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PREFACE

This report was prepared by the University of Dayton Research
Institute for the Federal Aviation Administration Systems Research and
Development Service under Contract FAT4WA-3532 during the period July
1974 to March 1976. The report describes the development of a basic mathe-
matical model of a fire within the cabin of a wide-body commercial transport
category aircraft. The report is divided into three volumes of which this is
the second. Volume 1, entitled "Basic Mathematical Model'", describes the
development and presents example results of the model. Volume 2,
"Laboratory Test Program!'’', presents the results of a laboratory test and
data collection program conducted in support of the development of the
model. Volume 3, '""Computer Program User's Guide'', is a guide for use

of the computer program which implements the mathematical model.

This contract was administered under the direction of Mr. Robert C.
McGuire and Mr. Charles C. Troha of the Systems Research and Develop-
ment Service, ARD 520. The laboratory tests were conducted by the
Materials Technology Division of The Boeing Commercial Airplane Company
under a subcontract to the University of Dayton Research Institute. Dr.
James M. Peterson directed the test effort at Boeing and made significant
and valuable contributions to this report for which the author is very grateful.
The data analysis was performed by the Applied Systems Analysis Division
of the University of Dayton Research Institute under the supervision of Mr.
Nicholas A. Engler. Other personnel at the Research Institute who have
contributed to the program include Mr. Charles D. MacArthur, Mr, Michael
J. Geraci, Mr. Peter M. Kahut, and Mr. James K. Luers. The author
wishes to express his gratitude to all those mentioned for their support,
encouragement, and valuable technical contributions. The author also
wishes to thank Ms. Jacquelin Aldrich and Ms. Peggy Cummings for their

patient assistance in preparing the manuscript.
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SECTION 1
INTRODUCTION

This report describes the methods and presents the results of a
laboratory test program to measure various material combustion properties
representative of wide-body aircraft interior materials. The data collection
effort was initiated to facilitate the development of the Dayton Aircraft
Cabin Fire (DACFIR) Model. The laboratory tests were conducted by the

Boeing Commercial Airplane Company.

During the initial phase of the development of the DACFIR Model, the
available laboratory test data on aircraft interior materials was reviewed,
It was concluded that the available data did not sufficiently define the com-
bustion properties of materials for the purpose of predicting the materials
behavior in a full-scale fire situation, One of the problems with the available
data was that flame spread information for materials of interest could only
be obtained in the form of a flame spread index which is useful for comparison
of one material to another but does not define the actual flame spread
rates of the materials in physical units, e.g. ft/sec. A second problem was
that the tests were performed at only one applied heat flux level so that the
behavior of the material at different heat fluxes was not available, A third
problem was that data for some of the time parameters, such as time to
ignite at any flux level, associated with the combustion of a material were

not available,

In order to obtain data of the type needed for mathematical modeling
of cabin fires, the University of Dayton Research Institute (UDRI) entered
into a subcontract agreement with the Boeing Commercial Airplane Company.
Boeing conducted tests on aircraft interior materials using, among other
apparatus, an Ohio State University (OSU) Combustion Analyzer which was
well suited to generate much of the data of interest., The purposes of the

laboratory test program were to:



l.

define the combustion properties of representative

wide-body aircraft cabin materials at varying levels
of applied radiant heat flux; and

2'

provide specific input data so that the performance

of the DACFIR model could be evaluated using this
representative data,

The laboratory t ests were designed to provide values for the following

parameters required as input to the mathematical model.

b

PC

pe

sf

ss

The horizontal flame spread rate on a vertical oz
horizontal sample as a functicn of heat flux,

The vertically upward flame spread rate on a
vertical sample as a function of heat flux.

The vertically downward flame spread rate on
a vertical sample as a function of the heat flux,

The time required for a material to begin flaming
combustion after being exposed to a pilot flame as
a function of incident heat flux.

The time required for the material to become
charred (""burned-cut' and inert) as a result of
flaming combustion as a function of heat flux.

The time required for the material to begin
smoldering when exposed to different levels
of heat flux,

The time for the material to become charred as
a result of smoldering.

The time required for the material to cease
emitting smoke and/or toxic gases when smoldering
is induced and then the heat flux is removed.

The heat release rate per unit area for flaming
and (if applicable) for smoldering materials as
a function of incident heat flux,

The smoke release rate per unit area for the
material in the flaming state as a function
of incident heat flux.

The smoke release rate per unit area for the
material in the smoldering state,



th
The release rate per unit area of the i toxic gas
for the material in the flaming state as a function
of heat flux.

rf(i]

, .th :
The release rate per unit area of the i toxic gas

r (i)
s
for the material in the smoldering state.

The materials tested in the laboratory and the data generated is
discussed in Section 2 of this report, The analysis which was performed
on the laboratory test data to provide values for the above parameters is
discussed in Section 3. The set of material properties data which were
developed as input to test the DACFIR Model is presented in Section 4.

Conclusions reached as a result of this study are presented in Section 5.






SECTION 2
LABORATORY TEST MEASUREMENTS .

The experimental apparatus, the materials tested, and the test pro-
cedures used by the Boeing Company to measure various material properties

and the data resulting from these measurements are described below.

2.1 EXPERIMENTAL APPARATUS

Three experimental apparatus were used to make measurements:
The Ohio State University (OSU) Combustion Analyzer, the National Bureau
of Standards (NBS) Smoke Chamber, and the Boeing Burnthrough Apparatus,
Colorimetric (Driger) tubes were used to measure selected toxic gases.
Although these tubes are not suitable as a primary method for quantitative
analysis of combustion products, they have been shown to be an inexpensive
method for identifying the presence of certain gases and were thus considered

satisfactory for this study [1].

2.1.1 OSU Combustion Analyzer

The Combustion Analyzer apparatus developed at The Ohio
State University [2] was used to determine flame spread rates, heat reler;lse
rates, and smoke release rates as a function of heat flux incident on the
material tested. A schematic diagram of the instrument is showﬁ in
Figure 2.1. While a specimen is being burned, air enters the bottom of
the test chamber and exits out the top. Heat and smoke measurements are

made on the exhaust gas from the chamber.

[1] Constantine P. Sarkos, '"Measurements of Toxic Gases and Smoke
from Aircraft Cabin Interior Materials Using the NBS Smoke Chamber
and Cclorimetric Tubes'", National Aviation Facilities Experimental
Center, FAA-RD-76-7, March 1976.

[2] E.E. Smith, "Measuring Rate of Heat, Smoke, and Toxic Gas Release, "
Fire Technology 8, No. 3 (1972).
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Samples to be tested are mounted either vertically or
horizontally and are subjected to a radiant heat flux generated from an
electrically heated or gas-fired radiant panel. The heat flux level from
the electric panel is adjustable to a maximum of about 3. 5 W/cmz, and
that from the gas-fired panel to about 7.0 W/cm?. A small pilot flame
(12 Btu/min) is used to ignite the sample for tests in the flaming state.

A further description of the OSU Combustion Analyzer can be found

in Reference [2].
2,1.1.1 Heat Release Data

As the sample burns, heat is released that increases
the stack gas temperature and increases thermopile voltage v(t) which is
recorded automatically, A typical recorder plot of the output voltage from
the thermopile is shown in Figure 2.2, This increase is proportional to the
heat release rate with proportionality constant k, so that heat release
rate per unit area at time t is k v(t)/A where A is the area of thetest
specimen, The total heat released is the heat release rate integrated over

the total burning time of the sample.
2,1.1.2 Smoke Release Data

Smoke leaving the stack causes a photoelectric cell
which is sensing the light transmitted across the stack width to decrease its
output voltage. A typical recorder plot of the output voltage from the
photoelectric cell is shown in Figure 2.3, This decrease is monotonically
related to the light transmission, T(t). A calibration using neutral
density filters is employed to determine the relationship. The volume

rate of flow of exhaust gases through the stack, '\-F(t), is equal to

the quantity VDT (t)/'I‘g , where VO is the input flow rate of air, TU(t)
g O =
the absolute exhaust gas temperature, and T the absolute input air

. 20
temperature. The value of V _for all tests was 85 ft3/min. The rate of change
o

of specific optical density (equivalent to smoke release rate) is then:

f)s (t) = (AL)"1 ’\}(t) log [100/T(t)]

7
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where A is the area of the test specimen, L is the length of the light path
and T(t) is the transmittance over the light path in percent. The specific
optical density, Ds( t), is found by integrating DS{ t) over time,

t .
f V(t") log [100/T(t") Jat’

o]

-1
D (1) =(AL)

The specific optical density as determined by this equation is in principle

the same as that associated with the NBS Smoke Chamber,

2,1.2 NBS Smoke Chamber

The NBS Smoke Chamber measures the increase in opacification
in a chamber due to smoke accumulation from a burning sample. The
light transmission through the chamber is monitored continuously by a chart

recorder. A typical recorder plot for light transmission versus time is

shown in Figure 2, 4,

A specific optical density DS is computed from the light

transmission according to the formula:

v 100
D = — —
s~ AL g g

where V is the chamber volume (18 ft3), L is the length of the light beam
(3 ft), A is the sample surface area (6,55 'an), and T is the transmittance
in percent, DS gives a measure of the smoke produced by a burning

specimen., Colorimetric tubes can be used to sample the concentration of

toxic gas species in the chamber.

2.1.3 Boeing Burnthrough Apparatus

The burnthrough apparatus was developed and built at Boeing
to determine the effect on surfaces of high heat fluxes common in fires.
The design of the burnthrough apparatus is shown in Figure 2,5, A
specimen placed in the device is subjected to heat from a Meeker burner.
The conditions created by the burner have been shown to be very reproducible,

The rise in temperature on the back face is monitored to give a measure

10
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of how the material withstands direct fire exposure. A sudden, precipitous
rise in back-face temperature indicates burnthrough hi s taken place. The
temperature of the stack gases is monitored to provide a rough measure

of the heat release rate and the total heat release.

2,1.4 Colorimetric Tubes

Colorimetric tubes, (such as Drager tubes), were used for toxic
gas analysis. Toxic gas species produced were determined by burning
test specimens in the NBS Smoke Chamber at various heat fluxes (2.5,
5.0, and 7.5 W/crnz). ‘The gases in the chamber were measured with the
colorimetric tubes at approximately their highest concentration. Results
are expressed in parts per million, by volume. Significant toxic gases

for which measurements were made were limited to CO, SO_, HCl, HCN,

2’
and HF,

2.2 MATERIALS TESTED

Eighteen separate cabin interior materials were tested. These
materials can be grouped into nine different usages in a typical wide-body air-
craft cabin, Each material was tested in a vertical position, a horizontal
position, or both, depending on its usage in the cabin. Table 2.1 lists the

materials tested and indicates the position in which each was tested.

The carpet materials were tested with their pads., All the sidewall
panels were of the same construction but different in color or printed pattern,
The sidewall panel construction is shown in Figure 2. 6. The window reveal
and passenger service unit (PSU) are made of the same material. The
stowage bin construction is shown in Figure 2.7, The ceiling panels were all
of the construction shown in Figure 2.8, The seat upholstery materials

tested were backed by a half inch polyether urethane foam pad.

/ .



TABLE 2.1
MATERIALS TESTED

Material Material Material Tested Tested
No. Usage Description Vertically Horizontally
1 Carpet and wool, cut and loop ®
Pad
2 Carpet and wool, loop pile °
Pad
3 Sidewall white background, ]
Panel printed letters

(see Fig. 2.6)

+ Sidewall yellow with ®
Panel geometric figure
(see Fig. 2.6)

5 Sidewall orange with ?
Panel geometric figure
(see Fig. 2.6)
6 Sidewall blue with )
Panel geometric figure
(see Fig, 2.6)
7 Sidewall brown with wood @
Panel grain pattern
(see Fig. 2.6)
8 Window 0.080 inch thick @ °
Reveal, PSU beige polycarbonate
9 Window 0. 040 inch thick ® 8
Reveal, PSU beige polycarbonate
10 Window acrylic - °
Transparency
11 Stow Bin cream colored °
(see Fig. 2.7)
12 Upper (see Fig. 2.8) ®
Ceiling Panel
13 Lower (see Fig. 2.38) °
Ceiling Panel
14 Lower brown, perforated ] °

Ceiling Panel (see Fig. 2.8)



Material
No.

15

16

17

18

Material
Usage

Seat
Upholstery
and Foam
Pad

Seat
Upholstery
and Foam
Pad

Seat
Upholstery
and Foam
Pad

Seat Cushion
Foam Pad

TABLE 2.1 (Continued)
MATERIALS TESTED

Material
Description

100% Nomex,
zirconium treated,
0.5 inch foam pad

90% wool, 10%
nylon, zirconium
treated, 0.5 inch
foam pad

100% wool,
zirconium treated,
0.5 inch foam pad

0.5 inch thick
polyether urethane

15

T ested
Verticallz

Tested
Horizontally




Cabin Side

.001 inch clear Tedlar
______ Ink decorative pattern
. 002 inch opaque Tedlar

1 ply type 181 fiberglass-epoxy
(pre-impregnated)

1 ply type 120 fiberglass-epoxy
(pre-impregnated)

[TMTTMTTM Nomex honeycomb core; 0.125 inch cell,
0.25 inch thick, 3 1b/ft3 density

} 2 ply type 120 fiberglass-epoxy
(pre-impregnated)

Inner Wall Side

Figure 2,6 Sidewall Panel Construction
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Cabin Side

. 002 inch opaque Tedlar

1 ply type 181 fiberglass-epoxy
(pre-impregnated)

1 ply type 120 fiberglass-epoxy
(pre-impregnated)

—ITT"T Nomex honeycomb core; 0.25 inch cell,
0.25 inch thick; 1.5 1b/ft3 density

1 ply type 181 fiberglass-epoxy
(pre-impregnated)

1 ply type 120 fiberglass-epoxy
(pre-impregnated)

. 001 inch opaque Tedlar
Inner Wall Side

Figure 2,7 Stowage Bin Construction

Cabin Side
. 002 inch opaque Tedlar

1 ply type 181 fiberglass-epoxy
(pre-impregnated)

1 ply type 120 fiberglass-epoxy
(pre-impregnated)

[Tl Nomex honeycomb core; 0,25 inch cell,
0.25 inch thick, 1.5 1b/ft3 density

1 ply type 120 fiberglass-epoxy
(pre-impregnated)

Inner Wall Side

Figure 2.8 Ceiling Panel Construction
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2.3 TEST MEASUREMENTS

Flame spread rates, heat release data, smoke release data and all
but one {tpe) of the time parameters identified in Section 1 were measured
using the OSU Combustion Analyzer. A total of 31 data items were acquired
from the Combustion Analyzer for each vertical specimen tested. A total
of 19 data items were acquired for each horizontal specimen tested.

The vertical specimens were six inches by six inches in size. The
horizontal specimens were four inches by ten inches., Heat flux values
were varied from 1,4 W’/crn‘2 to 6.0 W/cmz. This range covers the heat
flux values which materials are likely to experience in a typ.cal cabin fire,
The various data items from the Combustion Analyzer and the manner in

which they were determined are as follows,

Vertical Specimens

1. Horizontal Flame Spread Rate - inches/minute
(see Figure 2.9)

V1A - Pilot ignition is at the center of the bottom
of the specimen, The time after ignition
required for the flame to move from the
center to 1/3 the distance from the center-
line to the right or left edge (1 inch) is mon-
itored visually and the flame spread rate is
computed,

VIB - Same as above except the time after ignition
required for the flame to move 2/3 the distance
from the centerline to the right or left edge
(2 inches) is monitored visually and the flame
spread rate is computed,

V1C - Same as above except the time after ignition
required for the flame to move the full distance
from the centerline to the right or left edge
(3 inches) is monitored visually and the flame
spread rate is computed.

V1D - Same as V1A except ignition occurs at the
geometric center of the panel,

18



razAleUuy UOI}SNGUIO D)

nso 243 ul ﬁme.umam 1e21119 A B UO S3jey ﬁdmuaw el I AH'7 2andiq

uo13iud] xajuan-woijog (q)

TA

w-

N

&

TA

il

uo1]1uf] 193U H-12jul ) (®)

A

EA

[A

ZA

—

a9 T

ul 9

19



VIE - Same as V1B except ignition occurs at the
geometric center of the panel.

VIF - Same as VIC except ignition occurs at the
geometric center of the panel,

2, Vertical Flame Spread Rate Up - inches/minute
(see Figure 2.9)

VZA - Ignition is at the center of the specimen at
the bottorn. The time required for the
flame to move 1/2 the distance from
the bottom of the specimen to the top
(3 inches) is monitored visually and the
flame spread rate is computed.

V2B - Same as above except the time required
for the flame to move the full distance
from the bottom of the specimen to the
top (6 inches) is monitored visually and
the flame spread rate is computed.

vac - Ignition occurs at the geometric center
of the specimen and the time required
for the flame to reach 1/2 of the distance
to the top (1.5 inches) is monitored visually
and the flame spread rate is computed,

V2D - Ignition occurs at the geometric center
of the specimen and the time required
for the flame to reach the full distance
from the center to the top (3 inches) is
monitored visually and the flame spread
rate is computed.

3. Vertical Flame Spread Rate Down - inches/minute
(see Figure 2.9)

V3A - Ignition occurs at the geometric center of
the specimen and the time required for the
flame to reach 1/2 of the distance to the
bottom (1.5 inches) is monitored visually
and the flame spread rate is computed.

V3B - Ignition occurs at the geometric center of the
specimen and the time required for the flame
to reach the full distance to the bottom (3 inches)
is monitored visually and the flame spread
rate is computed,
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4, Heat Release Data

V4A - The maximum heat release rate per unit area
is reported in Btu/(ft2 + min).

V4Al - bottom-center ignition
V4A2Z - center-center ignition
V4A3 - no piloted ignition
V4B - The total heat release is reported in Btu/ftz.
V4Bl - bottom-center ignition
V4B2 - center-center ignition
V4B3 - no piloted ignition

5. Smoke Release Data

V5A - The maximum value of the specific optical
density, Dg, which is a dimensionless quality,
is reported.

V5A1 - bottom=-center ignition
V5A2 - center-center ignition
V5A3 - no piloted ignition
V5B - The maximum time rate of change of DS in units

of per minute is reported.

