen Hughes, Inc.)

CONCLUSIOR;:; Based on the abowe Eesulte and Acceptance Criteria, the item tested:

with the procedures and eguipce cified above.

ATUTHORIZED SIGHATURE
GOVMARK
fac fpm

The heat reledse rate exceeds 1 ME (1,000 kW)
Heas Flux at the floocr excerds 20 kW/m®

The average upper layer temperature exceeds &00°C [l112°F)
Flames exib the doorway
Autolgnition of a paper target on tha floor ococecurs

The 3015 Edition of NFEAR 101 Life Safery Code, para, 10.2.3.7.2;
The 2015 Editign of HFPPA 5000 Building Construction and Safety Code, para. 10.4.5.24;
The 201% Edition, Intermational Bullding Code, para. BO03.1.2

11} During the 40 kW exposure, flames ghall not spread to the ceiling,

|2} The [lame shall mst spread to the outer extremity of the sampls on
any wall or ceiling.

13) Plashover shall oot ooour,
14) The Feak Heat FEelease Rate throoghout the cest shall mot exceed 800 kW

\5] The Totsl Emoke Re=leased throughout the test shall not exceed 1,000 m=.

Passes; [x] Fails = T i
':1-1355'1" “oagwiv

ovie results were obtained after testing specimens in accordancs

Test Techrnician: Michasl Mages

(Bage 3. 9f 3] IEIEE- "E, 'p"lu iﬂﬂ

The results contained I this report relate only 1o jvensds) wested. The best report shall not be File €
r\:pmduc:ﬁ_ extepl in full. withowt written :Lprmn.'nl Frosm Govmark, oy

Figure C 4. Test 3, sample 2
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C.1.4 Test 4: Sample 5, Thermoplastic 2 (Completed 12/12/17)

@Gwmark

95.0 Allen Boulevard

Farmingdale, Mew York 11735-5626 USA

Tel +1 (631) 293-B044 Fax +1 (631) 283-8988
e-mail: testingigovmark.com

Jensen Hughes, In
2020 Kraft Drive, Suite 3020
Blacksburg, VA 24060

Page 1
[Received: 1206/ 2"-”'r Completed: 12/12/2017 |LHI:Er' c MM | PL#: Test Report #: 3-23577-0-
Client's Product Description: Thermoplastic 82, End Use: Various interior components for passenaer railcars,
Tdentification
Tested For: Brian Y. Lattimer Key Test: NFPA 280 (BLDG) WIT 3673

Tel:
Fax:

1-{ 540)-B08-2800
4 ) -

Ext:

Cacegary:
NEEA 2861

Room Corner
LE: 2015; ¥V 03/1%; NE 30198

BLDG: W 03715

APPRONIMATE THICEMESS OF SUBMITTED MATERIAL

TEST PERFCRMED: MNFPA 288 -
Cailing Intericr Finish to Room Fire Growkh

BRIEF DESCRIPTION OF TEST:
three of the fire roocm walls. A s4quare gas hu
flame lgnition exposure of 40 kW for a pericd
Tast chearvations are made, Video is secorded

TIME FROM COMDITIONING ROOM TO START OF TEST: 50 minubes

CATEGIRY RESULTS:
40 kW Exposure
Flame Helight: d ft 0 in at
160 kW Exposura
[a] Peak Rate of Heat Rolease: 2Tl kW
lincludes 160 KW Exposure]
Ib] Time to Reach Peak: 320  seconds
{c] Total Heat Release --
5 minuces: 15.3 MJ
10 minutes: AL, 5 MJ
15 minutes: 136.1 WT
\d] Peak Rate of Smoke Helease: £ m7/fg
2] Timg to Reach Peak: 147 geconds
(E] Total Smoke Raleéased -- DE2.4 mY

|Page 1 of 3)

fas measured by Govmark) s

Scandard Methods of Fire Testa for

The test ia conducted in an 4 fk.
roer located at the bottom of the
of 5 minutes,
and included with original test report

imm:as]

PC: 7 days /44

9.150 *
and

BEvaluating Contribution of Wall

nigh fire room.

tast panels Cover
corner oflers an copen
and 160 kW for a period of 10 minutea.

D4 1 4B
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Govmark

86-0 Alien Boulevard

Farmingdale, New York 11735-5626 USA
Tel, +1 (631) 203-8044 Fax +1 (831) 203-8956
e-rnall: lestingggovmark, com

Page 2
[Received: 121062017 |Completed: 12122017 |Letter: € | MM | P.0us: Test Report #: 3.235770-
Clicnt's Product Description: Thermaoplastic #2. End Use; Various interior components for passanger radlcars.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) WIT 3678
Jensen Hughes, Inc
2020 Krafl Drive, Suile 3020 Tel: 1-{340)-B08-2800 Exi:
Blacksburg, VA 24060 Faxi I-( - -
CATEGDRY RESULTS:
160 kW Exposure (contimued) :
lg! Peak Temperature Readings --
Roce midpoint: 48 "T; 30% *C
Quadrant #1: 1387 “F; Tiz =C
Quadrant #l: B8y *F; 4731 “C
Quadrant #3: 737 P 182 2
Guadrant #4: TLE *Fj Igld *C
AVERAGE: 83T *F; 139 *C
(hy Peak Carbon Monoxide Reading: L7220 ppm
(1} Peak Carbon Dioxide Reading: 2 pervent (k)
(]} Peak Heat Flux at Floor Level: 4.7 kdfm#?
{k} Ignicion of Paper Monitors on Floor: [ 1 ¥es: [x] Ho
il! laceral Flame Spread --
B FE. Walls 5 ft B imn
Hear 12 L. HWall: B fc 0 in
Far 12 re. Walls o ft 0 im
iml Flames Exit Doorway: [ ] ¥Yex; [x] Mo
] Flaming Droplete are not factored lnto the Failure Criteria;
howewver, they are reported as an obsarvation:
11 Flammq Droplets are abserved: ix]l Yem: [ ] Na
i2] A fire pool fooms bensath the test item: Ix] Yes; [ | Hao
131 If a fire pool ococura, the level of
incensity is described as: T'1 Minorr [ | Mocderater [x] Intenas
o] OBSERVATIONS:
More: Parenthesss | | Are tsed ta indicate a result that represents a flashover walus.
{Page 2 of 3}
Fite Copy
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5-0 Allen Boulevard
Farmingdale, Mew York 11735-5626 USA

Govmark Tel. +1 (B31) 295-8544 Fax +1 (831) 205-8958
e-mail: testing@govmark.com

Papge 3
eceived: 12062017 |Completed: 12122017 [Letter: € | MM | .0 | Test Report #: 3.23577:0-

Client's Product Deseription: Thermoplastic 2. End Use: Various intertor companenits for passenger railears.
Identification
Tested For: Brian ¥, Lattimer Key Test: NFPA 286 (BLOG) WIT 675

Jenzen Hughes, Inc

2020 Kraft Dirive, Suite 3020 Tel: 1-{540)-808-2800 Ext:

Blacksburg, VA 24060 Fax: I-[ }- -

FLASHOVER CRITERIA: Flashover is determined to have occurred when any two of the ILollowing conditions
have bepen atbainmds

L) The heatb release rate sxceeds 1 MW (1.000 kW
[2) Heat flux at the floor exceads 20 KW/ m?
[3} The average upper layer bemperature exceeds EODC (1112°F}
[4) Flames exit the coorway
[5} Autedgnition of a paper target on the Elasr aecurs
ACCEPTANCE CRITERIA - As cited by:
|A} The 2015 Edicion of NFPA 101 Life Safety Code, para. 10.2.,3.7.3:
[B) The 2015 Bdition of NFPA 5000 Ruilding Constructiom and Bafety Code, para. 10.4.5.2;
|2} The 201% REdiction, Internaticnal Bullding Code, para. 803.1.2

(1} During the 40 kW exposure, flames shall not spread to the ceiling.

