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Abstract 

 
Composites have been used for military and marine 

applications for many years and are being widely applied 

to buildings as structural and interior finish materials. 

The primary hazard of interest to fire engineers in these 

applications is vertical flame spread as this is a rapid me-

chanism. Hence, an experimental study was conducted to 

evaluate the flame spread behavior of composite mate-

rials. This study was part of a larger cooperative research 

program for fire growth and pyrolysis model develop-

ment.  

The current paper presents experimental data for in-

termediate scale vertical flame spread using an 8 ft high 

parallel panel configuration for a matrix of fiber rein-

forced polymer (FRP) composite systems. The matrix of 

ten fiber reinforced polymer systems were based on 2 

glass contents (low and high) and 5 resin systems includ-

ing polyester with fire retardant, modified acrylic resin, 

neat phenolic, phenolic with charring additives and phe-

nolic with intumescent additives. The data includes mea-

surements on flame spread and pyrolysis characteristics, 

heat release rate, mass loss, smoke yield, and post test 

damage assessment via visual inspection. Additionally, 

discretized information at various heights for heat flux 

and gas temperatures are presented.  

In contrast to typical materials tested in the parallel 

panel configuration which show accelerating flame 

spread, the investigated FRP composites show excellent 

vertical flame spread behavior in that flame spread 

ranged from none to decelerating. The measurements ob-

tained in the current study can be used for further re-

search to validate flame spread models.  

 

1. Introduction 

 
A cooperative research program on fiber reinforced 

polymer (FRP) composites was undertaken between FM 

Global and Worcester Polytechnic Institute – Department 

of Fire Protection Engineering. It consisted of bench 

scale fire propagation apparatus (FPA) [1] experiments 

to obtain data for fire growth and pyrolysis model devel-

opment as well as intermediate scale parallel panel [2] 

experiments to obtain data of vertical flame spread for a 

matrix of FRP composites. 

The current study presents the experimental data of 

intermediate scale vertical flame spread using a parallel 

panel configuration. This data will be useful to validate 

vertical flame spread models as well as correlation with 

the bench scale results when they are obtained.  

A brief description of the parallel panel configura-

tion is provided along with calibration information about 

the source fire heat flux distribution. Details of instru-

mentation utilized, including heat flux gages, thermo-

couples and instrumented thermocouple plugs are pro-

vided. The reasoning behind the choice of test duration is 

also provided. Experimental results for flame height de-

termined via visual observation, gas temperature mea-

surements and heat flux gage measurements are given. 

Flame spread distance determined by post-test assess-

ment is given as well as combustion analysis data. A 

comparison with previous parallel panel results and some 

observations taken during the tests are also provided. 

 

2. Experimental Technique 

 
A parallel panel [2] configuration was used to de-

termine vertical flame propagation for the matrix of FRP 

composites. This configuration has previously been used 

to evaluate fire hazards associated with materials used in 

semiconductor fabrication facilities [3] and electric 

cables [4]. The maximum heat fluxes in the 2.4 m (7.9 ft) 

high parallel panel are in the range of 20-50 kW/m
2  

(1.8-

4.4 Btu/sec-ft
2
) for propane source fires of 30-100 kW 

(28.4-94.8 Btu/sec). This range of heat fluxes was not 

anticipated to result in vertical flame spread away from 

the source fire for the majority of the FRP systems. 

Hence, to maximize the source fire heat flux, propylene 

gas was used instead of the usual propane, resulting in 

maximum heat fluxes in the range of 40-80 kW/m
2 

(3.5-

7.0 Btu/sec-ft
2
) for source fires of 30-100 kW (28.4-94.8 

Btu/sec).  

Flame height was determined from visual observa-

tion of the video record as well as heat flux gages em-

bedded in the sample surface and thermocouples placed 

slightly in front of the surface. Instrumented thermo-

couple plugs were used to obtain the condensed phase 

temperature profile at various heights. Combustion anal-

ysis was completed along with post-test assessment of 



COMPOSITES & POLYCON 2009  

2  

pyrolysis and structural damage.  