V5BI1 - bottom-center ignition
V5B2 - center-center ignition
V5B3 - no piloted ignition

6. Time to Flame - minutes
Vo6A - The elapsed time after the sample is
inserted before ignition occurs using

a center-center pilot flame is reported.

V6B - Same as above except with no pilot flame.
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7. Time to Self Extinguishment After Ignition - minutes

VTA - The time which elapses between piloted
ignition at the bottom center and self
extinguishment is reported.

V7B - Same as V7A, except the ignition is at
center-center,

viC - The time which elapses between auto
ignition and self extinguishment is reported.

8. Time to Smolder (only exposures with no piloted
ignition) - minutes

V8 - The time which elapses between sample
insertion and the onset of smoldering
monitored visually as a blackening or
darkening of the sample surface is reported.

9. Time to Self Extinguishment After Smoldering
Begins (only exposures with no piloted ignition) - minutes

V9 - The time which elapses between the onset
of smoldering and the end of smoldering,
monitored visually, is reported.

Horizontal Specimens

1. Horizontal Flame Spread Rate - inches/minute
(see Figure 2,.10)

H1A - Pilot ignition is at the geometric center of
the specimen. The time required for the
flame to move from the center to 1/2 the
distance to the short side (1 inch) is monitored
visually and the flame spread rate is computed.

HIB - Same as above except the time for the flame to
move the entire distance to the short side (2
inches) is monitored visually and the flame
spread rate is computed.

H1C - Same as above except the time for the flame
to move half the distance from the center to
the long side (2.5 inches) is monitored
visually and the flame spread rate is computed.
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HI1D -

Same as above except the time for the flame
to move all the way to the long side is

monitored visually and the flame spread rate
is computed,

2, Heat Release Data

H2A -

HZB -

The maximum heat release rate per unit area
in Btu/(ft¢ « min)

H2A1 - center-center ignition

H2AZ - no piloted ignition

The total heat release is reported
in Btu/ftZ,

HZBI1 - center-center ignition

H2B2 - no piloted ignition

3., Smoke Release Data

H3A -

H3B -

The maximum value of the specific optical

density, Dg, whichis a dimensionless quantity

is reported.
H3A1 - center-center ignition
H3A2 - no piloted ignition

The maximum time rate of change of D
in units of per minute is reported

H3BI1 - center-center ignition

H3B2 - no piloted ignition

4, Time to Flame - minutes

H4A -

H4B -

The time elapsed after the sample is
inserted before ignition occurred for
center-center pilot flame is reported,

Same as above except with no pilot flame.
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5. Time to Self Extinguishment After Ignition - minutes

H5A - The time which elapses between pilcted
ignition at the center of the sample aad self
extinguishment is reported.

H5B - The time which elapses between auto
ignition and self extinguishment is reported,

6. Time to Smolder (only exposures with no piloted
ignition) - minutes

H6 - The time which elapses between sample
insertion and the onset of smoldering
monitored visually as a blackening or
darkening of the sample surface is reported.

7. Time to Self Extinguishment After Smoldering Begins
(only exposures with no piloted ignition) - minutes

H7 - The time which elapses between the onset
of smoldering and the end of smoldering,
monitored visually, is reported,

The measurements from the OSU Combustion Analyzer are presented
in Appendix A in Tables A-1 through A-25, The data items are labeled by
the above symbols, In most cases three specimens of each material were
tested, The results of each test and the average value for each data item

measured are presented in the tables,

The Boeing Burnthrough Apparatus was used to measure one tim:
parameter, the time to cease smoldering when the external heat flux is
removed, It was more convenient to use the burnthrough apparatus
rather than the OSU Combustion Analyzer for this data item since the
Combustion Analyzer would have had to be modified for this measurement,

The data was measured as follows,

V10 - A four inch by four inch specimen is subjected

H8 to the heat from a Meeker burner until it begins
to smolder. (The heat flux at the center of the
specimen is approximately 10 W/cm2), The
burner is then extinguished and the time for the
specimen to cease smoldering is monitored
visually and is reported in minutes.
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For vertical specimens this item is symbolized by V10 in Tables A-1

through A-25, For horizontal specimens it is symbolized by H8.

The NBS Smoke Chamber was used to measure CO, HCl, HCN, SOZ’
and HF gas yields at three heat flux levels (2.5, 5.0, and 7.5 W/cmz) for
materials 1, 2, 7, 8, 10, 13, 14, 15, 16, and 17 and also for a sidewall
panel similar to materials 3, 4, 5, 6, and 7. Toxic gases concentrations
were measured at their approximate maximum using colorimetric tubes.
These data along with smoke density data are presented in Tables A-26

through A-28,

The laboratory test data was analyzed to determine values for the various
material characteristics listed in Section 1. This analysis is described in the

next section,
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SECTION 3
ANALYSIS OF THE LABORATORY TEST DATA

The laboratory test data discussed in Section 2 was analyzed to
provide estimates of the material flammability and combustion toxicity
properties for a representative section of a wide-body aircraft cabin, The
manner in which each of the properties of interest were estimated is as

follows,

fh - The average value of V1C was used for the
horizontal flame spread rate for a vertical
specimen. The average value of H1D was used
for a horizontal specimen. Thus, the rate
used is based on flame travel from the center
line of the specimen to the edge. Examination
of the data showed that V1C and H1D exhibited
less variability for a given material and heat
flux than other measures of horizontal flame
spread rate, The rates were converted from
inches per minute to feet per second for use
in the DACFIR Model,

f - The average value of V2A was used for the upward
flame spread rate. Thus, the rate is based on
flame travel from the bottom of the specimen to
halfway to the top. Examination of the data indi-
cated that this estimate of the rate contained the
least variability, The rate was converted from
inches per minute to feet per second for use in
the DACFIR Model,

f - The average value of V3B was used for the down-
ward flame spread rate, The rate is based on
flame travel from the center of the specimen to

the bottom edge. Examination of the data indicated
that this estimate of the rate contained the least
variability, The rate was converted from inches
per minute to feet per second for use in the
DACFIR Model,

t - The average value of V6A was used to estimate the
time to flame for a vertical specimen. The average
value of H4A was used for a horizontal specimen,



fc

pc

pe

sf

Both these values correspond to ignition at the
center of the specimen., The time was converted
from minutes to seconds for use in the DACFIR
Model.

The average value of V7B was used to estimate the
time to become charred due to flaming combustion
for a vertical specimen, The average value of H5A
was used for a horizontal specimen., These values
correspond to ignition at the center of the specimen.
The time was converted from minutes to seconds for
use in the DACFIR Model,

The average value of V8 was used to estimate the
time to smolder for a vertical specimen., The
average value of H6 was used for a horizontal
specimen., The time was converted firom minutes
to seconds for use in the DACFIR Model.

The average values of V9 was used to estimate the
time to become charred due to smoldering for a
vertical specimen., The average value of H7 was
used for a horizontal specimen. The time was
converted from minutes to seconds for use in

the DACFIR Model,

The average value of V10 was used to estimate the
time to cease smoldering once the heat flux has
been reduced for a vertical specimen., The average
value of H8 was used for a horizontal specimen.
The time was converted from minutes to seconds
for use in the DACFIR Model.

The heat release rate per unit area was estimated
by dividing the average value of V4B2 (the total
heat released per unit area) by the average value
of V7B (the time to burn) for a vertical specimen.
The heat release rate per unit area for a horizontal
specimen was found by dividing the average value
of H2B1 by the average value of H5A. The rate
was converted from British thermal units per
square foot per minute to British thermal units

per foot squared per second.

The smoke release rate per unit area for a flaming

condition was found by dividing the average value of
V5B2 (the total smoke released per unit area) by the

28



SS

rt(i)

average value of V7B (the time to burn) for

a vertical specimen, The smoke release

rate per unit area for a flaming condition was
found by dividing the average value of H3A1l by

the average value of H5A for a horizontal
specimen, The smoke release rate was derived

in units of "particles'" per foot squared per second.
The number of ""particles' of smoke generated

per square foot of the specimen is found by dividing
the specific optical density, Dy, by 0.04576. The
derivation of this conversion factor is presented

in Appendix C. One ""particle'" of smoke is de-
fined to be that amount of smoke which if contained
in a volume of one cubic foot would reduce the
transmission of light by 10% over a path length

of one foot,

The smoke release rate per unit area for a smolder-
ing condition was found for a vertical specimen by
dividing V5A3 (the total smoke released per unit area)
by V9 (the time from the onset of smoldering to the
end of smoldering) when a '"no'' is entered for V6B
(the time to flame)., The smoke release rate per
unit area for a smoldering condition was found

for a horizontal specimen by dividing H3AZ2 by H7
when a ""no'" is entered for H4B, The unit of

smoke was converted from specific optical density
to ""particles' per square foot by the above con-
version factor., The rate was converted from per
minute to per second,

For a vertical specimen, the toxic gas release
rate for the ith toxic gas for a flaming condition
was found by dividing the approximate maximum
concentration in the NBS Smoke Chamber by V7B
(the time to burn). For a horizontal specimen,
the toxic gas release rate for the ith toxic gas for
a flaming condition was found by dividing the
approximate maximum concentration in the NBS
Smoke Chamber by H5A, Data was available on
five toxic gases (HCN, HCl, HF, CO, and SO,).
The amount in pounds released per unit area
was found by the equation

i p
R'(1bs/ft") = 1.01805 X 10” °C (ppm) W
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where C is the concentration in parts per million
(ppm) and WG is the molecular weight of the gas

(WC = 27 for HCN, 36.5 for HC1, 20 for HF, 28
1

for CO, and 64 for SO2). R' was divided by the
time to burn (V7B or H5A) to provide the rate in
pounds per square foot per second. The derivation
of the above relationship is shown in Appendix D.

rs( i) - No data was generated for the release rates
per unit area of toxic gases during the
smoldering cond:.tion,

The abcve calculations were performed for each material and each
heat flux for which data were reported. The resulting values for each
material are presented in Appendix B in Tables B.1 through B.22., When
laboratory test data was recorded for more than one specimen of a given
material, the mean value and the upper and lower limits were determined
for the flammability property. These values are presented in the Tables

in Appendix B.

There was insufficient data to fully define some of the flammability
properties as a function of heat flux. Therefore, interpolation, extrapolation,
and estimation was needed to generate some of the materials data needed
for input into the DACFIR Model, The development of these tables and

curves of the various properties as a function of heat flux are presented

in the next section,
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SECTION 4

MATERIAL PROPERTIES INPUT DATA
FOR THE DAYTON AIRCRAFT CABIN FIRE MODEL

The purpose of the laboratory test program was to provide repre-
sentative input data to the DACFIR Model. These data are of two types:
pProperties associated with a flaming combustion state and properties asso-
ciated with a smoldering combustion state. The flaming state properties
vary with incident heat flux, whereas the smoldering state properties cor-
respond to a particular heat flux level which is associated with the smoldering

condition,

Representative material properties data was derived by examining
the data discussed in Section 3. The DACFIR Model requires data for seven

interior structures.

l. Carpet

2. Sidewall Panel

3. Window Reveal and Transparency
4. Passenger Service Unit (PSU)

5. Stowage Bin

6. Ceiling Panel

7. Seat Upholstery and Padding

The flaming state properties for which data was needed are flame spread
rates (fh, fu, and fd); smoke release rate per unit area (rsf); heat release
rate per unit area (rh); toxic gas release rates per unit area [rf(HCN),
r{HCY), r[s0,), r(HF), and rf(CO)]; the time of flame (t); and the time
to become charred from flaming combustion (tfc). Tables 4,1 through 4,12
present the data generated for each of these parameters as a function of
heat flux for each of the seven interior structures listed above, (It should
be noted that the DACFIR Model will handle nine toxic gases; however,

- 2

measurements were made only for HCN, HCl, HF, CO, and 50O,.) The
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TABLE 4.1

INPUT DATA FOR DACFIR MODEL
HORIZONTAL FLAME SPREAD RATE (fy -ft/sec)
AS A FUNCTION OF HEAT FLUX [q-Btu/(ft . sec)]

Interior Table Entrv Number
Structure Variable 1 2 3 4 5 6
q 0.30 1.23 1.94 2.82 3.96 4, 30
t
Carpe £ 0.0  0.0170 0,0464 0.1390 0.4170 0,5000
q 0.00 L.00 2. 20 3.08 4. 00 5. 00
' 11
Sidewa £ 0.0 0.0 0.0093 0.0181 0.0275 0.0380
. 1.00 2.20 .08 4. 41 4. 60 5.00
Window 9 2 3
Reveal &
Transparency £ 0.0  0.0020 0.0042 0.0083 0.0094 0.0120
q 1.32  2.20 3.08 4. 41 4. 60 5.00
Passenger
Service
Unit £ 0.0 0.0018 0.0034 0.0075 0.0086 0.0110
_ q 0.00 1.32 2.82 3,08 4. 00 5. 00
Stowage Bin
£ 0.0 0.0 0.0155 0.0181 0.0275 0.0380
N q 0.00 1.00 1.94 2.82 3,96 4,20
Ceiling
£ 0.0 0.0 0.0106 0.0213 0.0415 0,0450
q 0.50 1.23 1.94 3,50 4.00 5. 00
Seats
f 0.0 0.0040 0,0115 0.0660 0.0970 0.1700
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TABLE 4.2

INPUT DATA FOR DACFIR MODEL
VERTICALLY UPWARD FLAME SPREAD RATE (f -ft/sec)

AS A FUNCTION OF HEAT FLUX [qg-Btu/(£t2 - ‘sec)]
Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
Carpet 4 Not Used in a Vert?.cal Orientation
£
u
0. . ) ; )
Sidewall aQ 40 1. 00 2.20 3.08 3. 50 4,00
£ 0.0 0.0 0.0192 0.0300 0.0350 0.0410
_ 0.0 1. 00 2.00 08 4,41 5. 00
Window 4 0 2 7
Reveal &
Transparency £ 0.0 0.0 0.0030 0.0065 0.0133 0.0175
q 0.00  1.32 2.20 3.08 4,41 5.00
Passenger
Service
Unit £ 0.0 0.0 0.0035 0.0044 0.0113 0.0150
Stowage Bin q 0.0 1.00 2.20 3.08 3, 50 4.00
(sidewall & 0.0 0.0 0.0192  0.0300 0.0350 0.0410
values used) --- et I D
Ceiling 1
° Not Used in a Vertical Orientation
£
s
q 0.50 1.23 1.94 3,00 3,96 5.00
Seats
(1.5xf; used) £ 0.0 0.0060 0.0173  0.0450 0,0834 0,1500
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TABLE 4.3

INPUT DATA FOR DACFIR MODEL
VERTICALLY DOWNWARD FLAME SPREAD RATE (fg-ft/sec)

AS A FUNCTION OF HEAT FLUX [q-Btu/(ft® « sec)]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6

q
Carpet Not Used in a Vertical Orientation

fd

q 0.00 1.00 2.20 3.08 3.50 4,00
Sidewall

fd 0.0 0.0 0.0078 0.0187 0.0240 0.0305
Window q 0.00 1.00 2.20 3.08 4,41 5.00
Reveal & .
Transparency fd 0.0 0.0 0.0016 0,0038 0,0083 0,0011
Passenger q 0.00 1.32 2,20 3.08 4,41 5.00
Service
Unit iy 0.0 0.0 0.0014 0.0034 0.0075 0,0097

.00 i . i : i
Stowage Bin q 0.0 1.00 2.20 3.08 3, 50 4,00
(sidewall £ - 0.0 0.0 0.0078 0.0187 0.0240 0.0305
values used) d --- T e I L
Ceili q
eiling Not Used in a Vertical Orientation

fd

q 0.50 1.23 1.94 3,00 32,96 5.00
Seats
0. 83
(0. 8xf, used) £ 0.0 0.0032 0.0092 0.0240 0.0445 0.0800

34



TABLE 4.4

INPUT DATA FOR DACFIR MODEL
TIME TO FLAME (t.-sec)

AS A FUNCTION OF HEAT FLUX [q—Btu/(ftz' sec)]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
Carpet q 0,00 1.00 2,00 3.00 4,00 50,00
{estimated
from t ) 1:f 9000. 00 10,00 5.00 2.00 1,00 0,00
L A LT IizX ctas ZEZX o B
0.00 0.50 2.20 3.0 6.00 50,00
Sidewall 1 . >
tf 9000, 00 5,00 1.92 1, 44 0.50 0.00
Window q 0.00 1,00 2.20 3,08 4,41 50. 00
Reveal &
Transparency tf 9000. 00 50. 00 21.60 l0.8 2,40 0.09
(reveal values
used)
Passenger q 0. 00 1.00 2.2.0 3. 08 4. 4] 50. 00
Service
Unit b 9000.00 50.00 21.60 10,80  2.40 0,00
q 0.00 1,00 1.94 2,82 5.00 50,00
Stowage Bin
(sidewall t. - [9000.00 10, 00 2.40 1.20 0.10 0.00
values used) | + ~ fmm==mmm=  mmmmT Tt T
q 0.00 0.50 2.20 3,08 6,00 50,00
Ceiling
tf 9000, 0 5,00 1.92 1.44 0.50 0.00
q 0.00 1.00 2.20 4,00 8.00 50. 00
Seats
t 9000, 00 10.0 4,00 1.00 0.50 0.00

-
I jrmemea- - ———— - -———-
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TIME TO CHAR FROM THE FLAMING STATE (t

TABLE 4.5

INPUT DATA FOR DACFIR MODEL

-sec)