[2} The flame shall not apread co the cuter extremity of the sample on
any wall or ceiling.

{3} Flashover shall not scour.

{4} The Peak Heat Release Rate throughout the test shall not exceed 800 kW,
i8] The Total Smoka Released throughout the test shall nob excsed 1,000 m2.

REMARKS: Test was canducted in the presence of Stefan Kraftr (Jensen Hughesa, Inc)

CONCLUSION: Based oo the above Results end Acceptance Criterid, the item tested:

[ 1 Pasees; [x] Faila

CERTIFICATION: I certify th

ebove results were obtained after testing al;iﬁifrens in accordance
with the procedures and equ Fr i-

pecifiad abowve., nEC 2

R Test Technician: Michael Mages

GOVEARE

Jac fpm iFege 3 of 3}

Tobby Bagt.

Thie results contained in this report relate only to fiemish tested. The test seport shall not be

reprosluced, except in full. withowt written approval from Govensek, File Copy
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S50 Allen Boulevard
Farmingdabe, New York 117355626 LSA

w Tel, +1 (B31) 2958844 Fax +1 (531 293-8056
e-mail: testng@govmark com

Page 1
[Iletehﬂed:12-fﬂ'ﬁ~"lﬁl?|c'nmpmc:t: F2'13/2017 |L.elt£r: o | MM E P.OGH: Test Repori #: 3-23578-0-
Client's Product Description: Sandwich panel #2 alum-balsa-staintess. End Use: Cab ceiling panef,
Identification
Tested For: Brian Y, Lattimer Key Test: WEPA 286 (BLDG) WIT 3675
Jensen Hughes, Inc
2020 Kraft Drive, Suite 2020 Tel: 1< 540)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 14 } -
Category: Room Corner BLDG: ¥ 0315 BC: 7 days f3d
NFPA 286: LE: 2015%5; V 03/15; ME 201%
AFPROXIMATE THICENESE OF SUBMITTED MATERIAL [(as measured by Gowmark) : DG4 "
TEST FERFOREMEDR: NFPA 286 = Btandard Methods of Flre Tests for Evalusticrg Contribubkiss of Wall and

Celling Interior Finish te Room Flre Growth

BRIEF DESCEIPTION OF TEST: The kResk 1a conductEed im an 8 Ft. high fire room. Toe test panels cover
thres of the fire room walls. A square gas burmer located at the botbom of the corner coffers an cpan
flame ignitien exposure of 40 kW for a period of § mindtes, and 160 kW for a pariod &f 10 minuces,
Teat observarlicna are made. Video is recovrded and included with original test repart.

TIKE FROM CONDITIGWING RCODM TO START DF TEET: 50 minutes

CATEGORY = RESUOLTE 1

41 kN Exposure

Flame Helghe: § £ 0 in at imm:ea) 04:50

160 kW Expoaure

{a) Peak Rate of Heat Release: 231 kW
lincludes 1680 kW Hxposure]

ikl Time o Beach Peak: 360 gacorgds

o) Total Hear Heleass --

5 minutes: 12.8 MT

10 mimutes: MA BT

15 misutes: A MT
id) PsEak Rate of Smoks Peleapp: 16 m*/8
e Time co Reach Peak: 197 seconds

i
=
b
=]

(£) Total Smoke Released --

\Page 1 of 3}

Fife Capy

Figure C 5. Test 4, sample 5

140



C.1.5 Test 5: Sample 3, Sandwich Composite 2 (Completed 12/13/17)

Govmark

B6-0 Allen Boulevard

Farmingdale, Mow York 11735-56268 USA
Tel +1 (631} 293-8%44 Fax +1 (531) 203-8958
s-mail: testing@govmark com

Page 2
klercivcdr]!-‘ﬂﬁ'?ﬂl?ltﬂmplﬂ:d; 12132017 |Letlcr.' o |M."-i| P05 Test Repaort #: 3-23578-0-
Client's Prosfisct Dieseripsion: Sandwich panel #2 alum-balsa-stainless. End Usez Cab ceiling panel.
Identification
Tested For: Brian Y, Lattimer Key Testz NFPA 286 (BLDG) WIT I6T5
Jenzen Hughes, Ine
2020 Krafi Drive, Suite 3020 Tel: 1-{340)-808-2800 Exi:
Blacksburg, VA 24060 Fax: 1 }-
CATEEIRY: RESULTS :
160 KW Expeosure ilcontinued):
lg} Peak Temperature Readings --
Room midpasint: 1321 “F; 716 "C
Quadrant #£1: 1518 “F; BEZ *C
Quadrant #2: 1345 “F; 739 *C
Quadrant #3: 1102 =P 54 "2
Cuadrant #4: 1205 *F 5%a 2
AVERAGE: 11318} *F; |714) *C
{h] Peak Carbon Momoxide Reading: 22%% ppm
(1) Peak Carbon Dioxide Reading: 3 persenc (%)
(1) Peak Heat Flux at Floor Lewvel: 122:1) kw/m?
(k) Ignition of Paper Monitdrs on Plooc: [ 1 %Yes: [x] Ha
(1} Lateral Flame Spread --
8 Eb. Wall: & fE 8 an
Hear 12 Fr. Wall: T ft 4 4dm
Fal 12 LCL. Wall: O£t 0 in
[m) Flames Exit Doorway: [x] Ye=; [ ] HNo
(n) Flaming Droplets are not factored lnto the Fallure Criteris;
mowever, they are reparted as an obsecvation:
(1) Flaming Droplets are chserved: I'1T ¥es: [x] Mo
i2) A Fire pool forms bensath the test item: [ ] Yes; (x] Mo
(3) If & fire pool ocoura, the level of
intengicy is described as: [ 1 ®Minar; | Moderate; | | Intense
[2) CBSERVATIONS:
Hote: Farentheses [ ) are used to indicate a result tha: represents & flashover value.
[Fage 2 of 3)
File Copy
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88-0 Allen Boulevard
Farmingdale, New York 11735-5626 USA

w Tel +1 (B31) 293-5044 Fax +1 (B31) 293-8058
e-mail: testing@govmark.com

Page 3
[Received:12/062017|Completed: 12132017 |Letter: D | Mmt [P0 Test Report #: 3-23578-0-
Client's Product Description: Sandwich panel #2 alum-balsa-stainless. End Use: Cah ceiling panck.
Identification
Tested For: Brian Y. Lattimer Key Test: MFPA 286 (RLDG) WIT 675
Jensen Hoghes, Inc
2050 Kraft Drive, Suite 3020 Tel: 1-{540)-808- 2800 Ext:
Blacksburg, WA 24060 Fax: I+ )} -

FLASHOVEE CRITERIA: Flashover is determined to have acturréed when any teo of the fallowing conditions
have beEen attained:

[L} The Eeaat release rabte sxceeds 1 MW (1,000 kW)
[2) Heat flux at the floor exceeds 20 kwW/m?
[3) The average upper layer temperature excesds &00°C [1112°¥)
[4) Plamesn exit the doorway
(5) Autodgnition of a paper target on the [loor cocurs
ACCEPTANCE CRITERTA - A8 oibed by
[A} The 2015 Edition of NFPA 101 Life Safecy Coda, para. 10.2.3.7.2;
[BH) The 2015 Edition of NFPA 5000 Building Construction and Bafeby Code, para, 10.4,5.2p
(2} The 201% Bdition, Imternatiocnal Building Code, para. B03.1.2

(1) Buring the 40 %W exposore, flames shall not spread ta the ceiling.

{2) The fleme shall mot gpread to the outer extremity of the sample on
any wall or celling.