 

2.1. Parallel Panel 

A parallel panel [2] configuration consists of two 

panels 2.4 m (7.9 ft) high by 0.6 m (2 ft) wide with a 

sand burner between them at the base. Each panel is a 

2.54 cm (1 in.) thick Marinite [5] base, supported by an 

angle iron frame and plywood, that the sample is me-

chanically attached to as shown in Figure 1, reproduced 

from Reference [2], and Figure 2.  

Eight through-bolts are used to attach the sample to 

the panel base. Additionally, 2.5 cm (1 in.) side frames 

are used to keep the sample edges tight against the Mari-

nite. Any slight gap between the sample bottom and the 

sand burner was filled with Kaowool [6] to keep the 

source fire from getting behind the sample. The source 

fire was a 100 kW (94.8 Btu/sec) propylene fire with ap-

proximately 0.76 m (1.5 ft) tall flames. The entire appa-

ratus was placed on a load cell.  

 

2.2. Heat Flux Gages 

 The heat flux was obtained using 2.54 cm (1 in.) 

diameter Medtherm [7]
 
brand Schmidt Boelter heat flux 

gages embedded in the sample, flush to the surface, 

every 0.3 m (1 ft) on one panel of the Parallel Panel as 

shown in Figure 3. Cotronics [8] brand thermal insula-

tion, 2 mm (0.08 in) thick, was used in the slight gap be-

tween the gage and sample.  

The gages were cooled with 65 °C (149 °F) water 

to minimize condensation. They were cleaned before 

every test with a light application of acetone to remove 

any sample material that may have melted and adhered to 

the gage. This cleaning process did not affect the sensor 

coating.  

 

2.3. Instrumented Thermocouple Plugs 

The condensed phase temperature profile was ob-

tained using instrumented thermocouple plugs which 

were installed at heights of 30.5 (1), 91.4 (3), 152.4 (5) 

and 213.4 cm (7 ft) on the opposite panel as the heat flux 

gages and thermocouples as shown in Figure 4. Surface 

temperatures were not successfully obtained.  

A plug from the sample had 1 mm (0.04 in.) diame-

ter holes drilled from the side to allow insertion of ther-

mocouples at sample depths of 1 (0.04), 3 (0.12) and 5 

mm (0.2 in.) as well as attached to the rear surface. The 

outer insulation of the thermocouples was removed and a 

coating of high thermal conductivity grease was used to 

coat the thermocouples and fill the holes ensuring good 

thermal contact with the sample. As shown in Figure 5, 

the instrumented plug was attached to the base in the lo-

cation it was obtained from and the gap between the 

sample and the plug was filled with Cotronics [8] to 

eliminate edge burning of the plug. 

 

2.4. Thermocouples 

The gas temperature approximately 3 mm (0.12 in.) 

in front of the sample surface was obtained using 28 

gauge, type K thermocouples that were installed coming 

from the rear of the sample through the heat flux gage 

holes. Hence, the gas temperature measurements were 

taken on the same panel and at the same heights as the 

heat flux.  

 

3. Test matrix 

 
Ten FRP systems, fabricated by Mr. Charles H 

Dore at Cinnabar, FL, are based on 2 glass contents (low 

and high) and 5 resin systems including polyester with 

FR, modified acrylic resin, neat phenolic, phenolic with 

charring additives and phenolic with intumescent addi-

tives as shown in Table 1. Table 2 shows ASTM E-84 

results provided by the panel manufacturer for the low 

glass content. The Flame Spread Index results show that 

the phenolic samples are expected to be the better per-

formers. The Smoke Index is provided for reader interest.  

 

4. Results 

 
Experimental results are given for maximum ver-

tical flame height determined via visual observation, gas 

temperature measurements and heat flux measurements. 

Also provided is maximum vertical pyrolysis height from 

visual post-test assessment as well as the gas temperature 

and heat flux measurements at this height. For complete-

ness, combustion data is also given for maximum heat 

release rate (HRR), average HRR, average mass loss rate 

and average smoke yield. Observations taken during test-

ing are also included. Condensed phase temperature profiles 

from thermocouple plugs were not analyzed in this study but 

are available for future analysis and modeling.  