AS A FUNCTION OF HEAT FLUX [q-Btu/(ft%-sec)]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
q 0.00 1.00 1,94 2,82 5.00 50. 00
Carpet .
tfc 9000.0 930.0 632,00 326,00 60_.00 10,00
. q 0.00 1.00 2,20 3.08 4,41 50.00
Sidewall
tfc 9000.0 75.0 51.36 42,36 29,40 5.00
Window
Transparency
(used reveal tfc 9000.0 2_59._9 525,00 395,00 265,00 }§_99
%?ia) times
q 0.00 1.00 2,00 3.00 4, 41 50,00
Passenger
Service t 9000,0 1000,00 700,00 550,00 355,20 20,00
Unit S e
Stowage Bin q 0.00 1.00 2,20 3.08 4,41 50.00
(used side-
wall values tf . 19000.0 225,00 153,00 128.40 87,00 15,00
times 3) S
q 0.00 1.00 2.20 3,08 4,41 50. 00
Ceiling
(sidewall t 9000, 0 75,0 51. §§J 4_2__3_61 29. 40 5.00
values used) fc
Seats q 0.00  1.23 1.94  2.82  4.41 50,00
tic 9000,0 720,0  720.0  720.0 720.0 150,00
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AS A FUNCTION OF HEAT FLUX [q-Btu/(ft2- sec)]

TABLE 4.6

rd

INPUT DATA FOR DACFIR MODEL
HEAT RELEASE RATE PER UNIT AREA [rh— Btu/(ft - sec)]

Interior Table Entry Number
Structure Variable 1 2 3 - 3 6
q 0.00 0. 40 1.94 2. 82 5.00 6.00
Carpet
T 0.0 0.0 "3.33 7.08 10,00 10.40
q 0.00 0. 50 2,20 3.08 4.50 5.00
Sidewall
Ty 0.0 0.0 2. 75 4,42 6.00 6. 30
Window q 0.00 0.40 2.20 4,41 5.00 6. 00
Reveal &
Transparency
(transparency] Ty 0.0 0.0 7.67 11,61 11.61 11,61
data used) - T
Passenger q 0.00 0.40 2.20 4,41 5. 00 6.00
Service Unit
(used window
transparency Ty 0.0 0.0 7.67 11.61 11,61 11,61
data) T R
Ol . L] L] 4 -. -
Stowage Bin q 00 0.40 2.82 4,40 5.00 6.00
T, 0.0 0.0 5.43 8.00 8. 45 9.00
q 0. 20 0. 40 1,23 1.94 2.60 3,90
Ceiling .
h 0.0 0. 30 2.78 6.3l 8.10  9.95
Seats q 0.0 0. 20 1.23 1.94 4,00 5.00
ry 0.0 0.0 2,03 2. 59 3.20 3.20
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TABLE 4.7

INPUT DATA FOR DACFIR MODEL
SMOKE RELEASE RATE PER UNIT AREA IN THE FLAMING STATE
[r -part/(£? - sec)] AS A FUNCTION OF HEAT FLUX [q- Btu/(£t% + sec)]

interior Table Entry Number
Structure Variable 1 2 3 4 5 6
q 0. 00 0. 40 1.94 2.82 4,00 5.00
Carpet
rSf 0.0 1.00 18.18 35, 60 45, 00 47,50
) q 0. 00 0. 50 2.20 3,08 4,00 5, 00
Sidewall
rsf 0.0 0.0 23.15 59. 23 90. 00 ?E_%._OO
q 0, 00 0. 40 2. 20 4,41 5.00 6. 00
Window
Reveal &
Tran n
ransparency r 0.0 0.0  37.29 55.00 55.00 55.00
q 0.00 0, 40 2.20 4,41 5.00 6,00
Passenger
Service
Urnit
o 0.0 0.0 37.29 70.00 73,00 77,50
q 0.00 0. 50 2.20 3.08 4,00 5,00
Stowzge Bin
(used side- r s 0.0 0.0 23.15 59. 23 90._(_)(_] 98. 00
wall values)
q 0. 20 0. 40 1.23 1.63 1,94 2. 80
Ceiling
T 0.0 5.00 46, 74 73.00 83. 85 99. 00
5 --— —-—— e e - e -
q 0.20 1.23 1.94 2.82 3.96 5. 00
Seats
T £ 0.0 10, 25 17.06 17. 89 7. 09 7.09
5 - _————
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[r {HCN)-1b x 10-6/(£t2 . sec)] AS A FUNCTION OF HEAT FLUX

TABLE 4.8

INPUT DATA FOR DACFIR MODEL
RELEASE RATE PER UNIT AREA OF HCN IN THE FLAMING STATE

[g-Btu/(ft2 . sec)]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
q 0.00 0. 40 2.20 3.18 4,41 6. 61
Carpet
l'f(HCN) 0.0 0.0 3.9 5.6 6.2 5. 6
) q 0. 00 0. 50 2,20 4,41 5. 70 6. 61
Sidewall
r (HCN) 0.0 0.0 0.5 1.8 4,6 8.7
q 0.00 1,00 2. 20 4, 41 6. 00 6. 61
Window
Reveal &
Transparency
T (HCN) 0.0 0.0 0.0 0.0 0.1 0.2
q 0.00 1.00 2.20 4,41 5. 40 6.61
Passenger
Service
Unit
rf{HCN) 0.0 0.0 0.0 0.1 0.1 0.0
0.0 R " s - '
Stowage Bin q 0 0. 50 2.20 4,41 5. 56 6, 61
rf(HCN} 0.0 (_)_(_) 0.1 0.6 1.4 2.9
. q 0,00 0.20 2.20 3.20 4,41 6. 61
Ceiling
r (HCN) 0.0 0.0 1.0 3.0 8.3 18.4
. 0 O- . *
Seats q 0.00 20 2. 20 2.8 4,41 6. 61
r (HCN 50 0.0 3.7 3.9 3.4 1.7
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TABLE 4.9

INPUT DATA FOR DACFIR MODEL
RELEASE RATE PER UNIT AREA OF HC!l IN THE FLAMING STATE
[rf(HCI)-lb x 10-6/(ft2 . sec)] ASA FUNCTION OF HEAT FLUX
[q- Btu/(ft2 . sec) ]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
q 0. 00 2,20 3.50 4,41 5.06 6, 61
Carpet _
rf(HCl.) 0.0 8.5 30.C 40, 4 30.0 0.0
q 0.00 0.50 2.20 3.10 4,41 6.61
Sidewall
rf{HCl) 0.0 0.0 25.2 34,0 35.3 0.0
) q 0. 00 0. 40 2.20 3.30 4,41 6. 61
Window
Reveal &
Transparency rf(HCl) 0.0 0.0 3.7 E_?.._5 9.8 0.0
q 0. 00 0. 40 2.20 3. 30 4,41 6. 61
Passenger
Service
Unit
T (HC) 0.0 0.0 1.1 1.8 2.0 0.0
. q 0.00 0. 40 2.20 3,00 4,41 6, 61
Stowage Bin
C
r(HCY 0.0 0.0 8.4 11.0  11.9 5.0
. q 0.20 2.20 3. 60 4,4" 4,90 6. 61
Ceiling
rf(I—ICl) 0.0 13.0 28.5 31.5 28.0 3.9
q 0.00 0.20 2. 20 3,10 4,41 6. 61
Seats
rf(I—ICl) 0.0 9_9 5.1 10,0 11,7 0.0
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RELEASE RATE PER UNIT AREA OF HF IN THE FLAMING STATE
[r{HF)-1b x 10-6/({t® . sec)] AS A FUNCTION OF HEAT FLUX

TABLE 4.10

INPUT DATA FOR DACFIR MODEL

[q-Btu/( ft2 + sec)]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
q 0. 00 1.00 2,20 4,41 5.00 6. 61
Carpet _
rf(HF) 0.0 0.0 0.0 0.0 0.0 0.0
q 0. 50 2,20 3.20 4,41 5. 60 6. 61
Sidewall
rf{HF) 0.0 63.2 80,0 82.8 E@_? 9.3
Window q 0.00 1.50 2,20 4,41 5.00 6. 61
Reveal &
fransparency| . (HF) 0.0 0.0 2.0 0.0 0.0 0.0
q 0.0 1.50 2,20 4,41 5. 00 6. 61
Passenger
Service
Unit
r (HF) 0.0 0.0 1.5 0.0 0.0 0.0
) q 0.50 2.20 3. 30 4,41 5. 60 6. 61
Stowage Bin
' rf(HF) 0.0 21,2 27.0 28.0 20.0 3.1
. q 0. 20 2.20 3.90 4,41 5,00 6. 61
Ceiling
rf(I—IF) 0.0 31.6 195.0 207.1 175.0 5.7
q 0.00 1.00 2.20 4,41 5.00 6. 61
Seats
rf(HF) 0.0 0.0 0.0 0.0 0.0 0.0
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[r{CO)-1b x 10-6/( £t . sec)] AS A FUNCTION OF HEAT FLUX

TABLE 4.11

INPUT DATA FOR DACFIR MODEL
RELEASE RATE PER UNIT AREA OF CO IN THE FLAMING STATE

[q-Btu/(ft2 « sec)]

Interior Table Entry Number
Structure Variable 1 2 3 4 5 6
q 0. 50 2,20 3.70 4,41 5.00 6. 61
Carpet
rf(CO) 0.0 24, 6 200.0 259.0 270.0 244.8
q 0. 50 2.20 3.30 4,41 5.00 6. 61
Sidewall
rf(CO) 0.0 208.0 170.0 92.0 150.0 631.6
. 0. 40 .20 . 5. 40 .61
Window q 2.2 3.70 4,41 5.4 6. 6
Reveal &
Transparency r(CO) 0.0 87.2  240.0  268.8 290.0 281.8
q 0. 40 2.20 3. 40 4,41 5.20 6, 61
Passenger
Service
Unit r (CO) 0.0 0.0 70.0 160.4 180.0 168,1
. q 0. 50 2. 20 3.00 4,41 4,90 6. 61
Stowage Bin
r (CO) 0.0 69.8 65,0 31.1 50.0  213.2
- q 0.20 2.20 3. 84 4,41 5, 32 6. 61
Ceiling
rf(CO) 0.0 305. 1 800.0 872.4 800.0 505.3
q 0.20 2.20 3,40 4,41 5.40 6. 61
Seats
r (CO) 0.0 78.7 103.0 105 110,0 151,8
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TABLE 4.12

INPUT DATA FOR DACFIR MODEL
RELEASE RATE PER UNIT AREA OF SOz IN THE FLAMING STATE
[rdSO;)-1b x 10-6/(£t2 . sec)] AS A FUNCTION OF HEAT FLUX
[q—Btu/(f!:2 . sec)]

Interior Table Entry Number
Structure Variable 1 2 3 - 5 6
q 0. 00 2.20 3.50 4,41 5.30 6,61
Carpet
rf(SOZ) 0.0 31,2 90.0 118, 3 100.0 67.1
) q 0.00 1.00 2.00 3.00 4,00 5.00
Sidewall
rf(SOZ) 0.0 0.0 0.0 0.0 0.0 0.0
q 0.00 1.00 2.00 3,00 4,00 5.00
Window
Reveal &
Iransparencyl r(s0,) 0.0 0.0 0.0 0.0 0.0 0.0
Passenger q 0.00 1,00 2.00 3.00 4,00 5.00
Service
Unit r {SO,) 0.0 0.0 0.0 0.0 0.0 0.0
. q 0.00 1,00 2.00 3.00 4.00 5.00
Stowage Bin
rf(SOZ) 0.0 0.0 0.0 0.0 0.0 0.0
. q 0.00 1.00  2.00 3.00 4.00 5.00
Ceiling
r{502) 0.0 0.0 0.0 0.0 0.0 0.0
q 0.00 1.00 2.00 3.00 4.00 5.00
Seats
rf( SO,) 0.0 0.0 0.0 0.0 0.0 0.0
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smoldering state properties for which data was needed include the heat

flux (q ) at which smoldering is induced within a few seconds (less than

20 secgnds); smoke release rate per unit area (rss); toxic gas release
rates per unit area [rS(HCN), rS(HCl}, rS(HF), rS(SOZ), and rS(COZ)];
time to begin smoldering (t ); and time to become charred from smoldering
{tpc). Values for each of t}?ese parameters are presented in Table 4,13

for the seven interior structures listed above. In the DACFIR Model,

the time to cease smoldering (tpe) when the heat flux is reduced below

q_ is assumed to be a function of the reduced heat flux level, However, the
vzriation of tpe with heat flux could not be dete rmined from the laboratory
test data since the heat flux was always reduced to zero rather than some
intermediate value between zero and qp. The value of tpe corresponding

to a reduction of the heat flux to zero is shown in Table 4,13,

The data in Tables 4,1 through 4, 13 was derived based on the laboratory

test data for the following materials:

Carpet - Material No. 1

Sidewall Panel - Average Values for Material Nos. 3, 4,
5, 6, and 7

Window Reveal and Transparency - Average Values for
Material Nos, 8 (Vertical Specimen) and 10

Passenger Service Unit - Material No, 8
Stowage Bin - Material No. 11

Ceiling Panel - Material No., 12

Seat Upholstery and Padding - Material No, 15

These materials were selected because there were more significant data for
these than others within the same group. Data from the five sidewall panels
was averaged since the panels were the same except for the coloring. The
window reveal and window transparency data were averaged and treated on

one material,
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The data in Tables 4.1 through 4,13 were derived by plotting the
corresponding data in Appendix B and extrapolating and/or interpolating to pro-
vide data over the range of heat fluxes that might be encountered. The tables
were derived with the knowledge that the DACFIR Model treats the data in

the following manner,

1. 1If the value of a material property is required by the
program at a heat flux which lies between two entries in
the table, linear interpolation is used to determine the
value of the material property,

2. 1If the value of a material property is required by the
program at a heat flux below at the lowest heat flux in the
table, the value of the property corresponding to the
lowest heat flux entry is used,

3. If the value of a material property is required by the
program at a heat flux greater than the highest heat flux
in the table, linear extrapolation is used to determine the
material property value,

The laboratory tests provided a valuable set of data for generating
input data for the DACFIR Model; however, because the data set was incom-
plete, some of the values in Tables 4,1 through 4,12 are estimations rather
than actual measurements, The values in the tables which are estimates are
underscored with a dashed line. Plots of the data in Tables 4. 1 through 4,12
are presented in Figures 4.1 through 4,12, In these plots, the estimated
points are enclosed by a circle, whereas the measured points are enclosed

by a square. The following notes indicate how some of the estimations

were made,

1., The stowage bin material was not tested in a vertical
orientation. The vertically upward and vertically down-
ward flame spread rates (Tables 4.2 and 4, 3, respectively)
entered for the stowage bin are the same as those derived
for the sidewalls, The sidewall and stowage bin are made
of similar materials,

2. Vertical flame spread rates were not measured for
the seat material. The vertically upward flame spread
rates in Table 4,2 for seats are 1.5 times the horizontal
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Figure 4.1 Horizontal Flame Spread Rate (f,) Versus Heat Flux (q)

(Dashed lines are based on the right-hand scale; solid lines
are based on the left-hand scale)
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flame spread rate for seats (Table 4.1). The vertically
downward flame spread rates in Table 4.2 for seats are
0.8 times the horizontal flame spread rates for seats
(Table 4,1). The multiplicative factors of 1.5 and 0,8
were derived by examining the relationship between
vertical and horizontal flame spread rates for the
sidewalls,

3. No time to ignite (tf) values were measured for the
carpet specimens, The values presented in Table 4. 4
are estimated from the values of time to begin smolder-

i.ng{tp).

4, The values of ty in Table 4, 4 for the window reveal and
transparency strip are those for the window reveal alone.
The transparency data did not exhibit the decrease in t;
with increasing heat flux as is intuitively expected.

5. There was no time to ignite (tf) values measured for
the ceiling panels. The values of t, for ceiling material
appearing in Table 4,4 are the same as those developed
for the sidewall,

6. The values of time to become charred due to flaming
combustion (tg.) in Table 4,5 for the window reveal and
transparency strip are three-fourths of the values for the
window reveal alone. The values measured for the
window transparency are approximately half the window
reveal values, so the factor of three-fourths provides an
average for the two materials.

7. The one value of t{. measured for the stowage bin was
approximately three times the corresponding value for the
sidewall, Therefore, the values of t;. for the stowage bin
in Table 4,5 are three times the values for the sidewall,

8. The measured values of t. for the ceiling panel showed
an increase in ty. with increased heat flux., No other material
exhibited this trend and such a trend does not seem physically
correct. The values of t;. appearing in Table 4.5 for the
ceiling are the same as those developed for the sidewall.,

9. The values of tre measured for seat materials were
measured for the upholstery material backed by one half
inch of foam padding. Three values of approximately
180.0 seconds were measured for three different heat
fluxes, The seats in the aircraft contain four inches of
foam padding. As an approximation, the values of ty  for
seats in Table 4,5 are four times the measured values or
720.0 seconds, 60



10, Only one data point was reported for the heat
release rate per unit area (r,) for the window reveal/
passenger service unit material. Therefore, the
values in Table 4.6 for r}, for the window reveal and
transparency strip are those corresponding to the
window transparency. These values are also used
for the passenger service unit in Table 4, 6,

11, No values of smoke release rate per unit area

for flarming combustion (rsf) were measured for the
stowage bin material. The values presented in Table
4.7 for the stowage bin are the same as those developed
for the sidewall,

12, The toxic gas release rates per unit area in

Tables 4,8 through 4,12 were developed by dividing

the approximate maximum concentration of the gas

in the NBS Smoke Chamber test for a given heat flux

by the value of t;. from Figure 4.5 at that heat flux.