(3) Flashover shall mot oceur.
(4] The Peax Heat Release Rate Chroughout the test shall oot exceed 00 kW.
(8) The Tobal Smoke Released throughout the test shall not excesd 1,000 m7.

REMARES: Teat was cotducted in the presence of Stefan Eraft |[Jensen Hughes Inc.)

CONCLUSION: Based on the above Results and Acceptance Criteria, the item tested:

[ ] Pagses; [x] Pails

CERTIFICATICM: I cercify tha .
with the prooediures and egui - specified above,

Tesc Techniclan: Mlchazl Magea
AUTHORIZED SIGNMATURE
GOVEARK

Jac fpm

(Page 3 of 3) CBE&? -"_E-’L{J'E-Ufb

The resulls coniained in this repon nelate anly w itemdsh wsted. The west repan shall not be

reproduced, except in full. without writien approval from Govimark. Fila Copy
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86-D Allen Boulevard
Farméngdale, Mew York 11735-5626 USA

m Tel, +1 (831) 203-8844 Fax +1 (B31) 293-8550
e-mall: iestingigovmark_com

Pagre 1
[Received: 12062017 |Completed: 12132017 |Letier: G | MM |00 Test Report #: 32358 1-0-
Client's Product Description: Thermoplastic #3. End Use: LED covering panel.
Identification
Tested For: Brian Y, Lattimer Key Test: MEPA 286 (BLDG) WIT 3675
Jenzen Hughes, lng
2020 Krall Drive, Suite 3020 Tel: 1-4{340)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 14 )} -
Category: Hoom Corner BLDG: W 03/15 BC: 7 daya 44

NFPA 286: LE: Z0185; V 03/715; HE 2015

APPROXIMATE THICKWEZS OF SIBEMITTED MATERIAL (aa measured by Gowmask): 0.177+

TEET TERPFORMED: HNFPA 286 - Standard Methods of Pire Tests for Bvaluating Contribution of Wall and
Calling Interior Finish to Room Fire SGrowth

BRIEF DESCRIPTION OF TEST: The test is conducted in an 8 ££. high five room, The test panels cover
ehres of the fire room walls, A afuare 448 burner located ar che bottom of the cormer offers an opern
flame ignition exposurs of 40 kW for a pericd of 5 minutes, and 160 kW for a period of 10 mirutes.

Test cheervations are made. Video is recorded and inoluded with original test report.

TIME FROM CONDITIODNING ROOM TG START OF TEST: 60 minutes

CATEGORY RESULTS:
40 k¥ Exposure

Flamg Height: B fE 0 in at (mmiga)] 02:15

150 kW Exposure
(ma] Peak Rate of Heat Release: [1016F kW
[includes 160 kW Exposuras]

(b} Time t©o Reach PFeak: 179 aecands

(] Total Heat Releass

5 minutes: NA W

10 minutes: MNA MI

15 minutes: MNA MI
(d} Peak Rate of Smoke Releass: 7 mijE
ja)] Time to Reach Peak: 196 seconds
(f] Total Smoke Relesased -- 151.5 m?

(Page 1 of 3)

File Copy

Figure C 6. Test 5, sample 3
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C.1.6 Test 6: Sample 4, Thermoplastic 3 (Completed 12/13/17)

95-0 Allen Boubevard

Farmingdale, Mew York 11735-5828 USA

m Tal. +1 (631) 203-8944 Fax +1 (B31) 293-88565
e-mail; testing@Egovmark.com

Page 2
[Received: 12106201 7| Completed: 121132017 [Letter: i | MMt | po Test Report #: 3-23581-0-
Client's Product Description: Thermoplastic #3. End Use: LED covering pangl.
Tdentificution
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) WIT 675
Jensen Hughes, Inc
2000 Kraft Dirive, Suite 3020 Tel: 1={50)-RO8-28i) Ext:
Blacksbure, VA 24060 Fax: I« } -
CATEQORY : RESULTS:
160 kW Expoaure [contimoed):
{g] Peak Temperaturs Eeadings
Room midpolint: 1288 "F3 SB0 "C
Quadrant #1: 1674 "B = b Bl 5
Quadrant #2321 L35G “F) 519 *C
Suadrant #3: 1033 "Fy §586 °C
Quadrans #4; 1pBE3 P, SB4 °C
AVERALGE 1260 *Fi GR2 *C
il Peak Carbon Monoxide Reading: L2357 pp=
{1) Peak Carbon Dicxide Reading: 1 percent (%)
111 Peak Heat Flux at Floor Level: LS. kEW/Smi
{k} Ignition of Faper Monitors on Floor: [} Yea; [x] Mo
{1} Lateral Flame Spread
B f£t. Wall: T EFE & in
Bear 13 £z, Wall: B Ee O in
Far 12 f£t. wWall: o FE © in
im) Flanes Exit Cocrway: xl Yes; | | Ha
(n) Flaming Droplets ate not factored into the Fallure Criteria;
howewar, they are reported as an abssrvation:
(1) Flaming Droplets are chaerved: [x] Yes: [ ] Ho
(2] A Eire pool forms beneath the test itewm: [#] Yes; | Mo
(3) 1If @ fire pool ocoure. the leavel of
il'ltETIEL'I:';' is described as: [x] Minor; | ] Modarace; [ ] Intcanss
(o} DASERVATIONS:
fote: Farenthesss ( | &re used o lodicate a result that represents a flashower value:
{Page 2 of 3)
Fite Copy
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B5-0 Allen Bousenvard

Farmingdale, Mew York 11735-5626 USA

Govmrk Tel +1 (631) 203-8344 Fax +1 (B31) 203-8558
g-mail; testing@govmark.com

Page 3
E{:l.'i'rnd: 1206201 TI'Cnmpititd: 127132017 |Letter: G |M:'-'I| PO thst Report #: 3-23581-0-
Clieat's Product Descripsion: Thermoplustic #3. End Use: LED covering panel.
Identification
Tested For: Brian Y, Lattimer Key Test: MFPA 286 (BLDG) WIT 3675
Jensen Hughes, Inc
2020 Kraft Drive, Suie 3020 Tel: 1-(540)-B08-2800 Exi:
Blecksburg. VA 24060 Fax: 14 ) -

have been abrtained:
{1l The heat release rate excoeds 1 MW (1,000 kW)
12] Heatr Flux at the Iloor exceeds 20 kKH/m?
{3] The avarage upper layer tomparature exceeds BI0*C (1113°F)
4] Flames exit the doorway
{8] Mutoignivicen of & paper barget on the flaor ccours
BCCEPTANCE CRITERIA Ag cited by:
{A] The 2015 Bdition of WPPA 101 Life Safety Code, para. 10.2.3.7.3:
{B] The 2015 Bdition of WFPA 5000 Bullding Conetruction amd Safecy Code, para. 10.4.5.2;
{€) The 201% Editlion, Intecoational Bullding Code, parz, 803.1.2

(1) During the 40 kW exposure, flamas shall sot spread co the csiling.

[2) The [lame shall not apread to the outer extremley of Ehe Basple on
any wall or ceiling.

[2) Flashover shall pot occocur.

(4] The Peak Heat Release Rate chroughout the test shall nat execeed DOD kW,

(5] The Total Smoke Releassd throughout the tesc shall not exceed 1,000 m# |
REMARKS: Test was conducted in the presence of Stefan Fraft [Jensen Hughes Inc.)
CORCLUSION: Based on the abowe Results and Acceprance Criteria, the item tested:

[ ] Pagses; ([x] Fails

CERTIFICATION: ! peckify that
with the procedures and equipmeglf specified above.