 

4.1. Vertical Flame Height 

 By Visual Observation 

The vertical flame height was obtained from visual 

observation of the video record which could be viewed at 

slow speed down to 0.03 sec per frame using Dolby La-

boratory WinDVD Version 4 DXVA. Using this “frame 

by frame” technique, the flame tip was easier to observe 

consistently than the 50 % intermittency height. Figure 6 

shows a representation of the maximum flame height 

measured for sample 1A. Note that commercial software 

which is typically utilized to automatically analyze flame 

height via luminosity was not available for use in this 

study. 

 

By Gas Temperature 

The vertical flame height was also obtained from 

gas temperatures approximately 3 mm (0.12 in.) in front 

of the sample surface. Figure 7 shows a representative 

gas temperature plot.  

A gas temperature of approximately 300 °C (572 
o
F) is typically used in literature[9] to indicate 0 % in-

termittency, i.e., flame tip. Any temperature below 300 

°C (572 
o
F) is considered to be simply hot plume. In this 

study where the maximum flame height is defined as the 
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flame tip, any height with a gas temperature reading 

equal to or greater than 300 °C(572 
o
F), at any time dur-

ing the test, indicates flame. Any height with a tempera-

ture below 300 °C(572 
o
F) indicates no-flame. (Litera-

ture values were used since the gas burner calibration 

tests did not have thermocouples installed.) 

 

 By Heat Flux 

Consalvi et. al[10] show from various studies con-

ducted by different authors that the experimentally 

measured flame height corresponds to the location for a 

confirmed spreading flame where the wall heat flux is 

reduced to approximately 4 kW/m
2 
(1.2 Btu/sec-ft

2
) to 10 

kW/m
2 

(0.9 Btu/sec-ft
2
). A heat flux value of 8 kW/m

2  

(0.7 Btu/sec-ft
2
) was chosen for the current study since it 

is approximately centered in this range. However, con-

firmation of whether flame spread has occurred is needed 

before this value of 8 kW/m
2
 (0.7 Btu/sec-ft

2
) can be 

used since a heat flux of 8 kW/m
2 

(0.7 Btu/sec-ft
2
) was 

found to occur in the plume above the source fire at a 

height of approximately 1.6 m (5.2 ft). An independent 

method using the heat flux measurements only and not 

visual observations or temperatures was preferred. This 

method was based on using information about the source 

fire heat flux to be able to decide a simple “occurred” or 

“not occurred” situation for whether the sample expe-

rienced flame spread. This was considered reasonable 

since it was observed that if a sample experienced defini-

tive flame spread (as determined visually) the heat flux at 

the original source fire height increased above the value 

measured for only the source fire and the heat flux in the 

plume decreased. 

The source fire flame tip heat flux was obtained us-

ing a gas burner calibration test with Marinite[5] panels, 

instead of a sample, that provided a constant height 

source fire. Comparing with visual observations, it was 

found that a heat flux of 26 kW/m
2
 (2.3 Btu/sec-ft

2
) indi-

cated flame tip at 0.76 m (2.5 ft) for the source fire.  

To establish that flame spread has occurred, the fol-

lowing was done: The location of 26 kW/m
2
 (2.3 

Btu/sec-ft
2
)

 
was determined. If it is above 0.76 m (2.5 ft), 

then flame spread was assumed to have occurred. Then 

the height at which 8 kW/m
2
 (0.7 Btu/sec-ft

2
) was found 

and this was considered to be the flame height of the 

spreading flame.  Figure 8 shows a representative heat 

flux plot.  

Table 3 shows experimental results for vertical 

flame height for the matrix of FRP composites investi-

gated in this study. The flame height was determined as 

the distance centered between two adjacent data points, 

one indicating flame and the other indicating no-flame. 

Since the data was obtained at 0.30 m (1 ft) increments, 

the uncertainty of the flame height for the thermocouples 

and heat flux is ± 0.15 m (0.5 ft). For the visual record, 

the uncertainty was ± 0.07 m (0.2 ft) due to the scale in-

crements.  