The NBS Smoke Chamber data is presented in Tables

A-26 through A-28 of Appendix A,

The data in Table 4,13 was derived by examining the data in the
tables in Appendix B. The heat flux at which smoldering occurs (q ) was
P

selected as the heat flux at which the material would begin smoldering within
20 seconds or less from the time of exposure, Other values in the table
were selected based on this value of qp. In some cases, estimations were
made to complete the data set when insufficient data was available in
Appendix B, The toxic gas release rates in Table 4.13 were derived by

assuming that the rates in the smoldering state are approximately one

tenth of the rates in the flaming state,
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SECTION 5
CONCLUSIONS

The laboratory test measurements of material flammability properties
provided a data base from which an input data set was obtained to demonstrate
the performance of the DACFIR Model. The measurements also served to
define the flammability behavior of selected aircraft interior materials as
a function of applied radiation. The following conclusions are drawn from

the laboratory test program,

1. Even though a thorough error analysis was not
performed to determine the accuracy of the OSU
Combustion Analyzer, this device appeared to yield
reasonably consistent results for the various measure-
ments that were made, This can be inferred from the
data in the tables in Appendix A for repeated measure-
ments and from the upper and lower limits and confi-
dence limits presented in the tables in Appendix B,

2, The flamme spread rates determined by visually
timing the spread of flames over a part of the specimen
surface vary as a function of the distance of flame
trave!, This can be seen by comparing the various
measurements of V1 for a given specimen, the various
measurements of V2, the various measurements of V3,
and the various measurements of Hl,

3. Even though the ceiling panels, sidewall panels, and
stowage bin materials are similar in construction, the
flammability properties for these materials are in some
cases very different, This is particularly noticeable

with the release rates per unit area as shown in Figures 4, 6
through 4.12,

4, The toxic gas release rates per unit area for several
materials and several gases reach a maximum between
two and five Bl:!.)./(ft2 * sec) and then decrease for higher
heat fluxes. This effect can be seen clearly in Figures
4,8 through 4,12,

5. The data reported from the laboratory test program
was incomplete and, therefore, many of the values in
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Tables 4,1 through 4.13 are estimates derived to
complete the input data set for the DACFIR Model,
In light of this, the data in these tables and in
Figures 4,1 through 4,12 should not be considered
to be precise and final determinations of the
flammability properties of the corresponding air-
craft interior materials,

The laboratory test program described in this report represents
the first time to the author's knowledge that a comprehensive set of
flammability and combustion toxicity properties has been measured for
aircraft interior materials for the purpose of predicting the behavior of
the materials in a full-scale cabin fire. While the results of this effort
to characterize the material's fire danger characteristics in an overall
fashion are encouraging, further work in this area is needed. Both the
test methods and data analysis technique can be improved with
experience, Accurate laboratory measurements of a complete set of
material properties are necessary in order to adequately predict the

conditions which can occur in an aircraft cabin due to fire,

64



APPENDIX A
LABORATORY TEST DATA

The data presented in Tables A-1 through A-28 are measurements
taken from laboratory tests on the flammability properties of representative
wide-body passenger aircraft interior materials., The tables contain
data for eighteen materials tested in a vertical position, a horizontal
position, or in both positions. The tables for horizontal specimens
contain nineteen variables; the tables for vertical specimens contain
thirty-one variables, The specific definition of each variable and the
manner in which each was measured are presented in Section 2 of this
report, Briefly, the variables are defined as follows:

V1A through V1F are various measures of the

horizontal flame spread rate for a vertical
specimen,

VZA through V2D are various measures of the
vertically upward flame spread rate for a vertical
specimen,

V3A and V3B are measures of the vertically down-
ward flame spread rate for a vertical specimen,

V4A1l through V4B3 are smoke release parameters
for a vertical specimen.

V5A1 through V5B3 are heat release parameters
for a vertical specimen,

V6A and V6B are measures of the time to begin
flaming for a vertical specimen.

V7A, V7B, and V7C are measures of the time
to become charred due to flaming combustion
for a vertical specimen,

V8 is a measure of the time to begin smoldering
for a vertical specimen,

V9 is a measure of the time to become charred
due to smoldering for a vertical specimen.

(op)
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V10 is the time to cease smoldering after the
heat flux has been removed for a vertical specimen.

H1A through HID are various measures of the
horizontal flame spread rate on a horizontal
specimen.

HZ2A1 through H2BZ2 are smoke release paramters
for a horizontal specimen.

H3A1l through H3B2 are heat release parameters for
a horizontal specimen,

H4A and H4B are measures of the time to begin
flaming for a horizontal specimen.

H5A and H5B are measures of the time to become
charred due to flaming combustion for a horizontal
specimen,

H6 is a measure of the time to begin smoldering
for a horizontal specimen,

H7 is 2 measure of the time to become charred
due to smoldering for a horizontal specimen.

H8 is the time to cease smoldering after the heat

flux has been removed for a horizontal specimen.
An entry of "no'" in the tables for variables V1A, V1B, V1C, V1D, VI1E,
V1F, V2A, V2B, V2C, V2D, V3A, V3B, HIA, H1B, HIC, or H1D indicates
that the flames did not spread when the specimen was contacted by a pilot
flame under the heat flux condition corresponding to the entry. An entry
of "no'" for V6B, V7A, V7B, V7C, H4A, H4B, or H5B indicates that the
material did not begin flaming under the conditions defined by the
variable and the heat flux corresponding to the entry, An entry of '"'no"
for V8, V9, Hé6, or H7 indicates that the material did not begin smoldering
under the conditions defined by the variable and the heat flux corresponding
to the entry. Blanks in the tables indicate that no data was reported for

the corresponding variable and heat flux.
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TABLE A-1

LABORATORY TEST MEASUREMENTS - MAT ERIAI, NO. 1
Carpet and Pad (wool, cut and loop)
Horizontal Specimen

Heat Individual Val
Data_ Lvidua alues
T Flux, . Average
ype (W/em”) 1 2 3 4
HIA 1.4 4,80 8.57 6. 69
(in/min) 2.2 24.00 10.91 17,45
HI1B 1.4 5,33 6.15 5.74
(in/min) 2.2 18, 46 11.43 14.95
HIC 1.4 6.38 7.69 7.04
(in/min) 2.2 25,00 17.14 21,07
3.2 120,00 120. 00
4,5 300.00 | 300.00 300, 00
H1D 1.4 0.53 13.95 12.24
(in/min) 2.2 35.29 31.58 33,44
3.2 100. 00 100, 00
4,5 300.00 | 300.00 300, 00
H2A1 1.4 378.1 398, 1 388. 1
[Btu/{ft” + min)] | 2.3 545, 548. 1 546, 8
3.2 1.1 660. 1 677. 4 676.2
4,5 659, ¢ 659. 6




TABLE A-~1 (Continued)

LABORATORY TEST MEASUREMENTS - MAT ERIAL NO. 1
Carpet and Pad

Heat Individual Val
D ividua alues
ata Flux, Average
Type (W/cm") 1 2 3
H2A2 3.2 106. 1 142, 1 124. 1
[Btu/(£t2 - min)] | 4.5 561. 4 561. 4
5.3 603. 6 603. 6
H2B1 1.4 1663.9  |1641.0 1652.5
(Btu/ft?) 2.3 |2134.1 [eo71.2 2102.7
3.2 2231.1 [2374.2 2316. 6 2307.3
4.5 1789.3 1789.3
H2B2 3.2 130. 4 229.8 180. 1
(Btu/£t?) 4.5 |1942.5 1942, 5
5.3 1643, 6 1643, 6
H3A1 1.4 391.7 373.7 82.7
(dimensionless) 2.3 521.7 529.3 525,5
3,2 510. 3 549, 5 539. 3 533.0
4,5 512.4 12. 4
H3A2 3.2 593, 1 440,9 517.0
(dimensionless) 4,5 510, 2 510.2
5.3 465.0 465, 0
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TABLE A-1 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO.1
Carpet and Pad

Heat )
Data Flux Individual Values A
2 verage
Type (W/cm") 1 2 3 4
H3Bl 1.4 117,.9 138.6 128.3
(min-1) 2.3 235, 4 249, 3 242, 4
4,5 440.7 440,7
H3B2 3.2 313,0 325.6 289.7 309. 4
(min-1) 4.5 297.8 297.8
5.3 364, 3 364,23
H4A
(min)
H4B 1.4 no
(min) 2.3 no
3.2 9 9,35 9, 48
4.7 0,17 0,17
H5A 1.4 > 10 >10
(min) 2.3 10.53 10,53
3,2 5,43 5,43




TABLE A-1 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 1
Carpet and Pad

Hsat Individual Val
Data ividua alues
Fluxz Average
Type (W/cm™) 1 2 3
H5B 1.4 no 10
(min) 2,3 no no
3,2 3,38 3,38
H6 1.4 0.50 0. 46 0. 48
(min) 2.3 0.15 0.15
3.2 0.06 0.06 0.06
4.5 0,04 0.04
5.3 0.02 0.02
H7 1.4 > 10 >10
(min) 2.2 9.10 9.10
3.2 no
HS8
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 2

TABLE A-2

Carpet and Pad (wool, loop pile)

Horizontal Specimen

Hpat Individual Val
Data ividua alues
Fluxz Average
Type (W/cm") 1 2 3
H1A 1.4 5.00 3.43 4,21
(in/min) 2,2 6.32 30,00 18.:6
HI1B 1.4 3.16 2.93 3.04
(in/min) 2.2 6. 49 9. 60 8.04
H1C 1.4 3.70 4,11 3.91
(in/min) 2.2 8.82 11.11 9.97
3.2 60,00 42,86 42,86 48,57
HI1D 1.4 5.61 6.12 5.86
(in/min) 2.2 15,79 15.79 15,79
3.2 66. 67 100. 00 75.00 80.56
4,5 120.00 120, 00
H2A1 1.4 517. 553, 3 535, 3
[Btu/(ft~ « min)] | 3.2 885 885. 6
4,5 851.1 752.1 1039, 1 880. 8




LABORATORY TEST MEASUREMENTS - MATERIAL NO, 2

TABLE A-2 (Continued)

Carpet and Pad

Heat
Data Flux Individual Values A
Type M/sz) . 5 3 verage
H3B1 1.4 223,7 229.7 226,7
(min-1) 3.2 527.9 527.9
4,5 624,3 665,9 1033,2 774,5
H3B2 2.3 111.0 111,0
(min-1) 3.2 429.2 472. 2 45C. 7
5.3 447, 0 584, 3 515, 7
H4A
(min)
H4B 1.4 no
(min) 2.3 no
3.2 1.66 1.99 1.83
4,5 0.24 0.16 0.20
5.3 0.06 0,04 0.05
H5A 1.4 >10 >10 >10
(min) 2.3 9.13 8.56 8,84
3.2 6.28 4,17 3.59 4, 68
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 2

TABLE A-2 (Continued)

Carpet and Pad

Heat Individual Val
Data ividua alues
Fl“xz Average
Type W/cm™) 1 2 3
H5B 1.4 Ha
(min) 2.3 no
3,2 6,84 5,61 6,23
4,5 3,37 2,58 2,97
H6 1,4 0. 32 0,32
(min) 2.3 0.15 0,15
3,2 0.08 0.09 0.09
4,5 0,06 0.08 0,07
5.3 0.01 0.03 0,02
H7 1.4 > 10 > 10
(min) 2,2 10, 60 10, 60
3.2 >10 >10
HS8

(min)

~1
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TABLE A-3

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 3
Sidewall Panel (white background, printed letters)
Vertical Specimen

Hes Individual Val
ividua alues
Data Flux Average
Type (W/cm™) 1 2 3 4
V1A 1.5 no
(in/min) 2.5 12.00 17.14 8.00 12, 38
3,5 4,62 6,67 10,91 7,40
V1B 1.5 no
(in/min) 2.5 10,43 10, 43 4.07 8. 31
3.5 7.27 10.00 8.57 8.61
Vi1cC 1.5 no
(in/min) 2.5 8.00 6,92 5,81 6.91
3.5 9, 47 9,73 12. 86 10, 69
V1D 1.5 no
(in/min) 2.5 15,00 9.23 13,33 12,52
3.5 10,91 15,00 24,00 16, 64
VIE 1.5 no
(in/min) 2.5 10.91 10.00 12, 63 11.18
3.5 14,12 16,00 15,06




LABORATORY TEST MEASUREMENTS - MATERIAL NO,

TABLE A-3 (Continued)

Sidewall Panel

3

Heat
Data Flux Individual Values A
Type (W/cmz} 1 2 3 verage
VI1F 1.5 no
(in/min) 2,5 6.00 5.81 5.00 5.60
3.5 13,33 9,73 11.53
VZ2A 1.5 120.00 18,95 69, 47
(in/min) 2.5 21,18 13,85 12, 41 15,81
3.5 21,18 22.50 20,00 21,23
V2B 2.5 15,00 25,71 13,58 18.10
(in/min) 3,5 19. 46 17.56 23.71 20.91
V2C 2.5 25,71 36,00 30.86
(in/min) 3.5 12,86 16, 36 36,00 21,74
V2D 2.5 36.00 36,00 30,00 34,00
(in/min) 3.5 22,50 30,00 45,00 32,50
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 3

TABLE A-3 (Continued)

Sidewall Panel

Heat
Data Flux Individual Values A
Type (W/sz) 1 2 3 verage
V3A 2.5 12,86 10.00 2.61 8. 49
{in/min) 3,5 5,81 7.83 5,45 6,36
V3B 2.5 4.19 5.29 4,74 4,74
(in/min) 3.5 10.5 15.00 10,91 12,17
V4A1l 2.5 303.7 320.7 334, 6 319.7
[Btu/(ft2 . min)] 3.5 440.7 441.2 441, 0
V4A2 2.5 268.5 275.2 283.3 275.7
[(Btu/(ft2 . min)] 3.5 431.1 431.1
5.0 558, 8 558. 8
V4A3 2.5 73.8 95, 4 95,5 88.2
[Btu/({t2 . min)] 5. 558, 8 558. 8

1
-1




LABORATORY TEST MEASUREMENTS - MATERIAL NO, 3

TABLE A-3 (Continued)

Sidewall Panel

Heat

Data Flux Individual Values A
erage
Type (W/cmz) 1 2 3 SESSS
V4Bl 2.5 116,1 132.0 149,11 132.4
(Btu/£t2) 3.5 238.0 180. 3 209.2
V4B2 2.5 122.9 139.9 139.3 134.0
(Btu/ft2) 3.5 163.3 163.3
5.0 437,5 437,5
V4B3 2.5 98. 6 122.7 116,38 112.7
(Btu/ft2) 5.0 437.5 437,5
V5A1 2.5 51.9 47.5 43,5 47.7
(dimensionless) 3.5 87.2 92.0 89.6
V5A2 2.5 62,3 55.8 50.5 56.2
(dimensionless) 3.5 92.7 92.7
5.0 188, 6 188.6
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LABORATORY TEST MEASUREMENTS - MATERIAL NO.

TABLE A-3 (Continued)

Sidewall Panel

3

Heat
Data Flux Individual Values
T 2 Average
ype (W/em ") 1 2 3
VS5SA3 2.5 24.1 21.8 23.2 23.0
(dimensionless) 6.0 2342 234,2
V5B1 2.5 350. 3 184, 6 152.5 229.1
(min-1) 3.5 468. 6 595, 0 531.8
V5B2 2.5 209.5 174.9 175.7 186.7
(min-1) 3.5 655.1 655, 1
5.0 1090, 4 1090. 4
V5B3 2.5 73.2 53,7 60. 8 62.7
(min-1) 6.0 2577.3 2577.3
V6A 1.5 .02 .04 .03
(min) 2.5 .04 .03 .03 .03
3.5 .03 .02 .02 .02

19




TABLE A-3 (Continued)

LABORATORIY TEST MEASUREMENTS - MATERIAL NO, 3
Sidewall Panel

Heat i
Data Flux Individual Values A
2 verage
Type (W/cm") 1 2 3 4
V6B 1.5 no
(min) 2.5 no
3.5 no
5.0 .21 22 .18 .20
VT1A 1.5 no
(min) 2.5 1.01 .91 .90 .94
3.5 1.02 .99 1,19 1,07
ViB 1.5 no
(min) 2.5 1.01 .91 .90 .94
3.5 . 62 .50 58 57
VvViC 1.5 no
(min) 2.5 no
3.5 no
5.0 68 32 32 44
V8 2.5 .32 .29 .28 30
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO.

TABLE A-3 (Continued)

3
Sidewall Panel
D Heat Individual Val
ata ividua alues
T Fluxz Average
ype W/cm ) 1 2 3 4
V9 2.5 .98 1,17 .98 1,04
(min)
V1o .19 .26 .18 22 21
(min)
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TABLE A-4

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 4
Sidewall Panel (yellow with geometric figure)
Vertical Specimen

Heat
Data Flux Individual Values
2 Average
Type (W/cm”®) 1 2 3 4
V1A 1.5 no
(in/min) 2.5 13.33 13.33 10. 00 12,22
3.5 8.57 5.71 6,67 6.98
V1B 1.5 no
(in/min) 2.5 6,32 8,57 9.23 8.04
3.5 ' 8.00 8.00
V1C 1.5 no
(in/min) 2.5 7.50 6.92 8,00 7,47
3.5 12,86 9. 47 12, 41 11.58
V1D 1.5 no
(in/min) 2.5 12,00 12,00 12,00
3.5 9,23 15.00 12.00 12.08
V1E 1.5 no
(in/min) 2.5 6.32 8.28 10,00 8.20
3.5 14,12 13,33 12,00 13,15
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TABLE A-4 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NOQ, 4
Sidewall Panel

Heat Individual Val
Data ividua alues
- Fluxz Average
ype (W/cm") 1 2 3 4
V1F 1.5 1o
(in/min) 2.5 6.79 6.55 6.79 6.71
3.5 16,36 15, 65 12,86 14,96
VZ2A 2.5 22.50 14, 40 12,86 16,59
(in/min) 3.5 17.14 21,18 16,36 18,23
VZB 2.5 16.74 14, 40 24,00 18, 38
(in/min) 3.5 25,71 18.95 21,82 22.16
Va2C 2.5 15,00 13,85 18,00 15, 62
(in/min) 3.5 22,50 18.00 25,71 22,07
V2D 2,5 20,00 18,00 18.95 18.98
(in/min) 3,5 24,00 27. 69 27.69 26, 46
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TABLE A-4 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 4
Sidewall Panel

Heat Individual Val
ividua alues

" F].uxz - Average

Type W/cm") 1 2 3 4
V3A 2.5 3.27 3,67 3. 47
(in/min)
V3B 2.5 6. 32 7.06 6. 43 6. 60
(in/min) 3.5 14. 40 14, 40 15. 65 14, 82
V4A1

[Btu/(ft2 . min)]

V4A2
[Btu/(ft2 . min)]

V4A3
[Btu/(ft2 « min)]

84




TABLE A-4 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 4
Sidewall Panel

Heat Individual Val
lviaua alues
Data Fluxz Average
Type W/cm') 1 2 3 4 :

V4Bl
(Btu/ft2)

V 4B2
(Btu/{t2)