2 / 1011

.......................... Teat Techunician: Michasl HngeuEl::
AUTHORIEED SIGNATURE
GOVHALRE

fag fpm

dad

{Page 3 of

Robby TorouHt

FLASHOVER CRITERIA: Flashover is decermined to have cccurred when any two of the followlng conditions

above results were choeined after testing spooimens in accordance

The resulis contained in 1his report relate only ta itemis) lestéd. The fest repart shall not be
reproduced, except in full, without writen approval from Govmark

145
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B[ Allen Boulevard
Farmingdala. Mew York 11735-56626 USA
Tel. +1 (831) 203-8%44 Fax +1 (831) 203-89558

e-migil: testing@@govmark. com

@ covmar

Page 1
T

Heceived: i3-'[lﬁ-'1l}l?ll:um pleted: 27142017 |Lctl|=r: F |NI|"-'I: | P.OH: | Test Report #: 3-33580-0-
Client's Product Deseription: Fiberghass 2. End Use: [merior panel.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) WIT 367

Jensen Hughes. Inc

2020 Kraft Drive, Suite 3020 Tel: 1-(5440)-H08-2800 Ext:

Blacksburg, VA 24060 Fax: I } -
tategary: Room Sorner BLEDG: ¥ 03/19 FC: 7 days f9d
HFFA 286: LE: 2015; ¥V 03/15; NE 201%
AFFRONIMATE THICKNESS OF SUBMITTED MATERIAL |as measured by Govmark): 0,139 °

TEST PERFORMED: NFFA IB6 Standard Methods of Fire Tests for Evaluating Comtribution of Wall and
Ceiling Intericr Finiah to Room Fire Growth

BRIEF DESCRIPFTION OF TEST: The Cest 1s conducted inman 8 fe. high Fire room. The test pansls cover
three of the fire room walls. A sguare gas burner locaced at the kottom of the corner offers an open
flame igniticn exposure of 40 kW for a period of 5 minutes, and 160 kK for a peried of 10 minutes.
Test akservarions are mads, VYidea is recorded and included with original test report

TIME FROM CONDITIONING ROOM TO START OF TEET: 50 minutes

CATEIORY: RESULTS:
40 ®¥N Exposurno
Flams Beight: 4 ft 6 in at (mmias) 04:35
160 kW Expoaure
{a) Peak REate of Hear Feleage: 191 kW
[inclipden 160 XW Exposure]
bl Time bte Beach Psak: 517 seconds
il Tobtal Heatb Relpass --
5 mirates; 5.0 MI
10 minubEes: £1.0 MJI
15 minutes: 113.1 MJ
jd] Pmak Rate of Smoke Relanass: gomife
{gl Time to Reach Peak: 355 seconds
1£) Tobal Smoke Relsased -- 131.% m*

[Pags 1 of 3)

Fife Copy

Figure C 7. Test 6, sample 4
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C.1.7 Test 7: Sample 7, FRP2: (Completed 12/14/17)

Govmark

86-0 Alen Boulavard

Farmingdale, New York 11735-5628 USA
Tel +1 (631) 293-8944 Fax +1 (831) 293-5058
e-mail- testing@govmark_com

Pape 2
IRm.‘H'-'Bd:12-'U5~'?ﬂl?|l:nmplclnd: 1271472017 ELrllcr: F |.\-'l.\-'l| PO Test Report #: 3-23580-0-
Client's Product Description: Fiberglass #2. End Use: Intérior panel.
Identification
Tested For: Brian Y. Lattimar Key Test: NFPA 286 (BLDG) WIT 3675
Jensen Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel: 1-{540)-808-2800 Ext:
Blacksburg, VA 24060 Fax: I } -
SATEGORY : RESTLTS
160 kW Exposure |cootinuwed);
{g) Pedak Temparature Readlinga --
Room midpaint: Tie *F 415 "C
Quadrant #1: Gt *F 518 *C
Juadrant H2: 83 P 4 "C
Quadrant H3, 654 *F 348 °C
Quadrant H4: 6L *F; iEF *C
AVERRGE ; TIB *F; 414" C
[hy Peak Carbon Monoxide Reading: 4 ppm
[1) Peaak Carbos Diaxide Reading: 1 percenti¥l
[57 Peak Heat Flux At Floor Lewel: 1.9 kW/m®
[k} Ignition of Paper Monitors an Floor: | ¥es: [x] He
(1) Lateral Flame Spread --
B EE: MaLL: 3£ 0 in
Hear 12 FE. Wall: 3°fc 2 im
Far 12 fc, Wall: 0 ft 4 in
[m} Flames Exit Doorway: [ ] ¥em; [x] Ho
[n) Flaming Dropleta are not factored intec the Failure Criteria;
Bowaver, they are reparted as an chservabion:
(§ B Flaming Droplets are olaerved: [ 1 Yes; [x] Mo
(2) A fize pool forms benmeath the test item; [ ] Yea; [x] Mo
(3) If a fire pool occurg, the leval of
intensity is described as: [ 1 Mimar:; [ 1 HModerate; [ ] Inktenss
(&) OBSERVATIOMS:
More: Parenthesss | | arée used to indicate a regult bhat represents g [lashover value.
[Fage I of 3)
Fife Copy
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96-0 Alien Boulevard

Farmingdale, Mew York 11735-5628 USA
mm Tel =1 (631} 283-20844 Fax +1 (631) 253-8256

e-mail: teslingfgovmark.com

Pagee 3
[Received: 12:06/2017 |com leted: 120142017 |Letier: F MM | P.OK: Test Report #: 3-23580-0-
r
Client"s Product Drescription: Fiberglass #2. End Use: Interior pancl.
Identification
Tested For: Brian Y, Lattiner Key Test: MFPA 286 (BLDG) WIT TS
Jenszn Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel:  1-{5440)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 14 }» -

FLASHOVER CRITERIA: Flashover is determined to have occurred whan any twa of the following conditions
have been attalboed:

[} The heat release rate sxcesds L MW (1,000 kW]
[2) Heat flux at the floor exceesds X0 KW/m*
(3} The average upper layer Cemperature excesds &00°C (1112°F)
[4) Flames sxit the doorway
[5) Butodgnizicon of a paper target on tha floor cocurs
ACCEPTANCE CRITERIA AE Tited Dy:
[A) The 2015 Edition of NFPA 101 Life Safety Coda, para, 10.2.3.7.2:
[B) The 2015 Edition of NFPA 5000 Bullding Consabruction and Safeby Code, paka. 10.4.5.25
(€} The 2W1E Edition; Intermational Building Code, para. 803.1.32

{1) During the 40 kN expaosure, flames shall pob Epread to the ceiling.

{2) The [lams shall not spread ta the outer exbremity of the sample o
any wall or celling.

i3] Flashowver shall not ocour.,
{4) The Psak Heat Helsase REate throughout the test shall not excesd 800 ki
{5) The Total Smoke Releassd throughout the tept shall fot ecceed 1,000 m®,

REMARYES: Test was conducted in the presence of Stefan Mraft |(Jenssn Hughes Ine.)

CONCLUAION: Based on the above Results and Acceptance Criteria, the item tested:

[x] Pazeea; [ ]| Fails

e above rasulce wara chtained after testing epecimans in acoordance

gpecilied above.
Botly Browr

_______________________ ¥ Test Technician: M:.c-r.ael Mage
AUTHORIZED SIGHATURE
GOVMARE
fac /p=

CERTIFICATION: aertify chafl
with the procedurea and e ]

[Fage 3 of 3)

nec 2 & W1

Thee resutis contained in this report relate cnly 1o Remis) wested. The test repoe shall pot be

reproduced. cxeepd in full, without written approval fram Ciovmark: ik op

Figure C 8. Test 7, sample 7
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C.2 NFPA 286 Test Data Plots

This section presents the test data plots for the seven materials tested in accordance
with NFPA 286. The plots included the gas temperature, gas concentrations and floor
heat flux for each test.