 

Flame Height Summary 

In Table 3, note that the “no spread” listed in the 

heat flux column means that the height at which the heat 

flux was 26 kW/m
2
 (2.3 Btu/sec-ft

2
) did not change. This 

shows that there was no “additional” flame due to the 

sample burning, i.e., only the source fire was present.  

 

4.2. Pyrolysis Height  

Post-Test Assessment 

The vertical pyrolysis height was determined by post-

test assessment which consisted of physically investigating 

for damage such as resin burnout, delamination and evi-

dence of pyrolysis such as “bubbled” or “roughened” sur-

face areas. All samples had significant burn out and minor 

delamination in the source fire zone. Figure 9 shows a rep-

resentative post-test assessment. 

Since flame spread is defined as spread of the pyro-

lysis front, the post test assessment is a direct indication 

of the extent of maximum flame spread. Hence, the ver-

tical flame spread distance is defined as the maximum pyro-

lysis height reached minus the source fire height. 

 

Pyrolysis Height Summary 

Table 4 shows the post test assessment for the FRP 

composites investigated in this study. The measured py-

rolysis height is shown in the third column while the 

fourth and fifth columns are the approximate gas temper-

atures and heat flux at this height. The sixth column 

shows the vertical flame spread distance as defined 

above, i.e., measured pyrolysis height in the third column 

minus the source fire height of 0.76 m (2.5 ft). 

The negative flame spread distance of -0.08 m 

(0.26 ft) for sample 5C indicates that either there was a 

problem with the post test measurement or that the 

source fire may have been slightly smaller than 100 kW 

(94.8 Btu/sec). (Samples 4A and 5A are within the un-

certainty of the post test measurement.) 

Table 4 also shows that the lowest to highest flame 

spread distance for low glass content was phenolic with 

intumescent additives (5A) and phenolic with charring 

additives (4A) at no flame spread at all, modified acrylic 

resin (2A) at 0.46 m (1.5 ft), neat phenolic (3A) and po-

lyester with FR (1A) at 0.51 m (1.7ft). For high glass 

content, the lowest to highest flame spread distance was 

phenolic with intumescent additives (5C) and phenolic 

with charring additives (4C) with no flame spread at all, 

modified acrylic resin (2C) at 0.28 m (0.9 ft), neat phe-

nolic (3C) and polyester with FR (1C) at 0.41 (1.3) and 

0.51 m (1.7ft). Note that the results of Avila et. al. [11] 

and ASTM E-84, provided by the manufacturer in Table 

2, are inherent of good performance materials. However 

the flame spread index of ASTM E-84 appears to exagge-

rate the difference when compared to the vertical flame 

spread results of the current study. 

 

4.3. Combustion Analysis 

Table 5 shows experimental results for the maximum 

HRR, average HRR, average mass loss rate and average 

smoke yield for the matrix of FRP composites investigated 
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in this study. The uncertainty of the heat release rates, mass 

loss rate and smoke yield is based on the combined resolu-

tion of the data acquisition system and the gas analyzers, 

load cell and smoke meter respectively.  

Inspection of Table 5 shows that the lowest to high-

est maximum HRR (which is consistent with vertical 

flame spread distance from Table 4) was phenolic with 

intumescent additives (5A), phenolic with charring addi-

tives (4A), neat phenolic (3A), and modified acrylic resin 

(2A) and polyester with FR (1A) for the low glass con-

tent samples. For the high glass content  phenolic with 

charring additives (4C), phenolic with neat phenolic in-

tumescent additives (5C), neat phenolic (3C), polyester 

with FR (2C) and modified acrylic resin (1C). 

 

4.4. Visual Observations 

Visual observations during testing show that all of 

the samples produced significant amounts of smoke. 

Several samples had “popping” occur which is assumed 

to be trapped water vapor escaping. None of the samples 

melted, i.e., ran down the face due to gravity. All sam-

ples self extinguished within 1 minute after shutting off 

the source fire. The phenolic with intumescent sample 

only intumesced about 1 mm (0.04 in.) thickness. Some 

tests did not obtain heat flux measurements due to an un-

secured side frame coming loose which allowed the 

sample to delaminate excessively in the source fire zone. 