V4B3
(Btu/ft2)

V5A1
(dimensionless)

V5A2

(dimensionless)




LABORATORY TEST MEASUREMENTS - MATERIAL NO. 4

TABLE A-4 (Continued)

Sidewall Panel

Data
Type

Heat
Fluxz
W/cm")

Individual Values

2

3

Average

V5A3

(dimensionless)

V5B1
(min-1)

V5B2
(min-1)

V5B3
(min"l)

V6A
(min)

U

.02
.03

'02
.02

.02
.02
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 4

TABLE A-4 (Continued)

Sidewall Panel

D Heat Individual Val
ata ividua alues
Fluxz Average
Type (W/cm") 1 2 3
V6B 1.5 no
{min) 2.5 no
3.5 no
V7TA 1.5 no
(min) 2.5 .76 77 77 .76
3.5 . 48 .52 . 49 . 50
V1B 1.5 no
(min) 2.5 .88 . 80 74 .81
3.5 1,37 .61 .58 . 85
V7C 1.5 no
(min) 2,5 no
3.5 no
V8 2.5 .22 .21 .23 L 22
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 4

TABLE A-4 (Continued)

Sidewall Panel

Heat
Data Flux Individual Values A
Type (W/cmz) 1 > 3 verage
V9 2.5 1.12 1,01 .98 1.04
(min)
V10
(min)
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TABLE A-5

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 5
Sidewall Panel (orange with geometric figure)
Vertical Specimen

Heat Individual Values
ividua
Data Fluxz ' Average
Type (W/cm”) 1 2 3 4
V1A 1.5 no
(in/min) 2.5 3. 64 2.61 3.16 3.13
3.5 17.14 15.00 16,07
V1B 1.5 no
(in/min) 3.5 10,91 13,33 12.00 12,08
ViC 1.5 no
(in/min) 2.5 6. 32 6.10 6.10 6.17
3.5 12, 86 12,86 13,85 13.19
V1D 1.5 no
{(in/min) 2.5 30. 00 8,57 19,29
VIE 1.5 no
(in/min) 2.5 7.50 8.89 8.19




TABLE A-5 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 5
Sidewall Panel

Heat
Data Flux Individual Values
T 2 Average
ype (W/cm®) 1 2 3 4

VI1F 1.5 no no
(in/min) 2.5 6.79 6.55 6,67
V2A 2.5 10.00 11,61 11,25 10.95
(in/min) 3.5 21.18 30.00 27.69 26,29
V2B 2.5 10,75 10.91 15,00 12,22
vz2C 2,5 13.85 10,00 11.92
(in/min)
vaD 2.5 13.33 20,00 16,67
(in/min) '
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TABLE A-5 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 5
Sidewall Panel

| Heat Individual Val
Data ividua alues
F1“""2 ' Average

Type (W/cm") 1 2 3 4
V3A 2.5 3,10 3,53 3,32
(in/min)
V3B 2.5 5.63 5.81 5,72
(in/min)
V4Al 2.5 351.6 317. 4 338.7 335,9
[Btu/(ft2 . min)]| 3.5 398,7 397.7 391, 8 396, 1
V4AZ2 2.5 326.5 352.2 339.4
[Btu/(£t2 . min)]
V4A3
[Btu/(ft2 . min)]
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LABORATORY TEST MEASUREMENTS - MATERIAL NO.

TABLE A-5 (Continued)

Sidewall Panel

-

2

Heat Individual Val
Data ividua alues
° Fluxz Average

Type W/cm") 1 2 3 .
V4B1 2.5 160, 2 143,0 144, 0 146, 1
(Btu/f£t2) 3,5 180. 4 188. 4 164, 3 177.7
V4B2 2.5 150.9 170.0 160, 5
(Btu/ft2)
V4B3
(Btu/ft2)
V5A1l 2.5 75.2 59,6 58. 4 64, 4
(dimensionless} 3.5 G99.3 97.3 87.3 94,6
V5A2 2.5 54,2 61.6 57.9
{dimensionless)




TABLE A-5 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 5
Sidewall Panel

Heat
Data Flux Individual Values A
2 o verage

Type (W/cm”) 1 2 3 4 ®
V5A3
(dimensionless)
V5B1 2.5 311.8 317.4 262.1 297.1
(min-1) 3.5 732.7 604.2 615.9 650.9
V5B2 2.5 174, 2 179.2 176.7
(min-1)
V5B3
(min-1)
VEA 2.5 .04 .04 .04
(min) 3.5 .04 03 04 04
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 5

TABLE A-5 (Continued)

Sidewall Panel

Heat Individual Val
Da ividua alues
- Fluxz Average
Type (W/em") 1 2 3
V6B 1.5 no
(min) 2.5 no
3.5 no
VTA 1.5 no
(min) 2,5 1.31 1.08 1.09 1.16
3.5 1,04 .33 . 48 .95
V7B 2.5 .90 .84 .87
(min)
vViC
(min)
V38
(min)
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TABLE A-5 (Continued)

LABORATORY TEST MEASUREI\/IENTS - MATERIAL NO, 5
Sidewall Panel

Heat
Data Flux Individual Values _
Tvpe 2 ' Average
yp (W/cm™) 1 2 3 4

V9
(min)
V1o
(min)
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TABLE A-6

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 6
Sidewall Panel (blue with geometric figure)
Vertical Specimen

Heat Individual Val
ividua alues
Data Flux, Average
Type (W/cm”™) 1 2 3 4
V1A 1.5 no
(in/min) 2.5 4,80 5.71 4,00 4,84
3.5 12,00 24,00 13,33 16, 44
V1B 1.5 no
(in/min) 2.5 4, 80 4,80
3.5 18. 46 24,00 13,33 18, 60
Vi1C 1.5 no
(in/min) 2.5 7.20 7.06 5.29 6,52
3.5 18.00 16. 36 16,36 16,91
ViD 1.5 no
(in/min) 2.5 30,00 20,00 5.71 18.57
3.5 20.00 24,00 9.23 17,74
VI1E 1.5 no
(in/min) 2.5 5,58 12.00 6,00 7.86
3.5 20,00 12,63 16,00 16,21
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TABLE A-6 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 6
Sidewall Panel

D Heat Individual Val
ata ividua alues
T Fluxz Average
ype W/em”™) 1 2 3 4
VI1F 1.5 no
(in/min) 2.5 6.55 11.61 6.79 8.32
3.5 16,36 15.00 13,33 14,90
V2A 2.5 11.25 7.00 10.91 9,72
(in/min) 3.5 24,00 27.69 25,71 25,80
VZB 2.5 16. 36 12,00 12, 41 13,59
(in/min) 3.5 42, 35 48, 00 45,00 45,12
Va2C 2.5 20.00 18,00 12,86 16.95
(in/min) 3.5 22,50 22.50 25,71 23,57
VveD 2.5 21.18 22,50 20,00 21,23
(in/min) 3.5 20,00 21,18 32.73 24,63
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 6

TABLE A-6 (Continued)

Sidewall Panel

Heat

Data Flux Individual Values i

Type ('W,fcmz) 1 2 3 verage
V3A 2.5 3,67 3. 67 3,67 3,67
(in/min) 3.5 7.83 7.20 7.20 7.41
V3B 2.5 5.81 6,43 6,32 6.18
(in/min) 3.5 15,65 13,85 13.85 14, 45
V4A1l
[Btu/(ft2 . min)]
V4A2Z 3.5 336.7 317. 4 327.1
[Btu/(£t2 . min)]
V4A 3
[Btu/(it¢ . min)]
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TABLE A-6 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 6
Sidewall Panel

Heat
Data Flux Individual Values A
2 verage

Type W/cm™) 1 2 3 4 . g
V4B1
(Btu/£t)
V4B2 2.5 145,0 144, 1 144, 6
(Btu/ft2) 3.5 144.0 144, 1 144, 1
V4B3
(Btu/ft2)
V5A1
(dimensionless)
V5AZ2 2.5 58, 4 60,1 59.3
(dimensionless)




LABORATORY TEST MEASUREMENTS - MATERIAL NO. 6
Sidewall Panel

Heat
Data Fluxz Individual Values
' - | Average

Type (W/cm”) 1 2 3 4 .
V5A3
(dimensionless)
V5B1
(min-1)
V5B2 2.5 262.1 269.9 266,0
(min-1)
V5B3
(min-1)
V6A 2.5 .04 .03 .05 .04
(min) 3.5 .03 .03 .03 .03

100




LABORATORY TEST MEASUREMENTS - MATERIAL NO. 6

TABLE A-6 (Continued)

Sidewall Panel

Heat
Data Flux Individual Values %
2 verage
Type (W/cm") 1 2 3 ¢
V6B 1.5 no
(min) 2.5 no
3.5 no
5.0 .29 L2T .28 .28
V7A 1.5 no
(min) 2.5 1.70 .88 17 1.11
3.5 .78 .66 .12 .12
V7B 1.5 no
(min) 2.5 . 85 .78 .16 . 80
3.5 .54 .58 . 67 .59
viC 1.5 no
(min) 2,5 no
3.5 no
5,0 .63 .57 .28 . 49
V8 2.5 .58 . 30 .29 . 39
(min) 5.0 .09 .08 .09 .09
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TABLE A-6 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 6
Sidewall Panel

Heat
Data Fluxz Individual Values _ A X
verage

Type (W/cm®) 1 5 5 . g
Vg 2.5 .52 1.47 1.70 l. 23
(min)
V1o
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 7
Sidewall Panel (brown with wood grain pattern)

TABLE A-7

Vertical Specimen

Heat Individual Val

Data lvidua alues

T Fluxz Average

ype (W/cm”) 1 2 3 4
V1A 1.5 no
| (in/min) 2.5 9.23 8. 00 8, 62
3.5 5.22 6. 67 8.00 6.63
r
VIiB 1.5 no
(in/min) 2.5 9.23 2,03 5.63
_:: 3.5 10, 43 8.28 9.36
i
i
|
g
{vicC 1.5 no
| (in/min) 2.5 7.06 5,81 6. 43
§ 3.5 11.25 12, 41 14. 40 12. 69
:
| V1D 1.5 no
' (in/min) 2,5 24,00 7.50 5.71 12,40
!';: 3.5 12,00 10,00 10.91 10.97
L
|
| VIE 1.5 no
! (in/min) 2.5 5.85 6.86 7.74 6.82
i 3.5 11,43 13,33 9.23 11.33
i
f
{
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TABLE A-7 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 7
Sidewall Panel

Heat
Data Flux Individual Values
2 Average
Type W/cm") 1 2 3 4 g
VIF 1.5 no
(in/min) 2.5 6.32 7.06 7.06 6.81
3.5 13,33 12, 41 12,00 12,58
5,0 90,00 90,00 90.00
V2A 2,5 18.95 12,00 15. 47
(in/min) 3.5 15,65 15.65 18,00 16, 43
V2B 2.5 20,57 12,86 16.71
(in/min) 3.5 22,50 24,83 26, 67 24,66
VZ2C 2.5 22.50 25,71 15,00 21,07
(in/mln) 3.5 25,71 30,00 22.50 26,07
va2D 2.5 13,33 32,73 25.71 23,62
(ln/min) 3.5 25,71 24,00 22,50 24,07
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TABLE A-7 (Continued)
LABORATORY TEST MEASUREMENTS - MATERIAL NO, 7

Sidewall Panel

Heat
Data Flux Individual Values A
Type (w/cmz) . 5 3 verage
V3A 2.5 2.86 2.95 3.05 2.95
(in/min) 3.5 6.43 6.00 6.21
V3B 2.5 5.63 4,74 3.96 4,77
(in/min) 3.5 12, 41 11.61 12,86 12.29
V4A1l 2.5 299.0 341.0 308.0 316.0
[Btu/(ft2 . min)]| 3.5 442.5 483. 4 390.2 438.7
V4A2 2.5 260, 4 246,2 256.,2 254,3
[Btu/(£t2 . min)] 5.0 485, 2 485, 2
V4A3 2.5 72.5 70.9 72.4 71.9
[Btu/(ft2 . min)] 5.0 404, 5 390, 6 418.6 404, 6
6.0 574, 3 694.9 634, 6




TABLE A-7 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 7
Sidewall Panel

D Heat Individual Val
ata ividua alues
Fluxz Average
Type (W/cm”) 1 2 3 4 :

V4Bl 2.5 127.7 144,7 164.2 145,5
(Btu/£t2) 3.5 182.7 192.5 162.9 179. 4
V4B2 2.5 120.2 138.7 134.5 131.1
(Btu/ft2) 5.0 420,3 420.3
V4B3 2.5 82.2 123, 1 86.1 97.1
(Btu/ft2) 5.0 240.2 166.2 151. 4 185.9

6.0 423.0 108. 4 265,7
V5A1 2.5 57.3 54, 3 52.3 54, 6
(dimensionless) 3.5 124.8 97.1 110.0 110.6
V5A2 2.5 49.3 47.5 42,1 46,3
(dimensionless) 5.0 175.6 175.6
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TABLE A-7 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 7
Sidewall Panel

e Individual Val
Data ividua alues
Flux Average
Type (W/cm") 1 2 3 4
V5A3 2.5 38,2 30. 4 35.8 34,8
(dimensionless) 5.0 99.3 49,02 62,1 70.1
6.0 110.3 102, 7 106.5
V5Bl 2.5 242.0 300, 3 186.5 242.9
(min-1) 3.5 442.,5 483, 4 390.2 438.7
V5B2 2.5 224.0 167. 4 152.5 181.3
(min-1) 5.0 1084, 6 1084, 6
V5B3 2.5 181.1 155. 6 157. 4 164.7
(min-1) 5.0 866.9 648. 5 806. 4 773.9
6.0 877.0 1084, 9 981.0
V6A 2.5 .03 .04 .02 .03
(min) 3.5 .02 .03 .02 .02
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TABLE A-7 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 7
Sidewall Panel

Hoat Individual Val
Data ividua alues
T Fluxz Average
pe W/cm ) 1 2 3 4
V6B 1.5 no
(min) 2.5 no
3.5 , 40 .33 .31 .35
5.0 .08 .06 .07
V7TA 1.5 no
(min) 2.5 .71 .83 LT
3.5 .73 .88 .78 . 80
V7B 1.5 no
(min) 2,5 .83 .88 .86
3.5 .53 . 68 .51 .57
V7C 1.5 no
(min) 2,5 no
3.5 11 .19 .15
V8 2.5 .42 . 40 . 40 .41
(min) 5.0 0 0 0
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TABLE A-7 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 7
Sidewall Panel

Heat
Data Flux Individual Values
Type (W/cmz) 1 2 3 i Average
V9 2.5 1.04 1.36 1.03 1.14
(min)
V1o .29 .19 .26 .19 .23
(min)
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TABLE A-8

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 8
Window Reveal, Passenger Service Unit(0.080 inch thick,
beige polycarbonate)
Vertical Specimen

D Heat Individual Val

ta Lvidua alues

Ta Fluxz Average
ype (W/cm ™) 1 2 3 4

V1A 2.5 . 86 .72 .90 .83

(in/min)

V1B 2.5 1.00 . 89 .98 .96

(in/min)

VicC 2.5 1.06 1.17 1.13 1.12

(in/min)

V1D 2.5 1.28 1,85 1,67 1,60

(in/mln) 3.5 2,03 1.79 T4 1,85

VI1E 2.5 1.18 1,60 1.21 1,33

(in/min) 3.5 1.79 2.07 2,07 1.98
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TABLE A-8 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8
Window Reveal, Passenger Service Unit

Heat
Data Fluxz Individual Values Average
Type (W/cm") 1 2 3 4
VI1F 2.5 1.15 1,72 .98 1.28
(in/min) 3.5 2.54 2.38 2,34 2,42
5.0 5,63 5.14 5.39
VZ2A 1.5 no
(in/min) 2.5 3,56 2,55 3,03 3,05
V2B 1.5 no
(in/min) 2.5 2. 66 2.90 3.30 2.95
Va2C 1.5 no
(in/min) 2.5 2.95 4,86 4,09 3.97
3.5 4,19 3,21 3.53 3,64
V2D 1.5 no
(in/min) 2.5 2,88 2,63 1.97 2.49
3.5 3,05 2.86 3,50 3.14
5.0 10,00 6,21 8.11
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8

TABLE A-8 (Continued)

Window Reveal, Passenger Service Unit

Heat Individual Val
ividua ailues
Data Fluxz Average
Type W/cm™) 1 2 3
V3A 1.5 no
(in/min) 2.5 . 48 1.02 . 42 .64
3.5 1.37 2.07 1.98 1.81
V3B 1.5 no
(in/min) 2.5 .86 1.51 .66 1.01
3.5 2.09 2.50 2.73 2. 44
5.0 5,29 5. 45 5,37
V4A1l 2.5 461.3 284, 3 465.2 403. 6
[Btu/(£t2 . min)]
V4A2 2.5 427.9 483, 7 594, 8 502, 1
[Btu/(£t2 . min)] | 5.0 589. 1 601. 1 595. 1
V4A3 6.0 578. 8 658.2 618.5
[Btu/(ft . rnin)]
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TABLE A-8 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8
Window Reveal, Passenger Service Unit

Heat Individual Val
Data ividua alues
Flux, Average
Type (W/cm™) 1 2 3 4 :
V4Bl 2.5 1928.9 1470.0 2152.5 1850,5
(Btu/ft%)
V4B2 3,5 2087,2 2024,2 2942,8 2351.4
(Btu/{t?) 5.0 1476.9 | 1609.7 1543, 3
V4B3 6.0 1759,5 1800, 2 1779.9
(Btu/ft2)
V5A1 2.5 705.0 514, 3 615,5 611.6
(dimensionless)
V5A2 3.5 887.0 1110, 4 1030.9 1009. 4
(dimensionless) 5.0 1176.0 1204. 1 1190.0
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TABLE A-8 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8
Window Reveal, Passenger Service Unit