C.2.1 Test 1: Sample 6 (FRP1)

= Ceiling
800 - Door
__ 600 -
¢
@
=
e
2 400
E
(=1}
l_
200 4 —
0 -
0 200 400 600 800

Time (s5)

Figure C 9. Temperature vs. time for Sample 6
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% Concentration

Heat Flux (kW/m?2)
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Figure C 10. Gas concentrations for Sample 6
== Floor Heat Flux Gage
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Figure C 11. Floor heat flux for Sample 6
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C.2.2 Test 2: Sample 1 (Thermoplastic 1)

= (Ceiling
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Figure C 12. Temperature vs. time for Sample 1
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Figure C 13. Gas concentrations for Sample 1
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— Floor Heat Flux Gage

Heat Flux (kW/m?2)

} M

0 200 400 600 800 1000 1200
Time (s)

Figure C 14. Floor heat flux for Sample 1

C.2.3 Test 3: Sample 2 (Sandwich Composite 1)

Ceiling
7004+ — Door

w = %) (o) ]

o (=} o o

o (] o o
1 L L L

Temperature (°C)

PJ

o

=
L

100 4

T T T T
0 200 400 600 800
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Figure C 15. Temperature vs. time for Sample 2
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% Concentration

Heat Flux (kW/m?2)
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Figure C 16. Gas concentrations for Sample 2
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Figure C 17. Floor heat flux for Sample 2
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C.2.4 Test4: Sample 5 (Thermoplastic 2)

500 = Ceiling
Door
400 ~
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o 300-
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Figure C 18. Temperature vs. time for Sample 5
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Figure C 19. Gas concentrations for Sample 5
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Figure C 20. Floor heat flux for Sample 5

C.2.5 Test 5: Sample 3 (Sandwich Composite 2)
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Figure C 21. Temperature vs. time for Sample 3
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Figure C 23. Floor heat flux for Sample 3
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C.2.6 Test 6: Sample 4 (Thermoplastic 3)
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Figure C 24. Temperature vs. time for Sample 4
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Figure C 25. Gas concentrations for Sample 4
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Figure C 26. Floor heat flux for Sample 4

C.2.7 Test7: Sample 7 (FRP2)
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Figure C 27. Temperature vs. time for Sample 7
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Figure C 29. Floor heat flux for Sample 7
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C.3 NFPA 286 Test Photos

This section provides the photos that were taken before, during and after the NFPA 286
tests.

C.3.1 Test 1: Sample 6 (FRP1)
n

Figure C 30. Test 1, sample 6
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C.3.2 Test 2: Sample 1 (Thermoplastic 1)

Figure C 31. Test 2, sample 1

C.3.3 Test 3: Sample 2 (Sandwich Composite 1)
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Figure C 32. Test 3, sample 2
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C.3.4 Test4: Sample 5 (Thermoplastic 2)
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Figure C 33. Test 4, sample 5

C.3.5 Test 5: Sample 3 (Sandwich Composite 2)
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Figure C 34. Test 5, sample 3

C.3.6 Test 6: Sample 4 (Thermoplastic 3)

Figure C 35. Test 6, sample 4

165



C.3.7 Test7: Sample 7 (FRP 2)

Figure C 36. Test 7, sample 7
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Appendix D.
FDS Prediction of Building Materials in NFPA 286 Room-corner Tests

The NFPA 286 room-corner tests of building materials were modeled, and the results
are presented in this section. In the FDS modeling, a HRRPUA material burning model
was used. The peak values and time history of HRRPUA from the 50 kW/m2 cone
calorimeter tests were used to define the burning rate.? The prediction of heat release
rate of the room and center ceiling temperature are presented and compared with
experimental data.3

The 6mm (0.24 in) plywood, 5mm (0.2 in) wood panel, and 6mm (0.24 in) chipboard are
all predicted to cause flashover in the room-corner tests. The predictions in HRR, center
ceiling temperature and time-to-flashover are overall consistent experimental data, as
shown in Figure D 1 through Figure D 5. There were two tests of 6mm plywood, and the
data variation was substantial. FDS model predictions are bounded by the data from the
two tests and closer to those of Test 1, in which the burning of plywood was more
intense. The burning of 6mm chipboard was also very intense and the flashover
occurred before 300s. The time-to-flashover was over-predicted by about 80s, as shown
in Figure D 2.

6mm Plywood 6mm Plywood
1000 3 1000 3
— ® — NRC Test 1 p — ® — NRC Test 1 p
900 900
NRC Test 2 ¥ 4 NRC Test 2 ¥ 4
800 FDS-NFPA286 ! 800 FDS-NFPA286 !
] ]
700 " 700 "
600 600
- 14 - 14
= 500 1y = 500 1y
= )" ] = 1B
= 400 ! = 400 !
S X < N
T 300 T 300
200 - 200 -
_-e _ -
100 e 100 =
-~ -~
0 & 0 &
0 60 120 180 240 300 360 420 480 540 600 0 60 120 180 240 300 360 420 480 540 600
Time (s) Time (s)

Figure D 1. Time history of HRR (left) and center ceiling temperature (right) of
6 mm plywood tested in NFPA 286 room and FDS

2 A. Kim and R. Onno, “Results of Cone Calorimeter Tests Conducted at the NFL/IRC,” 1992.

3 A. Kim and R. Onno, “Inter-Laboratory Study for the Full Scale Room Fire Test: Results of Tests
Conducted at the NFL/IRC,” NRC-CNRC Intern. Rep. No. 634, 1992.
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1000 1000
NRC Test 1 —8—NRC Test 1

900
NRC Test 2
FDS-NFPA286

900

—&— NRC Test 2
800 € 800
FDS-NFPA286

700 700

600 600
500 500

400

HRR (kW)

400
300

200
102 0—0—0"(... . 102 /

0 100 .2 300 400 0 100 200 300 400
T|meo?s)

300
200

Center Ceiling Temperature {°C)

Figure D 2. Time history of HRR (left) and center ceiling temperature (right) of
6 mm chipboard tested in NFPA 286 room and FDS

No flashover was predicted to occur for both 12 mm (0.47 in) fire retarded plywood and
3 mm (0.12 in) wood panel in the room-corner tests. For 12 mm fire retarded plywood,
the HRR and center ceiling temperature were predicted to increase after 300 s, as
shown in Figure D 4. The materials ignited but not intense enough to cause flashover.
For 3 mm wood panel, the materials were found to burn in the first 300 s of the test but
did not last long enough to cause flashover. The contribution of the material during the
first 300 s was not as pronounced in the FDS prediction, but in reasonable agreement
from 300 to 600 s. The model predicted no flashover after a 600-s exposure, similar to
the test data. The test was terminated at 600 s (see footnote 3).

5mm woodpanel 5mm woodpanel
1000 1000
—8— NRC Test —8— NRC Test
900 — 900
NFPA286 ® NFPA286
800 5 800 e ’
700 E 700
— @
3z 60 ] & 600
= o ‘ @ 500
- g o
I 400 £ 400 -
300 8 300
200 £ 200
@
100 Y 100
0 ¢ 0
0 60 120 180 240 300 360 420 480 0 60 120 180 240 300 360 420 480
Time (s) Time (s)

Figure D 3. Time history of HRR (left) and center ceiling temperature (right) of
5 mm wood panel tested in NFPA 286 room
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12mm FR Plywood 12mm FR Plywood
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Figure D 4. Time history of HRR (left) and center ceiling temperature (right) of
12 mm fire retarded plywood tested in NFPA 286 room
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Figure D 5. Time history of HRR (left) and center ceiling temperature (right) of
3 mm wood panel tested in NFPA 286 room
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Appendix E.