This delaminated material stuck out up to 15 cm (6 in.) 

and deformed thus blocking the heat flux gage.  

 

4.5. Comparison with Literature Data 

A comparison with the current study results for the 

FRP composite materials shown in Table 6 shows that 

flame spread for the current study materials is signifi-

cantly lower than the typical materials tested by Wu and 

Bill[12]. As seen in the tables, the best of the literature 

materials (CPVC) spread, 0.9 m (3 ft),  is the greater than 

the worst of the current study materials (polyester with 

FR) spread, 0.51 m (1.7 ft). The better performing of the 

current study materials (phenolic with intumescent and 

phenolic with charring) did not experience flame spread 

at all. This table clearly shows the superior vertical flame 

spread behavior in a parallel panel configuration of the 

current study materials, especially the phenolic based 

ones. This is especially impressive since the source fire 

heat flux of the current study using propylene of between 

55-75 kW/m
2 

(4.8-6.6 Btu/sec-ft
2
) (100 kW (94.8 

Btu/sec) source fire) is about 30 % greater than the 40-50 

kW/m
2 

(3.5-4.4 Btu/sec-ft
2
) of the 60 kW (56.9 Btu/sec) 

propane source fire used by Wu and Bill [12].  

 

5. Summary and Conclusions 

 
The current study presents experimental data of in-

termediate scale vertical flame spread using a parallel 

panel[2] configuration as part of a cooperative research 

program on FRP composites with Worcester Polytechnic 

Institute – Department of Fire Protection Engineering. It 

consists of bench scale FPA [1] experiments to obtain 

data for fire growth and pyrolysis model development as 

well as intermediate scale parallel panel experiments to 

obtain data of vertical flame spread for a matrix of FRP 

composites. 

A parallel panel configuration consists of two pa-

nels 2.4 m (7.9 ft) high by 0.6 m (2 ft) wide with a 0.3 m 

x 0.6 m (1 ft x 2 ft) sand burner between them at the 

base. Propylene gas was used since its increased sooting 

as compared to propane allowed for an average of ap-

proximately 30 % greater heat flux to the sample from a 

source fire of the same heat release rate. Instrumentation 

used to determine vertical flame height include heat flux 

gages embedded in the sample, gas temperature thermo-

couples placed approximately 3 mm (0.1 in.) in front of 

the sample surface and video recorded visual observa-

tions. Pyrolysis spread was determined from post-test 

assessment. This pyrolysis spread was used as a direct 

measure of flame spread distance. 

Experimental results for vertical flame height show 

that within the uncertainty of ± 0.15 m (0.5 ft), the height 

determined visually is generally the same as that ob-

tained via heat flux gage and temperature measurements. 

This is expected since the threshold values were chosen 

from literature correlation of maximum height as defined 

by the flame tip obtained visually with the heat flux and 

the temperature. 

Experimental results for vertical flame spread dis-

tance show that the lowest to highest flame spread dis-

tance for low glass content was phenolic with intumes-

cent additives (5A) and phenolic with charring additives 

(4A) at no flame spread at all, modified acrylic resin 

(2A) at 0.46 m (1.5 ft), neat phenolic (3A) and polyester 

with FR (1A) at 0.51 m (1.7 ft). For high glass content, 

the lowest to highest flame spread distance was phenolic 

with intumescent additives (5C) and phenolic with char-

ring additives (4C) with no flame spread at all, modified 

acrylic resin (2C) at 0.28 m(0.9 ft), neat phenolic (3C) 

and polyester with FR (1C) at 0.41 (1.3) and 0.51 m (1.7 

ft). 

Results for combustion analysis show that the low-

est to highest maximum HRR (which is consistent with 

the flame spread results) was phenolic with intumescent 

additives (5A), phenolic with charring additives (4A), 

neat phenolic (3A), modified acrylic resin (2A) and po-

lyester with FR (1A) for the low glass content samples. 