Data Individual Values A
a
Type L > 3 verage
V5A3 1005, 1 1556.1 1280, 6
(dimensionless) 1150.,5 1064, 6 1107.6
V5B1 2.5 211.7 148.9 160.0 173.5
(min-1) 5.0 799.5 752, 4 776.0
V5B2 5.0 1955, 7 1691.0 1823.4
(min-1) 6.0 709. 3 722.0 ' 715.7
V5B3
(min-1)
V6A 2.5 .31 .38 . 40 .36
(min) 3.5 .13 .18 .23 .18
5.0 .04 .03 .04
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TABLE A-8 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8
Window Reveal, Passenger Service Unit

Heat
Data Flux Individual Values
Type (W/cmz) . : 2 % Average
V6B 1,5 no
(min) 2.5 no
3.5 no
5.0 1.25 1.01 1.13 1.13
6.0 .50 .50 .50
V7TA 1.5 > 10 > 10 > 10 > 10
(min) 2.5 > 10 > 10 > 10 > 10
3.5 > 10 > 10 > 10 > 10
ViB 1.5 > 10 > 10 > 10 > 10
(min) 2.5 > 10 > 10 > 10 > 10
3.5 > 10 > 10 > 10 > 10
V7C 1.5 no
(min) 2.5 no
3.5 no
5.0 5.65 5.98 6,12 5.92
V8 1.5 no
(min) 2.5 .56 . 39 , 48
3.5 1.83 1.93 1.88 1.88
5.0 .26 .48 .33 .36
6.0 .09 .27 .18
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TABLE A-8 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8
Window Reveal, Passenger Service Unit

Heat
Data Flux Individual Values
Type (W/cmz) . 5 3 4 Average
V9 2.5 4,23 3.94 4,09
{(min)
V10 .02 .02 .03 .02 .02
(min)
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TABLE A-9

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 8
Window Reveal, Passenger Service Unit (0,080 inch thick,
beige polycarbonate)

Horizontal Specimen

Hoat Individual Val
Data ividua alues
T Fluxz Average
ype (W/em") 1 2 3 4
HI1A 1.4 no
(in/min) 2.2 1.01 0.86 0,93
HI1B 1.4 no
(in/min) 2.2 1.15 1.03 1.09
HiC 1.4 no
(in/min) 2.2 0. 86 1.03 0.95
3.2 2.50 4.11 2,97 3,19
5.0 3.53 2.86 3,19
HID 1,4 no
(in/min) 2.2 1.01 0.95 0.98
3.2 3.23 3,17 3.13 3.18
5.0 6.06 4.08 5,07
H2A1 2.3 460, 3 460, 3
[Btu/(ft~ - min)]
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TABLE A-9 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 8
Window Reveal, Passenger Service Unit

Heat Individual Val
Lvidua aiues
Data Flux, Average
Type (W/cm") 1 2 3 4
H2A2 3.2 876.5 855, 0 865, 8
[Btu/(£t2 - min)] | 4.5 453.5 453, 5
5.3 325, 6 325, 6
H2Bl 2.3 1844, 0 1844, 0
(Btu/ft2)
H2B2 3.2 2110.2 | 1912.6 2011, 4
( Btu/£t2) 4.5 947, 3 947.3
5.3 1327.9 1327.9
H3A1 2.3 1281, 6 1281.6
(dimensionless)
H3A2 3,2 474, 3 522.3 . 498, 3
(dimensionless) 4,5 1386, 0 1386.0
5.3 1274.5 1274.5
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 8
Window Reveal, Passenger Service Unit

TABLE A-9 (Continued)

Data Individual Values P
verage
Type 1 2 3 s
H3B1 592.,7 592.7
(min'l)
H3B2 3.2 464, 2 456, 6 460, 4
(min-1) 4,5 887. 6 887.6
5.3 722.4 722.4
H4A 1.4 no
(min) 2.3 no
3.2 9.50 8.08 8.79
4,5 1.13 1.13
H4B
(min)
H5A 2.3 8.55 10, 60 9,58
(min) 3.2 4,37 5.73 5.57 5,22
4,5 5,09 7,69 6.39
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TABLE A-9 ' Continued)

LABORATORY TEST MEASUREMXNTS - MATERIAL NO. 8
Window Reveal, Passenge-~ Service Unit

Heat Individual Val
Data ividua alues
& Fluxz Average
Type (W/cm™) 1 2 3 4
i
| H5B 1.4 no
{min) 2,3 no
3.2 2,65 1.93 2,29
H6 1.4 no
(min) 3.2 1.29 1.29
5.3 0.58 0.58
i 17 1.4 ne
(min) 2.2 > 10 > 10
3.2 no
| 18 0.02 0.02 0.03 0.02 0.02
(min)

120




TABLE A-10

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 9
Window Reveal, Passenger Service Unit (0,040 inch thick,
beige polycarbonate)

Vertical Specimen

Hoat Individual Val
Data ividua alues
T Fluxz Average
ype (W/ecm”) 1 2 3 4
V1A 1.5 no
(in/min) 2,5 0.73 0.86 0.83 0.81
V1B 1.5 no
(in/min) 2.5 0.90 1.24 1.07
Vi1C 1.5 no
{in/min) 2.5 0.98 1,08 1,42 1.16
V1D 1.5 no
(in/min) 2.5 . 40 0.99 1.69 1.36
3.5 1.69 2.86 2,27
VI1E 1.5 no
(in/min) 2.5 .26 1.24 1.68 1.39
3.5 .88 2.70 2.29
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TABLE A-10 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO.9
Window Reveal, Passenger Service Unit

Heat
Data Flux Individual Values A
2 verage
Type (W/cm®) 1 2 3 4 &
VI1F 1.5 no
(in/min) 2,5 0.83 0.80 1.43 1.02
3.5 2,34 3,27 2.81
5.0 6,00 5.54 5.77
VZ2A 1.5 no
(in/min) 2.5 2,75 3,36 2,81 2,97
V2B 1.5 no
(in/min) 2.5 2.26 2.10 2,48 2.28
vVzC 1.5 no
(in/min) 2.5 4, 62 2,86 1.76 3.08
3.5 3.16 5.29 4,23
V2D 1.5 no
(in/min) 2.5 2,43 1.63 0.67 1.58
3.5 3,13 4,86 4,00
5,00 10,59 10,00 10, 30
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TABLE A-10 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 9
Window Reveal, Passenger Service Unit

Heqs Individual Val
iviaua ailues
Data Flux, Average
Type (W/cm") 1 2 3 4
V3A 1.5 no
(in/min) 2.5 0.51 0.38 0.92 0. 60
3.5 1.76 5.99 3.53
V3iB 1.5 no
(in/min) 2.5 0.91 0. 60 1.31 0,94
3.5 2,01 5.14 3.58
5.0 7.06 6.00 6.53
V4A1
[Btu/(£t2 . min)]
V4AZ . 2.5 318.5 309.9 172,5 267,0
[Btu/(£t> . min)] | 3.5 491. 6 334,7 413.2
5.0 593, 8 449, 6 521.7
V4A3 5.0 868. 6 681. 6 775.1
[Btu/(ftZ . min)] 6.0 584, 3 702.1 643.2
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TABLE A-10 (Continued)

LABCRATORY TEST MEASUREMENTS - MATERIAL NO. 9
Window Reveal, Passenger Service Unit

Heat Individual Val
Data ividua alues
T Flux, Average
ype (W/cm ) 1 2 3 4
V4B1
(Btu/£t2)
V4B2 2.5 1258.1 1625, 4 847, 4 1243, 6
(Btu/ft2) 3.5 1682.2 1715.7 1699.0
5.0 522, 4 413.6 468,0
V4B3 5.0 1218. 6 1196, 6 1207.6
(Btu/ft2) 6.0 1199.8 | 1349.0 1274, 4
V5A1
(dimensionless)
V5A2 2.5 394,7 430.0 151.7 325.2
(dimensionless) 3.5 553.1 490, 4 521.8
5.0 740.2 692.0 716.1
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TABLE A-10 (Continued)
LABORATORY TEST MEASUREMENTS - MATERIAL NO. 9

Window Reveal, Passenger Service Unit

Sane Individual Val
Data ividua alues
Fluxz Average
Type (W/cm”) 1 2 3
V5A3 5,0 648, 7 722.6 685.7
(dimensionless) 6,0 736,2 712.0 724,1
V5B1
(min-1)
V5B2 2.5 107.7 140, 6 33,3 93.9
(min-1) 3.5 241.1 192.3 216, 7
5.0 1071.6 665.5 868, 6
V5B3 5.0 1051. 6 1000, 1 1025.9
(min-1) 6.0 1252.2 1271.5 1261.9
V6A 2.5 0.07 0. 0.06
(min) 3.5 0.14 0.15 0,15
5.0 0.03 0. 0. 05
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TABLE A-10 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 9
Window Reveal, Passenger Service Unit

Heat Individual Val
Data ividua alues
Flux, Average
Type (W/cm") 1 2 3 4
V6B 1.5 no
(min) 2.5 no
3.5 no
5.0 0.88 0.80 0.84
6.0 0.25 0.25
VTA 2.5 > 10 > 10 > 10 > 10
(min)
V7B 2.5 > 10 > 10 > 10 > 10
(min) 3.5 7.66 9.15 8.40
5.0 4,50 4,08 4,29
vViC 1.5 no
{mi.n) 2.5 no
3.5 no
5.0 3, 42 3.28 3.35
A 3.5 1, 48 1,64 1,46 1.53
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 9

TABLE A-10 (Continued)

Window Reveal, Passenger Service Unit

Heat
Data meZ Individual Values
A

Type W/cem”) 1 2 3 verage
V9 1.5 no
(min) 3.5 > 10 > 10
V10
(min)
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TABLE A-11

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 9
Window Reveal, Passenger Service Unit (0,040 inch thick,
beige polycarbonate)

Horizontal Specimen

P Individual Val
Da ividua alues
ta Flux Average
Type (W/cm") 1 2 3 4
H1A 1.4 no
(in/min) 2.2 1.56 1.82 1.69
H1B 1.4 no
(in/min) 2.2 0.82 0.82
H1C 1.4 no
(in/min) 2.2 0.83 0,83
3.2 2.21 3,31 5,71 3,74
4,5 3.53 3,75 3,64
H1D 1.4 no
(in/min) 2.2 0,99 0.99
3.2 1.63 2,50 3,08 2,40
4,5 4,82 3,53 4,13
HZ2A1 1.4 0
[Btu/(ft™ - min)] 2.3 260.1 260.1
3.2 448.0 361, 4 482, 3 430, 6
4.5 267.6 267.9 267.8
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 9

TABLE A-11 (Continued)

Window Reveal, Passenger Service Unit

Heat ..
Data Fluxz Individual Values Average
Type (W/cm") 1 2 3
H2A2 1.4 0
[Btu/(£t% - min)] 2.3 0
3.2 618.7 618,7
4,5 152.5 152.5
5.3 359.1 359.1
H2B1 1.4 0
( Btu/ft2) 2.3 1223.8 1223.8
3.2 1203, 5 1169.7 1076, 4 1149.9
4,5 944,9 849.3 897.1
H2B2 1.4 0
(Btu/ft?) 2.3 0
3.2 522.9 522.9
4,5 231,2 231,2
5.3 802. 3 02.
H3A1l 2,3 585.0 585, 0
(dimensionless) 3.2 786.3 779.8 854,2 806. 8
4,5 775. 4 792.1 783.8
H3A2 3.2 829.7 829.7
(dimensionless) 4.5 852, 3 852.3
5.3 831, 1 831.1
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TABLE A-11 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 9
Window Reveal, Passenger Service Unit

Heat Individual Val
Data ividua alues
T Fluxz Average
ype W/em”) 1 2 3 4

H3Bl1 2.3 183.7 183,7

(min-1) 3.2 650. 6 358, 3 740.3 583. 1
4,5 796, 4 709,6

H3B2 3.2 1357, 2 1357.2

(min-1) 4,5 973.3 973.3
5.3 847, 3 847.3

H4A

(min)

H4B 1.4 no

(min) 2.3 no
3.2 8.10 7.40 8.20 7.90
4,5 3.95 3.95
5.3 0.81 0.81

H5A 2.3 11.26 8.69 9.98

(min) 3.2 7.33 6.53 7.00 6.95
4,5 7.13 6,31 6,72
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TABLE A-11 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO.9
Window Reveal, Passenger Service Unit

Heat Individual Val
Data ividua alues
T Flu.xz Average
ype W/cm™) 1 2 3 4
HSB 1.4 no
(min) 2.3 no
3,2 3,10 2,55 3,60 3,08
4,5 1.75 1.75
H6 1.4 no
{(min) 2.3 no
3.2 1.23 1,42 1,38 1,34
5.3 0. 42 0,42
H7 1.4 no
(min) 2,2 no
3.2 no
HS8 0.04 0.04 0.06 0,02 0.04
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 10
Window Transparency (acrylic)
Vertical Specimen

TABLE A-12

Data Individual Values A

Type . 5 , verage
VIA 0. 86 1.24 0.94 1.01
(in/min)
VIiB 1,28 1.55 1. 45 1,43
(in/min)
ViC 1.09 1.13 1.21 1.14
(in/min)
1 V1D 2.5 1,07 0.93 1.05 1.02
! (in/min) 3.5 1.45 1.94 . 60 66
{VIE 2.5 1. 44 36 1.34 1.38
(in/min) 3.5 2.53 58 .20 .44
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TABLE A-12 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 10
Window Transparency

Heat
Data Flux Individual Values
2 . Average
Type (W/cm' ) 1 2 3 4 ¢
VIiF 2.5 1, 40 1,70 1,57 1.56
(in/min) 3.5 3.24 3,64 3,87 3.58
5.0 6,32 6,67 6. 49
VZA 2.5 4,62 4,68 4,34 4,54
(in/min)
VZB 2.5 5, 45 6,05 6,92 6,14
(in/min)
vaC 2.5 2,81 3,10 2.57 2.83
(in/min) 3.5 4,50 4,86 4,50 4,62
V2D 2.5 3,60 3,46 3. 46 3,51
(in/min) 3.5 4,93 6,79 6,79 6,17
5.0 10, 59 11.61 11.10
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TABLE A-12 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 10
Window Transparency

Heat
Data Flux Individual Values A
2 verage
Type (W/cm") 1 2 3 4 &
V3A 2.5 .73 0. 81 0.90 .82
(in/min) 3.5 1.50 2,12 1.81
V3B 2.5 1.20 1.23 1.25 1.23
(in/min) 3.5 2.69 3,10 3.36 3.05
5,0 7.01 6.00 6.50
V4Aa1l
[Btu/(ft2 . min)]
V4A2 2.5 896.9 863.3 880.1
[Btu/(ft2 . min)] 5.0 1861. 1 1861.1
V4A3 5.0 1638.5 1753. 4 1696.0
[Btu/(£t¢ . min)] 5.9 1962.2 1876.9 1919, 6

134




TABLE A-12 (Continued)
LABORATORY TEST MEASUREMENTS - MATERIAL NO. 10

Window Transparency

vy Individual Val

Data ividua alues

o }:"lm:2 Average

ype W/cm ) 1 2 3 4
V4B1
(Btu/ftz)
V4B2 2.5 2327.4 2285,9 2306.7
(Btu/fte) 5.0 1907.7 1907.7
'i
V4B3 5.0 1812.8 1525,1 1669.0
(Btu/ft2) 5.9 2244, 6 1418, 6 1831, 6
1
[
V5A1
(dimensionless)
;:
| V5A2 2.5 527, 499.0 513.1
| (dimensionless) 5.0 498.5 498.5
!




TABLE A-12 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 10
Window Transparency

Heat Individual Val
ividua alues
Data F]‘uxz Average
Type (W/em”™) 1 2 3
V5A3 5,0 430, 8 338.2 384.5
(dimensionless) 5,9 562,1 596, 0 579, 1
V5B1
(min-1)
V5B2 2.5 297.1 261, 4 279,3
(min-1) 5,0 662.0 662, 0
V5B3 5,0 562.0 567,2 564, 6
(mln”l)
VEA 2.5 0.02 0,03 0,03 0,03
{min) 3.5 0.08 0.10 0.08 0,09
5.0 0.04 0,04 0,04
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TABLE A-12 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 10
Window Transparency

Heat
Data Flux Individual Values A
2 verage
Type W/ cm®) 1 2 3 4 ¢
V6B 1.5 no
(min) 2.5 no
3.5 1.76 2.36 1,54 1,89
5.0 0.83 0,85 0.84
6.0 0,32 0,37 0,34
V7TA 2.5 5.13 4,99 4,97 5,03
(min)
V7B 2.5 4,80 5.22 5,01
(min) 3.5 5,00 4,99 5.20 5.06
5.0 2.73 2.73
V7C 1.5 no
(min) 2.5 no
3.5 2,37 1.63 2.97 2,37 2.56
5.0 3,67 2.38 3.03
V8 2.5 0.75 1.17 0.96
(min) 5.0 0,44 0,42 0,43
6,0 0.25 0,28 0.27
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TABLE A-12 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 10

Window Transparency

Heat
Data Flux Individual Values A
2 verage

Type (W/cm") 1 2 3 4 ©
V9 1.5 no
{min)
V10 0.08 0.03 0.02 0.03 0.04
(min)
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TABLE A-13

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 11
Stowage Bin (cream colored)
Horizontal Specimen

Heat o
Data Flux Individual Values Average
Type (W/cm™) 1 2 3 4
HI1A 1.4 no
(in/min) 2.2 15.00 7.06 4, 62 8.89
3.2 6.32 5.00 4,00 5.11
HI1B 2.2 18. 46 3.16 4,00 8.54
(in/min) 3.2 6,86 5.85 6.15 6.29
HIC 2,2 15.00 3. 49 4,23 7.56
(in/min) 3.2 7.32 5.88 6.12 6. 44
H1D 3.2 13.04 10,17 10,17 11,13
(in/min)
H2A1 2.3 286.1 276.5 258,5 273.7
[Btu/(ft™ « min)] 3.2 477, 4 428, 6 453,0




LABORATORY TEST MEASUREMENTS - MATERIAL NO.