Calorimeter Test Results of Rail Car Seating Assemblies

E.1 Govmark Testing Reports of Calorimeter Tests

Large-scale calorimeter tests were performed for three types of seating assemblies
inside a NFPA 286 standard room with inert wall and ceiling linings at SGS Govmark
from June 11, 2018, to June 12, 2018. Official test reports are provided in this section.

E.1.2 Test 1: Sample 1 (Completed 06/11/2018)

96-D Allen Boulevard

Farmingdale, New York 11735-5626 USA
Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

Page 1
Received:05fl4/2018|C0mpleted:(}6/l 1/2018 'Lcttcr: A IMM | P.O.#: Test Report #: 3-26091-0-
Client's Product Identification: Two railcar full seating assemblies-type A.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BL.DG) SP 1000
Jensen Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 1-( )- -
Category: Room Corner BLDG: V 03/15 PC: ME /3d
NFPA 286: T.R: 2015; V 03/15; NE 2019
TEST PERFORMED: NFPA 286 - SlLandard Methods of Fire Tests for Evaluating Contribution of Wall and

Ceiling Interior Finish to Room Fire Growth

BRIEF DESCRIPTION OF TEST: The test is conducted in an 8 ft
three of the fire room walls. A sguare gas burner located at
flame ignition exposure of 40 kW for a period of 5 minutes,

lest observations are made.

TIME FROM CONDITIONING ROOM TO START OF TEST: 0 minutes

CATEGORY : RESULTS:
40 kW Exposure
Flame Height: Not Required

160 kW Exposure
(a) Peak Rate of Heat Release: 739 kW
[includes 160 kW Exposure]
(b) Time to Reach Peak: 438 seconds
(c) Total Heat Release —-—
5 minutes: 30.5 MJ
10 minutes: NA MJ
15 minutes: NA MJ
(d) Peak Rate of Smoke Release: 8 m?/s
e) Time to Reach Peak: 234 seconds
f) Total Smoke Released —-— 1642 m?2

(Page 1 of 3)

and 160 kw
Video is recorded and included with original test report.

high fire room. The test panels cover
the bottom of the corner offers an open
for period of 10 minutes.
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G.ﬂ Govmark

96-D Allen Boulevard

Farmingdale, New York 11735-5626 USA
Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

Page 2
Received:05/14/201 8[Completed:06/1 1/2018 |Letter: A ' MM l P.O.#: Test Report #: 3-26091-0-
Client's Product Identification: Two railcar full seating assemblies-type A.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000
Jensen Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 1-( )- -
CATEGORY: RESULTS:
160 kW Exposure (continued):
(g) Peak Temperature Readings --
Room midpoint: 1373 °F; i
Quadrant #1: 1361 =E; 738 °g
‘Quadrant #2: 13859 °F; 737 o
Quadrant #3: 1277 °F; 692 °C
Quadrant #4: 1419 °F; 7L °¢g
AVERAGE : 1358 °F; 737° ¢
(h) Peak Carbon Monoxide Reading: 5035 ppm
(i) Peak Carbon Dioxide Reading: 9 ppm
(j) Peak Heat Flux at Floor Level: 0.2 kW/m?
(k) Ignition of Paper Monitors on Floor: [ ] Yes; [x] No
(1) Lateral Flame Spread —-
8 ft. wWall: No Lateral Flame
Near 12 ft. wWall: spread on
Far 12 ft. Wall: specimens
(m) Flames Exit Doorway: [x] Yes; [ ] No
(n) Flaming Droplets are not factored into the Failure Criteria;
however, they are reported as an observation:
(1) Flaming Droplets are observed: [x] Yes; [ ] No
(2) A fire pool forms beneath the test item: ([x] Yes; [ | No
(3) If a fire pool occurs, the level of
intensity is described as: [x] Minor; [ ] Moderate; [ ] Intense
(o) OBSERVATIONS: Rail seats were set up in clients configuration. Burner was moved per client's
request.
Note: Parentheses ( ) are used to indicate a result that represents a flashover value.
(Page 2 of 3)
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96-D Allen Boulevard

Farmingdale, New York 11735-5626 USA
Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

Page 3

Received:05/14/2018|Completed:06/l 1/2018 'Letter: A I MMI P.O.#: Test Report #: 3-26091-0-
Client's Product Identification: Two railcar full seating assemblies-type A.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:

Blacksburg, VA 24060 Fax: 1-( )- -

FLASHOVER CRITERIA: Flashover is determined to have occurred when any two of the following conditions
have been attained:

(1) The heat release rate exceeds 1 MW (1,000 kW)
(2) Heat flux at the floor exceeds 20 kW/m?
(3) The average upper layer temperature exceeds 600°C (1112°F)
(4) Flames exit the doorway
(5) RAutoignition of a paper target on the floor occurs
ACCEPTANCE CRITERIA - As cited by:
(AR) The 2015 Edition of NFPA 101 Life Safety Code, para. 10.2.3.7.2;
(B) The 2015 Edition of NFPA 5000 Building Construction and Safety Code, para. 10.4.5.2;
(C) The 2015 Edition, International Building Code, para. 803.1.2

(1) During the 40 kW exposure, flames shall not spread to the ceiling.

(2) The flame shall not spread to the outer extremity of the sample on
any wall or ceiling.

(3) Flashover shall not occur.
(4) The Peak Heat Release Rate throughout the test shall not exceed 800 kW,

(5) The Total Smoke Released throughout the test shall not exceed 1,000 m2.

CONCLUSION: Based on the above Results and Acceptance Criteria, the item tested:

/’?géési/ Trowte

[ 1 Passes; [ ] Fails; [x] Data Only

CERTIFICATION: I certify
with the procedures and eq

t the above results were obtained after testing specimens in accordance
ment specified above.

———————————————————————————————— Test Technician: Michael Magee
AUTHORIZED SIGNATURE
SGS GOVMARK
/3b ftm

(Page 3 of 3) JUN 15 ’20‘\8

The results contained in this report relate only to item(s) tested. The test report shall not be
reproduced, except in full, without written approval from Govmark.

File Copy

Figure E 1. Test 1, sample 1
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E.1.3 Test 2: Sample 2 (Completed 06/11/2018)

96-D Allen Boulevard

Farmingdale, New York 11735-5626 USA
Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

Page 1

Received:05/14/201 8|Completed:06/1 172018 ILetter: B I MMI P.O.#: Test Report #: 3-26092-0-
Client's Product Identification: Two railcar full seating assemblies-type B.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:

Blacksburg, VA 24060 Fax: 1-( )- -
Category: Room Corner BLDG: V 03/15 PC: ME /3jd

NFPA 286: LE: 2015; V 03/15; NE 2019

TEST PERFORMED: NFPA 286 - Standard Methods of Fire Tests for Evaluating Contribution of Wall and
Ceiling Interior Finish to Room Fire Growth

BRIEF DESCRIPTION OF TEST: The test is conducted in an 8 ft. high fire room. The test panels cover
three of the fire room walls. A square gas burner located at the bottom of the corner offers an open
flame ignition exposure of 40 kW for a period of 5 minutes, and 160 kW for a period of 10 minutes.
Test observations are made. Video is recorded and included with original test report.

TIME FROM CONDITIONING ROOM TO START OF TEST: O minutes

CATEGORY : RESULTS:

40 kW Exposure

Flame Height: Not Required

160 kW Exposure

(a) Peak Rate of Heat Release: 435 kW
[includes 160 kW Exposure]

(b) Time to Reach Peak: 354 seconds

(c) Total Heat Release —-

5 minutes: 14.0 MJ

10 minutes: 130.3 MJ

15 minutes: 217.7 MJ
(d) Peak Rate of Smoke Release: 12 m?/s
(e) Time to Reach Peak: 358 seconds
(f) Total Smoke Released —- 8737 m?