For the high glass content  phenolic with charring addi-

tives (4C), phenolic with neat phenolic intumescent addi-

tives (5C), neat phenolic (3C), polyester with FR (2C) 

and modified acrylic resin (1C).  

Comparison with literature data for other materials 

tested in a parallel panel configuration shows the supe-

rior vertical flame spread behavior in a parallel panel 

configuration of the current study materials, especially 

the phenolic based ones. This is especially impressive 

since the source fire heat flux of the current study using 

propylene of between 50-80 kW/m
2 

(4.4-7.0 Btu/sec-ft
2
) 

is about 30 % greater than the 40-50 kW/m
2 

(3.5-4.4 
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Btu/sec-ft
2
) of the propane source fire used by Wu and 

Bill [12].
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Figure 2: A parallel panel configuration as used 

in current study. 
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Figure 4: Instrumented plug locations. All di-

mensions in cm unless noted (not to scale). 

 

 

 
Figure 5: Instrumented plugs installed in sam-

ple. 
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Figure 6: Representation of flame height – 

measured for sample 1A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Representative gas temperature plot (Sample 2C). 
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Figure 8: Representative heat flux plot (Sample 2C). 

 

 

 
 

Figure 9: Typical post-test visual assessment. “Burned Out” means resin consumed but fibers remain. 
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Table 1: Test matrix. 

Sample Resin Glass Content Method 

1A Polyester with FR Low Hand Laminated 

1C Polyester with FR High Vacuum Bagged 

2A Modified Acrylic Resin Low Hand Laminated 

2C Modified Acrylic Resin High Vacuum Bagged 

3A Neat Phenolic Low Hand Laminated 

3C Neat Phenolic High Vacuum Bagged 

4A Phenolic with Charring Low Hand Laminated 

4C Phenolic with Charring High Vacuum Bagged 

5A Phenolic with Intumescent Low Hand Laminated 

5C Phenolic with Intumescent . High Vacuum Bagged 

 

 
Table 2: ASTM E-84 results are provided by the panel manufacturer for low glass content. 

Resin Flame Spread Index  Smoke Index  

Polyester with FR 25 450 

Modified Acrylic Resin 20 225 

Neat Phenolic 10 20 

Phenolic with charring 5 0 

Phenolic with Intumescent 0 0 
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Table 3: Vertical flame height(* no data due to heat flux gage problem, +  includes source fire 

height of 0.76m, # height at which 8kW/m
2
(0.7 Btu/sec-ft

2
) is obtained for a spreading flame). 

Sample Resin 

Vertical Flame Height 

m (ft) 

Visual 
+
 

± 0.08 (± 0.26) 

HF gage 
#
 

± 0.15 (± 0.49) 

Thermocouple 

± 0.15 (± 0.49) 

1A Polyester with FR 1.83 (6.00) 1.98 (6.50) 1.37 (4.49) 

1C Polyester with FR 1.37 (4.49) 1.37 (4.49) 0.76 (2.49) 

2A Modified Acrylic Resin 1.22 (4.00) * 0.76 (2.49) 

2C Modified Acrylic Resin 1.67 (5.48) 1.67 (5.48) 1.07 (3.51) 

3A Neat Phenolic 1.37 (4.49) * 1.07 (3.51) 

3C Neat Phenolic 1.22 (4.00) 1.37 (4.49) 1.07 (3.51) 

4A Phenolic with Charring 0.91 (2.99) 
no 

spread 
1.07 (3.51) 

4C Phenolic with Charring 0.91 ( 2.99) 
no 

spread 
0.76 (2.49) 

5A Phenolic with Intumescent 0.91 (2.99) 
no 

spread 
0.76 (2.49) 

5C Phenolic with Intumescent  0.91 (2.99) 
no 

spread 
0.76 (2.49) 

 

Table 4: Vertical flame height( * heat flux gage problem, # measured post-test pyrolysis 

height, + flame spread distance = measured post-test pyrolysis minus sour fire height of 

0.76m). 