TABLE A-13 (Continued)

Stowage Bin

11

Heat Individual Val
Data ividua alues
* Fluxz Average
Type (W/cem") 1 2 3
H2ZAZ 2.3 272, 4 272.1 260, 4 268,3
[Btu/(£t¢ « min)]
HZB1 2,3 204.,9 188,06 185,0 192, 8
( Btu/ft2) 3.2 739.4 655.9 697.7
H2B2 2,3 154,9 146, 6 143, 3 148.3
(Btu/ft2)
H3A1 2.3 167.6 164,0 170. 6 167, 4
(dimensionless) 3.2 8047, 3 6823, 4 7435,4
H3A2 2.3 168.9 166, 6 179.1 171.5
(dimensionless)




TABLE A-12 (Continued)
LABORATORY TEST MEASUREMENTS - MATERIAL NO, 11

Stowage Bin

Heat
Data Flux Individual Values
2 Average
Type (W/cm”) 1 2 3 4 .
H3BI 2.3 556.0 | 14,6 630.2 600, 3
(min“l) 3.2 2573.5 2539,3 2556, 4
H3B2 2.3 549, 2 601.9 609, 6 586.9
(min-1)
H4A 2.3 0,03 G, 02 0.06 0,04
(min) 3.2 0.03 0.61 0.02 0.02
|
|
H4B
(min)
HS5A 3.2 1.7¢ 2.52 2.10 2.14
(min)
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TABLE A-13 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 1li
Stowage Bin

Heat
Data Flux Individual Values A
2 verage

Type (W/cm®) 1 2 3 4 &
HS5B
(min)
Hé6 2.3 0. 39 0. 40 0.38 0.39
(min) 3.2 0.23 0.23 0.23
H7 2.2 1.63 1.32 1. 44 1. 46
(min) 3.2 4,74 4, 41 4,58
H8 0.04 0,04 0.04 0.03 0.04

(min)




TABLE A-14

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 12
Upper Ceiling Panel
Horizontal Specimen

et Individual Val
Data lvidua alues
@ Flux, Average
Type (W/cm”) 1 2 3 4
HI1A 1.4 9.23 5, 45 7,34
(in/min) 2.2 6,67 2,93 3,08 4,22
3,2 10.91 8.00 12.00 10,30
HI1B 1.4 7.74 6. 49 9.60 7.94
(in/min) 2.2 6.00 4,62 5,85 5. 49
3.2 7,27 7. 50 9.23 8,00
H1C 1.4 7.69 5,88 8.57 7,38
(in/min) 2,2 6.82 5.00 4,29 5.37
3,2 6,52 7.69 10, 34 8.19
4,5 30,00 16,67 24,93
HI1D 1.4 12,00 12,00
(in/min) 2.2 8.00 7.89 6.90 7.60
3.2 12,77 15,00 18,18 15,32
4,5 37,50 22,22 29,86
HZA1 1,4 219, 4 178.7 265,1 221,1
[Btu/(ft” + min)] 2.3 271.0 334, 4 295.2 300,2
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TABLE A-14 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 12
Upper Ceiling Panel

Heat
Data Flux Individual Values A
2 "

Type W/cm”) 1 > i 4 verage
H2A2 2.3 267.3 339,0 295, 8 300.7
[Btu/(ft® - min)] | 4.5 682.2 367.3 326, 8 458, 8
2B1 1.4 169, 4 203.7 214, 8 196.0
(Btu/ft2) 2.3 197.3 633. 6 239.5 356, 8
H2B2 2.3 175.0 453,7 178, 6 .1
(Btu/ft2) 4.5 357, 1 174.2 228,17 253, 3
H3A1l 1.4 164, 8 120.5 167.1 150, 8
(dimensionless) 2.3 172.9 278.9 198.6 216.8
H3A2 2.3 167, 6 281.4 210.4 219.8
(dimensionless) 4,5 75.2 174,2 109, 4 119.6
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 12
Upper Ceiling Panel

TABLE A-14 (Continued)

Heat Individual Val
ividua alues
Data Fluxz Average
Type (W/em”) 1 2 3
H3B1 1.4 439, 3 260.7 510, 3 403, 4
(min-1) 2.3 457.9 573.8 645, 3 559, 0
H3B2 2.3 457, 4 566.7 629, 8 551,3
(min-1) 4.5 462, 4 1016.7 1002.2 827.1
H4A
(min)
H4B 1.4 no
(min) 2.3 no
3,2 no
4,5 .04 0.04
5.3 0.19 0.18 0.19
H5A 1.4 3.13 4,21 3.11 3. 48
(min) 2,3 1,23 1.28 1.25
3.2 1.59 1.57 1.74 1.63
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TABLE A-14 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 12
Upper Ceiling Panel

Heat Individual Val
Data ividua alues
Fh‘lxz Average
Type (W/ecm") 1 2 3 4
H5B 1.4 no
(min) 2.3 no
3.2 no
4,5 1.63 1.63
Hé6 1.4 0.75 0.80 0.78
(min) 2.3 0.36 0.34 0.29 0.33
3.2 0.19 0.23 0.21 0.21
5.3 0.08 0.08 0.08
H7 1.4 2.58 2.13 2.36
(min) 2.2 1.00 1.04 1.13 1.06
3,2 1.61 2.36 2.58 2.18
HS 0.13 0.13 0.15 0.04 0.11
' (min)
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TABLE A-15

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 13
Lower Ceiling Panel
Horizontal Specimen

Heat Individual Val
Data ividual Values
Flux Average
Type W/em™) 1 2 3 4
H1A 2.2 3,87 5,45 17.14 8.82
(in/min)
H1B 2.2 5,22 4,14 4, 68
(in/min)
H1C 2,2 4,73 4,29 23,08 10.7
(in/min)
H1D 2.2 6,67 5.94 30,00 14,2
(in/min)
H2A1 2 2,3 329.3 349, 0 314.8 331.0
[Btu/(ft” « min)]
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TABLE A-15 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 13
Lower Ceiling Panel

Hoat Individual Val
ividual Values

Data Flux, Average

Type (W/cm”) 1 2 3 4
H2AZ
[Btu/(£t® + min)]
HZ2Bl1 2,3 190, 2 209.,7 220.3 206,7
(Btu/ft%)
H2B2
(Btu/fté)
H3A1 2,3 203.3 201,0 179.0 194, 4
(dimensionless)
H3AZ2
(dimensionless)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO, 13

TABLE A-15 (Continued)

Lower Ceiling Panel

Data
Type

Heat
Fluxz

(W/em")

Individual Values

2 3

Average

H3Bl1
(min-1)

625,0

72,7 517.6

(o]

571.8

H3B2
(min-1)

H4A
(min)

H4B
(min)

H5A
(min)
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TABLE A-15 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 13
Lower Ceilng Panel

Heat Individual Val
ividual Values

Data Flux Average

Type (W/cm") 1 2 3 4
H5B
(min)
Hé6 2.3 0.13 0.13
(min)
H7 2.2 2.03 2.03
(min)
H8 0.02 0.03 0.03 0,03 0.03
(min)

150




LABORATORY TEST MEASUREMENTS - MATERIAL NO.
Lower Ceiling Panel (brown, perforated)

TABLE A-16

Vertical Specimen

14

Data
Type

Heat
Flux

W/cm™)

Individual Values
2 3

Average

V1A
(in/min)

V1B
(in/min)

Vi1C
(in/min)

V1D
(in/min)

VIE
(in/min)




TABLE A-16 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 14
Lower Ceiling Panel

Data
Type

Heat
Fluxz
W/cm )

Individual Values
2 3 &

Average

VI1F
(in/min)

VZ2A
(in/min)

VZB
(in/min)

vacC
(in/min)

VZD

(in/min)




TABLE A-16 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 14
Lower Ceiling Panel

Heat o
Data Flux Individual Values

Average
Type (W/em™) 1 2 3 4

V3A
(in/min)

V3B
(in/min)

V4A1l
[Btu/(£t2 . min)]

V4A2
[Btu/(£t2 . min)]

V4a 3 5,0 642, 0 642, 0
[Btu/({t2 . min) ]




TABLE A-16 (Continued)

LABORATORY TEST IMEASUREMENTS - MATERIAL . NO, 14
Lower Ceiling Panel

et Individual Val
D ividua alues
ata Fluxz Average

Type W/cm™) 1 2 3 4
V4B1
(Btu/£t2)
V4B2
(Btu/£t2)
V4B3 5.0 395, 7 395,7
(Btu/ft2)
V5A1

(dimensionless)

V5A2
(dimensionless)

[%;]

e




LABORATORY TEST MEASUREMENTS - MATERIAL NO, 14

TABLE A-16 (Continued)

Lower Ceiling Panel

Heat
Data Flux Individual Values
Type 2 Average
yp W/cm”) i 2 3

V5A3 5.0 180.8 180.8
(dimensionless)
V5Bl
(min-1)
V5B2
(min-1)
V5B3 5.0 1037,1 1037.1
(min-1)
V6A
(min)
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TABLE A-16 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 14
Lower Ceiling Panel

Data
Type

Heat
Flux

W/cm™)

Individual Values
2 3 4

Average

V6B
(min)

VTA
(min)

V7B
(min)

ViC
(min)

V8
(min)

[
n




TABLE A-16 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 14
Lower Ceiling Panel

Heat
Data Flux Individual Values
Type (chmz) g . 2 . Average
V9
(min)
V10

(min)

—
n
=1




LABORATORY TEST MEASUREMENTS - MATERIAL NO,
Lower Ceiling Panel (brown, perforated)

TABLE A-17

Horizontal Specimen

14

Data
Type

Heat
Flux2
W/cm )

Individual Values
2 3

Average

HIA

(in/min)

H1B

(in/min)

HIC

(in/min)

HID

(in/min)

HZ2A1

[Btu/( ft” « min)]




TABLE A-17 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 14
Lower Ceiling Panel
D Heat Individual Val
ata ividua alues
T }:"lmc2 Average
ype W/em™) 1 z 3 4
7
H2A2 4,5 246,7 246,7
[Btu/(£tZ - min)] |
|
1
i
H2B1 2
(Btu/ft%) .
|
H2B2 4.5 319.7 | 319.7
(Btu/ft%) :
H3A1 |
(dimensionless)
H3A2 4,5 233,2 333,2
(dimensionless)
:
i
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 14
Lower Celling Panel

TABLE A.17 (Continued)

Data
Type

Heat
Flux
(W/cm )

Individual Values

2

Average

H3B1
(min- 1)

H3B2
(min-1)

987.7

987.7

H4A
(min)

H4B
(min)

H5A
(min)
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TABLE A-17 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 14

Lower Ceiling Panel

Heat Tedividual Val
Data irdividual Values
° Fluxz Average
Type W/cm ) 2 3 4

Pt

HS5B
(min)

Hb6
(min)

HT

(min)

H8
(min)




TABLE A-18

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15
Seat Upholstery, Foam Pad (100% Nomex, zirconium treated,
0.5 inch foam pad)

Vertical Specimen

Heat
Data Flux Individual Values

2
Type (W/em') 1 2 3 4

Average

V1A
(in/min)

V1B
(in/min)

V1C
(in/min)

V1D
(in/min)

VIE
(in/min)
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TABLE A-18 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 15
Seat Upholstery, Foam Pad

Heat
Data Floce Individual Values
2 Average

Type (W/em") 1 2 3 4

VI1F
(in/min)

VZA
(in/min)

V2B
(in/min)

va2C
(in/min)

vZD
(in/min)
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TABLE A-18 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15
Seat Upholstery, Foam Pad

Heat Individual Val
Data ividua alues
Fl.u.xz o Average
Type W/cm") 1 2 3 4
V3A
(in/min)
V3B
(in/min)
V4A1l
[Btu/(£ft2 . min)]
V4A2 5.0 513.7 513.7
[Btu/(£t2 . min)]
V4A3 2.5 83, 4 83. 4
[Btu/(ft2 « min)] 5.0 505, 3 559, 3 532.3
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15

TABLE A-18 (Continued)

Seat Upholstery, Foam Pad

Heat
Data Flux Individual Values A
2
Type W/cm”) 1 > 3 verage
V4Bl
( Btu/ft2)
V4B2 5.0 646,0 646,0
(Btu/ft2)
V4B3 2.5 99.9 99.9
(Btu/ft2) 5.0 807.9 727.6 767.8
V5A1
(dimensionless)
V5A2 5.0 107, 4 107, 4
(dimensionless)
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TABLE A-18 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15

Seat Upholstery, Foam Pad

Data Individual Values
' . Average
Type 1 2 3 4
V5A3 172.8 172, 8
(dimensionless) 86.2 93.2 89.7
V5B1
(min-1)
V5B2 214.9 214.9
(min-1)
V5B3 2.5 186, 2 186.2
(min-1) 5.0 237.6 189.2 213.4
V6A 1.5 0.04 0.06 0.06
(min) 2.5 0.06 0.09 0.08
5.0 0.01 0.01




TABLE A-18 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15
Seat Upholstery, Foam Pad

Heat
Data Flux Individual Values
Type Average
P (W/em ") 1 2 3 4

V6B 5.0 0.29 0,33 0.31
(mln) 6.0 0,04 0,07 0.05
VTA
(min)
V1B
(min)
ViC 5.0 3.13 3,18 3.16
(min)
V8 5.0 0.15 0.22 0.18
(min) 6.0 no




TABLE A-18 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 15
Seat Upholstery, Foam Pad

Heat
Data Fluxz Individual Values A
a

Type W/cm ) 1 2 3 4 verage
V9
(min)
V10
(min)
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TABLE &-19

LABORATORY TEST MEASURKEMYNTS - MATERIAL NO, 15
Seat Upholstery, Foam Pad (100% "Jomex, zirconium treated,
0.5 inch fvain pad)

Vertical Snecimen

Heat Rl val
Data ndividua alues
T Flux2 Average
ype (W/cm™) 1 2 3 4
HI1A 1.4 1.24 ! 2,14 2.35 1.91
(in/min) 2.2 4,29 I 2.79 3.54
!
I
HIB 1.4 1,17 1.67 1.98 .61
(in/min) 2.2 .81 4,44 .13
HIC 1.4 1.56 2,22 2.38 2.05
{(in/min) 2.2 5,26 5.08 5.17
3,2 160, 00 24,00 31.58 51.86
4,5 23.08 £150,00 86,54
HID 1.4 2.0¢6 2,67 3.92 2.88
(in/min) 2.2 8,70 7.89 8. 30
3.2 100, 00 33,33 31,58 54,97
4,5 40,00 40. 00 40,00
H2A1 1.4 301.9 163.5 209.0 224,38
[Btu/(ft™ « min)] 2.3 360. 7 325, 9 343, 3
3.2 380, 5 342, 4 420.0 381.0
4.5 204, 6 232.9 218.8
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TABLE A-19 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15
Seat Upholstery, Foam Pad

b Individual Val
mdividaua alues
Data Fluxz Average
Type (W/em®) 1 2 3
HZ2AZ2 2.3 328,3 359.1 343.7
[Btu/(£t® - min)] | 3.2 463.5 186. 6 325.1
4.5 220,7 238.9 229.8
5.3 415, 3 415,3
H23B1 1.4 594, 6 260.1 252, 1 368.9
(Btu/£t?) 2.3 269.1 | 299.0 284. 1
3.2 710.7 718.2 660, 4 696. 4
4,5 838.4 792.6 815.5
H2B2 2.3 525,3 580.9 553,1
(Btu/ft2) 3.2 622.2 637.5 559.5 606, 4
4.5 991, 4 982. 6 987.0
5.3 1121,2 1121,2
H3A1 1.4 164, 1 40.9 51.0 85.3
(dimensionless) 2.3 85,3 86,0 85.7
3.2 137.1 153.7 161.6 150. 8
4,5 102,2 98.8 100, 5
H3AZ2 2.3 141.8 138.1 140. 00
(dimensionless) 4,5 136,1 121. 128.6
5.3 140,2 140,2




LABORATORY TEST MEASUREMENTS - MATERIAL NO, 15

TABLE A-19 (Continued)

Seat Upholstery, Foam Pad

Heat )
Data Flux Individual Values
2 Average
Type (W/em”) 1 2 3
H3Bl 1.4 114.8 39,0 63.8 72,5
(min-1) 2.3 168.1 128, 6 148. 4
4,5 244,7 2.4 208. 6
H3BZ2 2.3 174,5 164.0 179, 3
(min-1) 4.5 188, 4 284. 6 236.5
5.3 298.8 298.8
H4A
(min)
H4B 1.4 3.06 3,80 3.43
(min) 2.3 0.57 3,33 1.95
3.2 0.23 0. 31 27
4,5
HS5A 1.4 4,36 2,67 2.06 3,03
(min) 2.3 1.71 1.94 1.83
3.2 2.91 3.02 3.29 3.07
4,5 5. 46 4,85 5.16




LABORATORY TEST MEASUREMENTS - MATERIAL NO. 15

TABLE A-19 (Continued)

Seat Upholstery, Foam Pad

Heat
Data Flux Individual Values A
verage
Type (W/cm”) 1 2 3
HS5B 1.4 no
(min) 2.3 2.19 1.36 1.78
3,2 3,35 2.12 2.73
4,5 6.79 5.56 6,15
H6 1.4 no
(min) 2.3 0.71 0.73 0.72
3.2 0.10 0.10 0.11 0,10
4.5 0.04 0.05 0.05
H7 1.4 no
(min) 2.2 no
3.2 no
HE 0,05 0.03 0.03 0.04
(min)




TABLE A-20

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 16
Seat Upholstery, Foam Pad (90% wool, 10% nylon, zirconium
treated, 0.5 inch foam pad)

Vertical Specimen

Heat
Data Flux Individual Values

2
Type (W/cm”) 1 2 3 4

Average

V1A
(in/min)

V1B
(in/min)

ViC
(in/min)

V1D
(in/min)

VIE
(in/min)
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TABLE A-20 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 16
Seat Upholstery, Foam Pad

Heat o
Data lux Individual Values

2 Average
Type (W/em™) 1 2 3 4

V1F
(in/min)

VZ2A
(in/min)

VZB
(in/min)

vacC
(in/min)

V2D
(in/min)

[
=1
1N




LABORATORY TEST MEASUREMENTS - MATERIAL NO,

TABLE A-20 (Continued)

Seat Upholstery, Foam Pad

P
lo

Data

Heat
Flux
W/cm )

Individual Values

2 3

Average

V3A
(in/min)