(Page 1 of 3)

File Copy
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Govmark

96-D Allen Boulevard

Farmingdale, New York 11735-5626 USA
Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

BEE Page 2
Received:05/|4/201SICompleted:OG/I 1/2018 |Letter: B I MM I P.O.#: Test Report #: 3-26092-0-
Client's Product Identification: Two railcar full seating assemblies-type B.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000
Jensen Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 1-( )- -
CATEGORY: RESULTS:
160 kW Exposure (continued):
(g) Peak Temperature Readings --
Room midpoint: 882 °F; 472 2
Quadrant #1: 842 °F; 450 °C
Quadrant #2: 1068 °F; 576 °C
Quadrant #3: 760 °F; 404 °C
Quadrant #4: 904 °F; 484 °C
AVERAGE: 891 °F;: 477 °C
(h) Peak Carbon Monoxide Reading: 1591 ppm
(i) Peak Carbon Dioxide Reading: 2 ppm
(J) Peak Heat Flux at Floor Level: 0.1 kW/m?
(k) Ignition of Paper Monitors on Floor: [ 1 Yes; [x] No
(1) Lateral Flame Spread --
8 ft. Wall: No Lateral Flame
Near 12 ft. Wall: spread on
Far 12 ft. Wall: specimens
(m) Flames Exit Doorway: [ 1 Yes; [x] No
(n) Flaming Droplets are not factored into the Failure Criteria;
however, they are reported as an observation:
(1) Flaming Droplets are cbserved: [x] Yes; [ ] No
(2) A fire pool forms beneath the test item: [x] Yes; [ ] No
(3) If a fire pool occurs, the level of
intensity is described as: [x] Minor; [ ] Moderate; [ ] Intense
(o) OBSERVATIONS: Rail seats were set up in clients configuration. Burner was moved per client's
request.
Note: Parentheses ( ) are used to indicate a result that represents a flashover value.
(Page 2 of 3)
File Copy
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96-D Allen Boulevard
Farmingdale, New York 11735-5626 USA

Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
. Govmark e-mail; testing@govmark.com

[E]] Page 3

Received:OS/l4/2018|C0mpleted:06/l 1/2018 [Letter: B | MMI P.O.#: Test Report #: 3-26092-0-
Client's Product Identification: Two railcar full seating assemblies-type B.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000
Jensen Hughes, Inc
2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:
Blacksburg, VA 24060 Fax: 1-( )- -

FLASHOVER CRITERIA: Flashover is determined to have occurred when any two of the following conditions
have been attained:

(1)
(2)
(8
(4}
(5)

ACCEPTANCE CRITERIA - As cited by:

(&)
(B)
(C)

CONCLUS

[

CERTIFI
with th

AUTHORI

5GS GOVMARK

/ib i

The heat release rate exceeds 1 MW (1,000 kW)

Heat flux at the floor exceeds 20 kW/m?

The average upper layer temperature exceeds 600°C (1112°F)
Flames exit the doorway

Autoignition of a paper target on the floor occurs

The 2015 Edition of NFPA 101 Life Safety Code, para. 10.2.3.7.2;
The 2015 Edition of NFPA 5000 Building Construction and Safety Code, para. 10.4.5.2;
The 2015 Edition, International Building Code, para. 803.1.2

(1) During the 40 kW exposure, flames shall not spread to the ceiling.

(2) The flame shall not spread to the outer extremity of the sample on
any wall or ceiling.

(3) Flashover shall not occur.
(4) The Peak Heat Release Rate throughout the test shall not exceed 800 kW.

(5) The Total Smcke Released throughout the test shall not exceed 1,000 m2.

ION: Based on the above Results and Acceptance Criteria, the item tested:

Passes; [ 1 Fails; [x] Data Only

CATION: I certify tha
e procedures and equi

e above results were obtained after testing specimens in accordance
t specified above.

M T i

_______________________ ' Test Technician: Michael Magee
ZED SIGNATURE

(Page 3 of 3)

JUN 15 2018

The results contained in this report relate only to item(s) tested. The test report shall not be
reproduced, except in full, without written approval from Govmark.

File Copy

Figure E 2. Test 2, sample 2
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E.1.4 Test 3: Sample 3 (Completed 06/12/2018)

96-D Allen Boulevard
Farmingdale, New York 11735-5626 USA

e ] Govmark Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

[ [ ] Page |

Received:05/|4/2018|C0mpleted:06/12/2018 ILetter: C | MM | P.O#: Test Report #: 3-26093-0-
Client's Product Identification: Two railcar full seating assemblies-type C.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:

Blacksburg, VA 24060 Fax: 1-( )- -
Category: Room Corner BLDG: V 03/15 PC: ME /3d

NFPA 286: LE: 2015; V 03/15; NE 2019

TEST PERFORMED: NFPA 286 - Standard Methods of Fire Tests for Evaluating Contribution of Wall and
Ceiling Interior Finish to Room Fire Growth

BRIEF DESCRIPTION OF TEST: The test is conducted in an 8 ft. high fire room. The test panels cover
three of the fire room walls. A square gas burner located at the bottom of the corner offers an open
flame ignition exposure of 40 kW for a period of 5 minutes, and 160 kW for a period of 10 minutes.
Test observations are made. Video is recorded and included with original test report.

TIME FROM CONDITIONING ROOM TO START OF TEST: 0 minutes

CATEGORY : RESULTS:

40 kW Exposure

Flame Height: Not Required

160 kW Exposure

(a) Peak Rate of Heat Release: 391 kw
[includes 160 kW Exposure]

(b) Time to Reach Peak: 382 seconds

(c) Total Heat Release --

5 minutes: 10.9 MJ
10 minutes: 80.2 MJ
15 minutes: 134.4 MJ
(d) Peak Rate of Smoke Release: 10 m2/s
(e) Time to Reach Peak: 413 seconds
(f) Total Smoke Released —-- 1191 m?
(Page 1 of 3)

File Copy
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96-D Allen Boulevard
Farmingdale, New York 11735-5626 USA

L] Govmark Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com
[

Page 2

Received:05/14/2018[C0mpleted:06/l2/2018 ’Letter: G I MMl P.O#: {Test Report #: 3-26093-0-
Client's Product Identification: Two railcar full seating assemblies-type C.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:

Blacksburg, VA 24060 Fax: 1-( )- -
CATEGORY : RESULTS :

160 kW Exposure (continued):

(g) Peak Temperature Readings --

Room midpoint: 704 °F;: 3738 70
Quadrant #1: 608 °F; 320: °C
Quadrant #2: 704 °F; 373 g
Quadrant #3: 701, °F; 3712 °C
Quadrant #4: 823 °F; 439 °C
AVERAGE : 708 °F; 3G %

(h) Peak Carbon Monoxide Reading: 1375 ppm

(i) Peak Carbon Dioxide Reading: 2 ppm

(j) Peak Heat Flux at Floor Level: 0.0 kW/m?

(k) Ignition of Paper Monitors on Floor: [ 1 Yes; [x] No

(1) Lateral Flame Spread --

8 ft. Wall: No Lateral Flame
Near 12 ft. Wall: spread on
Far 12 ft, Wall: specimens
(m) Flames Exit Doorway: [ ] Yes; [x] No

(n) Flaming Droplets are not factored into the Failure Criteria;
however, they are reported as an observation:

(1) Flaming Droplets are observed: [x] Yes; [ ] No
(2) A fire pool forms beneath the test item: [x] Yes; [ ] No
(3) If a fire pool occurs, the level of
intensity is described as: [x] Minor; [ ] Moderate; [ ] Intense

(o) OBSERVATIONS: Rail seats were set up in c¢lients configuration. Burner was moved per client's
request.

Note: Parentheses ( ) are used to indicate a result that represents a flashover value.