Sample Resin 

Post-test 

Pyrolysis
#
 

m (ft) 

±0.02(±0.07) 

HF Gage 

kW/m
2 
 

(Btu/sec-ft
2
) 

± 5 (± 0.4) 

Temperature 

°C (
o
F) 

± 50 (±122) 

Flame 

Spread 

m (ft) 

±0.02(±0.07) 

1A Polyester with FR 1.27 (4.17) 25 (2.2) 400 (752) 0.51 (1.67) 

1C Polyester with FR 1.27 (4.17) 12 (1.1) 300 (572) 0.51 (1.67) 

2A Modified Acrylic Resin 1.22 (4.00) * 240 (464) 0.46 (1.51) 

2C Modified Acrylic Resin 1.04 (3.41) 24 (2.1) 270 (518) 0.28 (0.92) 

3A Neat Phenolic 1.27 (4.17) * 167 (333) 0.51 (1.67) 

3C Neat Phenolic 1.17 (3.84) 14 (1.2) 250 (482) 0.41 (1.35) 

4A Phenolic with Charring 0.74 (2.43) 26 (2.3) 325 (617) -0.02 (-0.07) 

4C Phenolic with Charring 0.76 (2.49) 25 (2.2) 315 (599) 0  

5A Phenolic with Intumescent 0.74 (2.43) 26 (2.3) 293 (559) -0.02 (-0.07) 

5C Phenolic with Intumescent  0.68 (2.23) 28 (2.5) 371 (700) -0.08 (0.26) 
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Table 5: Combustion analysis.(# HRR is from sample only, i.e., the 100 kW(94.8 Btu/sec) 

propylene source fire is not included, + note this value of 5 is unusually low). 

Sample Resin 

Maximum  

HRR
#
 

kW (Btu/sec) 

± 5 ( ± 4.7) 

Average  

HRR
#
 

kW (Btu/sec) 

± 5 ( ± 4.7) 

Average Mass 

Loss Rate  

g/sec  

( 0.001 lb/sec) 

± 0.2 ( ± 0.4) 

Average 

Smoke Yield 

(-) 

± 0.01 

1A Polyester with FR 150 (142.2) 74 (70.1) 8.1 (17.9) 0.06 

1C Polyester with FR 54 (51.2) 5
+
 (4.7

+
) 3.2 (7.1) 0.04 

2A Modified Acrylic Resin 77 (73.0) 50 (47.4) 3.9 (8.6) 0.01 

2C Modified Acrylic Resin 84 (79.6) 54 (51.2) 6.3 (13.9) 0.01 

3A Neat Phenolic 45 (42.6) 36 (34.1) 2.9 (6.4) 0.02 

3C Neat Phenolic 20 (19.0) 18 (17.1) 2.6 (5.7) 0.04 

4A Phenolic with Charring 21 (19.9) 11 (10.4) 1.8 (4.0) 0.04 

4C Phenolic with Charring 9 (8.5) 9 (8.5) 3.6 (7.9) 0.02 

5A Phenolic with Intumescent 15 (14.2) 15 (14.2) 2.6 (5.7) 0.03 

5C Phenolic with Intumescent  10 (9.5) 8 (7.6) 3.0 (6.6) 0.02 

 

Table 6: Literature data for materials tested in a parallel panel configuration. 

Material 

Vertical Flame 

Spread Distance 

m (ft)  

Maximum HRR  

kW (Btu/sec) 

Smoke  

Yield 

(-) 

CPVC 

chlorinated polyvinylchloride 
0.9 (2.95) 3 (2.8) 0.014 

PVDF 

polyvinylidene fluoride 
0.9 (2.95) 11 (10.4) 0.011 

PVCgray 

gray polyvinylchloride 
1.2 (3.94) 31 (29.4) 0.033 

PVCwhite 

white polyvinylchloride 
1.2 (3.94) 49 (46.4) 0.060 

PSU 

polysulfone 
>2.4 (7.87) 225 (213.2) 0.039 

PC 

polycarbonate 
>2.4 (7.87) 245 (232.2) 0.022 

PMMA 

polymethylmethacrylate 
>2.4 (7.87) 295 (280.0) 0.0008 

FRPP 

fire-retardant polypropylene 
>2.4 (7.87) 305 (289.1) 0.038 

 