(Page 2 of 3)

File Copy
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96-D Allen Boulevard

Farmingdale, New York 11735-5626 USA
Tel. +1 (631) 293-8944 Fax +1 (631) 293-8956
e-mail: testing@govmark.com

Page 3

ReceiVEd:05/14/2018[C0mpleted:06112/201 8 |Letter: G | MM | P.O.#: Test Report #: 3-26093-0-
Client's Product Identification: Two railcar full seating assemblies-type C.
Identification
Tested For: Brian Y. Lattimer Key Test: NFPA 286 (BLDG) SP 1000

Jensen Hughes, Inc

2020 Kraft Drive, Suite 3020 Tel: 1-(540)-808-2800 Ext:

Blacksburg, VA 24060 Fax: 1-( )- -

FLASHOVER CRITERIA: Flashover is determined to have occurred when any two of the following conditions
have been attained:

The heat release rate exceeds 1 MW (1,000 kW)

Heat flux at the floor exceeds 20 kW/m?

The average upper layer temperature exceeds 600°C (1112°F)
Flames exit the doorway

Autoignition of a paper target on the floor occurs

U W N e

ACCEPTANCE CRITERIA - As cited by:

(A) The 2015 Edition of NFPA 101 Life Safety Code, para. 10.2.3.7.2;
(B) The 2015 Edition of NFPA 5000 Building Construction and Safety Code, para. 10.4.5.2;
(C) The 2015 Edition, International Building Code, para. 803.1.2

(1) During the 40 kW exposure, flames shall not spread to the ceiling.

(2) The flame shall not spread to the outer extremity of the sample on
any wall or ceiling.

(3) Flashover shall not occur.
(4) The Peak Heat Release Rate throughout the test shall not exceed 800 kW,

(5) The Total Smoke Released throughout the test shall not exceed 1,000 m?2.

CONCLUSION: Based on the above Results and Acceptance Criteria, the item tested:

[ 1 Passes; [ ] Fails; [x] Data Only

CERTIFICATION: I certify that t
with the procedures and equipnme

above results were obtained after testing specimens in accordance

by Browit

specified above.{a
——————————————————————————————— Test Technician: Michael Magee
AUTHORIZED SIGNATURE
SGS GOVMARK
/b o

(Page 3 of 3) JUN 15 2018

The results contained in this report relate only to item(s) tested. The test report shall not be
reproduced, except in full, without written approval from Govmark.

File Copy

Figure E 3. Test 3, sample 3
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E.2 Calorimeter Test Data Plots

This section presents the test data plots for the three seating assemblies. The plots

included the gas temperature, gas concentrations, floor heat flux and rate of smoke
release for each test.

E.2.1 Test 1: Sample 1
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Figure E 4. Temperature vs. time for seating assembly Sample 1.
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Figure E 5. Gas concentrations for seating assembly Sample 1.
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Figure E 6. Floor heat flux for seating assembly Sample 1.
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Figure E 7. Rate of smoke release for seating assembly Sample 1.

E.2.3 Test 2: Sample 2
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Figure E 8. Temperature vs. time for seating assembly Sample 2

181



25

20

=
)]

=
o

Concentration (%)

02
— CO2
— CO
500 1000 1500 2000 2500

Time (sec)

Figure E 9. Gas concentrations for seating assembly Sample 2
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Figure E 10. Floor heat flux for seating assembly Sample 2

182



[\l
o

Rate of Smoke Release

= — = =
[ E= (=] [s2]

Rate of Smoke Release {(m?/s)
® 6

0 500 1000 1500 2000 2500
Time (sec)

Figure E 11. Rate of smoke release for seating assembly Sample 2

E.2.4 Test 3: Sample 3
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Figure E 12. Temperature vs. time for seating assembly Sample 3
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Figure E 13. Gas concentrations for seating assembly Sample 3
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Figure E 14. Floor heat flux for seating assembly Sample 3
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Figure E 15. Rate of smoke release for seating assembly Sample 3

E.3 Calorimeter Test Photos

This section provides the photos that were taken before, during and after the
calorimeter tests.

E.3.1 Test 1: Sample 1
r
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Figure E 16. Test 1, sample 1
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E.3.2 Test 2: Sample 2
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Figure E 17. Test 2, sample 2
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E.3.3 Test 3: Sample 3
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Figure E 18. Test 3, sample 3

192



	Contents
	Illustrations
	Tables
	Appendix A. Heat Rate Release Database of Rail Car Lining Materials
	A.1 Heat Release Rate and Room Corner Test Data (ASTM E1354, E162, NFPA 286)
	A.2. Small Scale Heat Release Rate Data: Cone Calorimeter (ASTM E1354) and Flame Spread (ASTM E162)
	A.3. Heat Release Rate Data: Room Corner, Mockup, and Furniture Calorimeter Tests

	Appendix B. Cone Calorimeter and Radiant Panel Test Results Introductory Paragraph
	B.1 Radiant Panel Test Record
	B.2 Cone Calorimeter Test Record
	B.3 Radiant Panel Test Results

	Appendix C. NFPA 286 Test Results of Rail Car Interior Materials
	C.1 Govmark Testing Reports of NFPA 286 Tests
	C.1.1 Test 1: Sample 6, FRP1 (Completed 12/11/2017)
	C.1.2 Test 2: Sample 1, Thermoplastic 1 (Completed 12/11/17)
	C.1.3 Test 3: Sample 2, Sandwich Composite 1 (Completed 12/12/17)
	C.1.4 Test 4: Sample 5, Thermoplastic 2 (Completed 12/12/17)
	C.1.5 Test 5: Sample 3, Sandwich Composite 2 (Completed 12/13/17)
	C.1.6 Test 6: Sample 4, Thermoplastic 3 (Completed 12/13/17)
	C.1.7 Test 7: Sample 7, FRP2: (Completed 12/14/17)

	C.2 NFPA 286 Test Data Plots
	C.2.1 Test 1: Sample 6 (FRP1)
	C.2.2 Test 2: Sample 1 (Thermoplastic 1)
	C.2.3 Test 3: Sample 2 (Sandwich Composite 1)
	C.2.4 Test 4: Sample 5 (Thermoplastic 2)
	C.2.5 Test 5: Sample 3 (Sandwich Composite 2)
	C.2.6 Test 6: Sample 4 (Thermoplastic 3)
	C.2.7 Test 7: Sample 7 (FRP2)

	C.3 NFPA 286 Test Photos
	C.3.1 Test 1: Sample 6 (FRP1)
	C.3.2 Test 2: Sample 1 (Thermoplastic 1)
	C.3.3 Test 3: Sample 2 (Sandwich Composite 1)
	C.3.4 Test 4: Sample 5 (Thermoplastic 2)
	C.3.5 Test 5: Sample 3 (Sandwich Composite 2)
	C.3.6 Test 6: Sample 4 (Thermoplastic 3)
	C.3.7 Test 7: Sample 7 (FRP 2)


	Appendix D. FDS Prediction of Building Materials in NFPA 286 Room-corner Tests
	Appendix E. Calorimeter Test Results of Rail Car Seating Assemblies
	E.1 Govmark Testing Reports of Calorimeter Tests
	E.1.2 Test 1: Sample 1 (Completed 06/11/2018)
	E.1.3 Test 2: Sample 2 (Completed 06/11/2018)
	E.1.4 Test 3: Sample 3 (Completed 06/12/2018)

	E.2 Calorimeter Test Data Plots
	E.2.1 Test 1: Sample 1
	E.2.3 Test 2: Sample 2
	E.2.4 Test 3: Sample 3

	E.3 Calorimeter Test Photos
	E.3.1 Test 1: Sample 1

	E.3.2 Test 2: Sample 2
	E.3.3 Test 3: Sample 3