V3B
(in/min)

V4Al

[Btu/(ft2 . min)]

V4AZ

[Btu/(ftz . mm)]

1404,7

1404,7

V4A3

[Btu/(£t¢ . min)]

-1

i




LABORATORY TEST MEASUREMIENTS - MATERIAL NO, 16

TABLE A-20 (Continued)

Seat Upholstery, Foam Pad

Heat

Data Flux Individual Values

Type (wcmz) . 5 3 Average
V4B1
(Btu/ft2)
V4B2 5.0 1080. 6 1080. 6
(Btu/ft2)
V4B3
(Btu/{t2)
V5A1
(dimensionless)
V5A2 5.0 110, 8 110.8

(dimensionless)

=1

O~




TABLE A-20 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 16
Seat Upholstery, Foam Pad
Heat Individual Val
Data ividua alues
T Flux, Average
ype W/cm ) 1 2 3 4
V5A3
(dimensionless)
V5Bl
(min-1)
V5B2 5.0 353,7 353.7
(min-1)
V5B3
(rn'm'l}
V6A 2.5 .07 . 07
(min) 5.0 .02 .02
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TABLE A-20 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 16

Seat Upholstery, Foam Pad

Heat Individual Val
Da ividua alues
ta F].ux2 Average

Type (W/cm") 1 2 3 4
V6B 5.0 .23 17 . 20
(min) 6.0 .03 .03 .03
V7A
(min)
V7B 5.0 2. 41 2.4
(min)
vV7iC 5.0 2,70 2,60 2.65
(min)
V8 5.0 0.08 0.10 0.09
(min)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO. 16

TABLE A-20 (Continued)

Seat Upholstery, Foam Pad

Heat
Data Flux Individual Values
T 2 Average
ype (W/em™) 1 2 3

V9
(min)
V10
(min)

179




TABLE A-21

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 16
Seat Upholstery, Foam Pad (90% wool, 10% nylon, zirconium
treated, 0.5 inch foam pad)

Horizontal Specimen

Heat Individual Val
Data ividua alues
T Fluxz - Average
ype (W/cm™) 1 2 3 4
HI1A 2,2 12,00 5.22 8.61
(in/min)
H1B 2.2 7.27 7,27
(in/min)
H1C 2.2 9.09 11,11 10.10
(in/min) 3.2 18.18 24,00 23,08 21,75
4,5 too fast
HI1D 2,2 14,29 15,79 15,04
(in/min) 3,2 28.57 54,55 50. 00 44, 37
4.5 too fast
H2A1 1.4 382.1 339.1 360,6
[Btu/(ft” « min)] | 2.3 689, 3 636.7 663.0
3.2 639.2 718.4 676, 6 678.1
4,5 518.7 518,.7
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LABORATORY TEST MEASUREMENTS - MATERIAL NO.
Seat Upholstery, Foam Pad

TABLE A-21 (Continued)

16

Heat Individual Val
ivicdua alues
Data Fluxz Average
Type (W/ecm") 1 2 3 4
H2A2 2.3 482.2 482.2
[Btu/(ft% - min)] | 3.2 350, 5 413,3 381, 9
4,5 615.0 615.0
5,3 432.7 503.3 468.0
H2B1 1.4 302. 4 253.7 278. 1
(Btu/ft2) 2.3 689. 3 636.7 663.0
3.2 1075.7 910.7 |1078.9 1021. 8
4.5 817.5 817.5
H2B2 2.3 594, 8 594, 8
(Btu/ft?) 4.5 819.2 819.2
5.3 937.3 895, 6 916.5
H3A1 1.4 34,1 25.1 29. 6
(dimensionless) 2.3 194.9 128.7 161.8
3,2 120.0 117.0 122. 4 119.8
4,5 91.3 91.3
H3A2 2.3 180.9 180.9
(dimensionless) 4,5 93,5 93.5
5.3 118.2 122.1 120.2
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TABLE A-21 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 16
Seat Upholstery, Foam Pad

§ Heat
i Data Flux Individual Values N
: 2 verage
Type (W/cm") 1 2 3 4 &
H3Bl 1.4 71.6 50.2 60.9
(min-1) 2.3 258.8 257.1 258.0
3.2 163.8 196,2 167. 5 175. 8
4.5 123.5 123.5
H3B2 2.3 306.9 306.9
(min-1) 4,5 128. 4 128. 4
5.3 166,9 227.9 197. 4
H4A
(min)
H4B 2.3 3.43 3,388 | 3. 66
(min) 3.2 2.73 3.23 2.98
4,5 0,14 0.15 0.15
H5A 2.3 2.38 2.38
. (min) 3.2 3.47 2.38 3,25 3.03
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TABLE A-21 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 16
Seat Upholstery, Foam Pad

Heat
Data Flux Individual Values
2 Average
Type (W/cm”) 1 2 3 4 :
H5B 2.3 1.05 .33 1.19
(min) 3.2 4,38 .57 .47
4,5 2.08 2.93 2,50
Hb6 2,3 0.28 0.30 0.29
(min) 3.2 0.10 0.08 0. 09
4,5 0.06 0.08 0.07
H7 2.2 no
(min) 3.2 no
H8 0.02 0.02 0.02 0.03 0.02
(min)

—




TABLE A-22

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 17
Seat Upholstery, Foam Pad (100% wool, zirconium treated,
0.5 inch foam pad)

Vertical Specimen

Heat o
Data Flux Individual Values

Type (W/cm") 1 2 3 4

Average

V1A
(in/min)

V1B
(in/min)

Vi1C
(in/min)

VIiD
(in/min)

VIE
(in/min)
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LABORATORY TEST MMSURENﬁENTS - MATERIAL NO. 17

TABLE A-22 (Continued)

Seat Upholstery, Foam Pad

Data
Type

Heat
Flux
(W/cm )

Individual Values
2 3

Average

VIF
(in/min)

VZA
(in/min)

V2B
(in/min)

Vva2C
(in/min)

V2D
(in/min)

185




TABLE A-22 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 17
Seat Upholstery, Foam Pad
Heat

Data Flux Individual Values 5

Type (W/sz) ) 2 3 verage
V3A
(in/min)
V3B
(in/min)
V4Al
[Btu/(ft2 . min)]
V4AZ2
[Btu/(ft2 . min)]
V4A3 5.0 786.9 1098.,1 942,5
[Btu/(£t2 « min)]
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TABLE A-22 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 17
Seat Upholstery, Foam Pad

Heat Individual Val
Data ividual Values
Fluxz Average
Type (W/cm”) 1 2 3 4
V4Bl
(Btu/ft?)
V4B2
(Btu/ft2)
V4B3 5,0 974, 1 1110.0 1042, 1
(Btu/ft2)
V5Al
(dimensionless)
V5A2 5.0 72.6 72.6
(dimensionless)
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TABLE A-22 (Continued)

LABORATORY ri’EST MEASUREMENTS - MATERIAL NO. 17
Seat Upholstery, Foam Pad

Data Individual Values A

Type 1 > verage
V5A3 76,5 61, 34 68:92
(dimensionless)
V5B1
(min-1)
V5B2 157, 4 157, 4
(min-1)
V5B3 131. 4 194, 4 162.9
(min-1)
VeéeA 1.5 0.13 0.13 0.13
(min) 2.5 0.07 0.07 0.07

5.0 0.07 0.07
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TABLE A-22 (Continued)

LABORATORY TEST MEASUREMENTS - MAT ERIAL NO, 17
Seat Upholstery, Foam Pad

Heat

Data Flux Individual Values X

Type w/ cmz) 1 > verage
V6B 5.0 0,34 0.25 0. 30
(min) 6.0 0.08 0.08 0.08
V7A
(min)
V7B 5.0 3,18 3,18
(min)
L
vi7C 5.0 3,00 2,27 2.68
| (min) ‘
V38 5.0 0,12 0.15 0.13
' (min) 6.0 0,02 0.04 0.04
!
|
L .
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LABORATORY TEST MEASUl EMENTS - MATERIAL NO.

TABLE A-22 (Continued)

Seat Upholstery, Foam Pad

~
L

Heat
Data Flux Individual Values
Type (chmz) . 5 3 Average
- |
(min)
i
V10 :
(min) {
|
H
i
i
H
i
{
f;

T




TABLE A-23

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 17

Seat Upholstery, Foam Pad (100% wool, zirconium treated,
0.5 inch foam pad)
Horizontal Specimen

Heat )
Data Flux Individual Values
2 Averag
Type (W/cm”) 1 2 3 4 verage
H1A 1.4 2,67 2.40 2.53
(in/min) 2.2 9.23 7.06 8.14
H1B 1.4 3.43 1. 2.33
(in/min) 2.2 8.00 9.23 8. 62
H1C 1.4 3.70 3. 45 3,58
(in/min) 2.2 15,00 10.00 12.50
3.2 15.79 16,22 15,38 15,80
4.5 30.00 30,00
H1D 1.4 6.25 5. 88 6.07
(in/min) 2.2 21,43 14,29 17.86
3.2 33,33 28.57 33,33 31.75
4.5 33,33 33,33
H2A1 1.4 321.7 260.1 290.9
[Btu/(ft™ « min)] 2.3 644, 0 587.7 615.9
3.2 606, 9 651, 4 624, 3 627.5
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TABLE A-23 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 17

Seat Upholstery, Foam Pad

Heat
Data Flux Individual Values A
2 verage
Type W/em”) 1 2 3 4 :
H2A2 2.3 508, 3 508, 3
[Btu/(£t¢ « min)] 4.5 220. 7 238.9 229.8
H2B1 1.4 752. 4 211.1 481. 8
( Btu/ft2) 2.3 714.2 494, 0 604, 1
3.2 950. 1 965.7 906. 0 940. 6
H2B2 2.3 684, 4 684, 4
(Btu/£t2) 4,5 991. 4 982. 6 987.0
H3A1 1.4 83.3 13. 48.2
(dimensionless) 2.3 58.1 75.1 66.6
3.2 84,0 37.9 81.8 67.9
H3A2 2.3 135, 4 135.4
(dimensionless) 4,5 136.1 121,11 128, 6
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TABLE A-23 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 17
Seat Upholstery, Foam Pad

Heat Individual Val
Data ividua alues
- F].U.XZ Average
ype W/cm"™) 1 2 3 4
H3B1 1.4 46,7 é 26.7 36,7
(min-1) 2,3 129,1 | 103,4 116.3
3.2 118,0 E 114. 4 114.5 115, 6
i
.
H3B2 2.3 264.8 | 264, 8
(min-1) 4,5 188, 4 284, 6 236.5
H4A
{min) :
§
H4B 1.4 no
(min) 2.3 5,10 4,28 4, 69
3.2 0. 41 0. 38 0. 39
4,5 0.10 0.23 0.17
H5A 1.4 5,84 2.00 3.92
(min) 2.3 5,37 3. 60 4, 48
3.2 4. 64 3.75 3,43 3.94
4,5 2.42 - 2. 42

[
~
(W)




TABLE A-.23 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 17
Seat Upholistery, Foam Pad
Heat
Data Flux Individual Values
2 Average
Type (W/cm") 1 2 3 4 ¢
H5B 1.4 no
(min) 2,3 0.98 1.92 1.45
3.2 4,51 5.19 4,85
4,5 2.73 2,22 2,48
H6 1.4 .53 0.53
(min) 2.3 0.33 0. 40 0.37
3,2 0.14 0,14
4,5 0.03 0,08 0.05
H7 1.4 > 10
(min) 2.2 no
3.2 no
HS 0,02 0,02 0,02 0.03 0,02
(min)




PEMENTS - MATERIAL NQ,
thick, Polyether Urethane)

Data
Type

Heat
Flux
(W/cm™)

individual Values

-
‘ 3

Average

VIA
(in/min)

V1B
(in/min)

Vi1C
(in/min)

V1D
(in/min)

-a et

e e

VIE
(in/min)

1G5




TABLE A-24 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO., 18
Seat Cushiocn Foam Pad

EENP.

Heat
Data lux Individual Values

Type (w/ cmZ} 2 3 4

[

Average

rw

VIF
(in/min)

VZ2A
(in/min)

V2B
(in/min)

Va2C
(in/min)

V2D
(in/min)

[
N}
o




LABORATORY TEST MEASUREMENTS - MATERIAL NO. 18

TABLE A-24 (Continued)

Seat Cushion Foam Pad

Heat

Data Flox Individual Values

Type (W/sz) . . 3 Average
V3A
(in/min)
V3B
(in/min)
V4A1l
[Btu/(ft2 . min)]
V4A2 5.0 707.5 548, 6 628.1
[Btu/(£t2 . min)]
V4A3 5.0 548, 529.6 538.8
[Btu/(ft2 « min)] 5.9 1279.5 1279.5
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LABORATORY TEST MEASUREMENTS - MATERIAL NO,

TABLE A-24 (Continued)

Seat Cushion Foam Pad

18

D Heat Individual Val

ata lvidua alues

T Flux2 Average
ype W/em”) 1 2 3 -

V4Bl

(Btu/£t?)

V4B2 5.0 376.2 376.2

(Btu/ft2)

V4B3 5.0 261,5 175.0 218.3

(Btu/{t2) 5.9 416.7 416.7

V5A1

(dimensionless)

V5A2
(dimensionless)
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LABORATORY TEST MEASUREMENTS - MATERIAL NO,

TABLE A~

24 (Continued)

Seat Cushion Foam Pad

18

Heat
Data Flux Individual Values A
verage

Type (W/cm"™) 1 2 3 °
V5A3 5,0 50,6 46,6 48.6
(dimensionless) 5.9 44, 6 44,6
V5Bl
(min-1)

!

V5B2
(min-1)
V5SRB3 5.0 214.9 235.0 225,0
(min-1)
VEA 5.0 0,07 0,08 0.08
(min)

199




TABLE A-24 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO. 18
Seat Cushion Foam Pad

Data

Heat
Flux
W/cm)

Individual Values
2 3 4

Average

V6B
(min)

V1A
(min)

V7B
(min)

V7C
(min)

1.82

V8
(min)
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LA BORATORY TEST MEASURLIMMENTS -

Seat Cushion Feam Pad

Data
Type

Heat
Flux
W/cm™)

V9
(min)

V1o
(min)

IS S——

A

ERIAL NO,

Individual Values

&

3

Average

201




TABLE A-25

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 13
Seat Cushion Foam Pad (0.5 inch thick, Polyether Urethane)
Horizontal Specimen

Heat )
Data Flux Individual Values

Type (W/cm”) 1 2 3 4

Average

H1A
(in/min)

H1B
(in/min)

HIC
(in/min)

H1D
(in/min)

H2A1 4,
[Btu/(ft™ + min)]

556,7

un

556.7
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TABLE A-25 (Continued)

LABORATORY TEST MEASUREMENTS - MATERIAL NO, 18
Seat Cushion Foam Pad

Heat
Data Flux Individual Values N
verage
Type (W/cm”) 1 2 3 4
H2A2
[Btu/(£t® + min)]
H2B1 4,5 540.8 540, 8
(Btu/ft2)
H2B2
(Btu/ftz)
H3A1 4,5 55.0 55,0
(dimensionless)
H3AZ2
(dimensionless)
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" TABLE A-25 (Continued)

LABORATQORY TEST MEASUREMENTS - MATERIAL NO. 18
Seat Cushion Foam Pad

Data
Type

Heat
Fluxz
W/ecm™)

Individual Values
2 3 4

Average

H3B1
(min‘l)

388.0

388.0

H3B2
(mi.n'l)

H4A
(min)

H4B
(min)

H5A
(min)

(4V]

i




TABLE A-25 (Continued)

LLABORATORY TEST MEASUREMENTS - MATERIAL NO, 18
Seat Cushion Foam Pad
Heat d aat Vol
Data Individua alues
Fl‘”‘z Average
Type (W/cm”) 1 2 3
H5B
(min)
Hé6
(min)
H7
(min)
HS8
(min)
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APPENDIX B

FLAMMABILITY PROPERTIES OF REPRESENTATIVE
WIDE-BODY AIRCRAFT INTERIOR MATERIALS

The data in Tables B-1 through B-23 are values for various material
parameters which were derived from the laboratory test measurements in
Appendix A. The two values in parentheses below most table entries define
the upper and lower limits of the measurements. In most cases, only two
or three measurements were made of each parameter and the numbers in
parentheses are the lowest and highest of the measurements. The entry in
the tables is the mean value of the measurements. Table B-3 presents values
derived from averaging all of the sidewall panel data for each parameter.

In this case, the values in parentheses are the upper and lower 95% confidence

limits. Those values which are confidence limits are marked by an asterisk (*),

No values are presented for Material No. 14 (a ceiling panel) because
very little data was measured in the laboratory. No values are presented for
Material No. 18 (a seat cushion padding) because this material is not used
separately in the cabin. The seat upholstery materials were tested with

padding.

The variables for which data is presented are the following.

fh horizontal flame spread rate

fu vertically upward flame spread rate

fd vertically downward flame spread rate

tp time to begin smoldering

tf time to begin flaming

tpc time to become charred due to smoldering

tfc time to become charred due to flaming combustion

209



T g smoke release rate per mit area in the flamivg state

T smoke release rate per it area in the smoldering state
s :
rh heat rzalease rate per unit 1rea

rE(HCN) release rate per unit ares f HCN in the flaming state
rf(HFJ release rate per unit area »f HF in the flaming state
rf(HCI) release rate per unit area of HCL in the flaming state

of CO in the flaming state

w
4
D

il

rf(CO) release rate per unit
rf(SOZ) release rate per unit area of SOZ in the flaming state

tp time to cease smoldering when the heat flux is reduced
ne :

An entry of "no'" in the tables for i , £, or fd indicates that the
0 il

flames did not spread at the heat flux corresponding to the entry, An entry
of "no" for tf indicates that the material did not undergo flaming combustion
o g

for the heat flux corresponding to the sntrv. An entryv of '"no' for ::p or tp
: : . -

indicates that the material did not undergo smoldering for the heat flux

1

corresponding to the entry, Blanks in the tables indicate no value could be

derived from the laboratory test data for the corresponding entry.

The laboratory test for measuring £, the time to cease srmoldering
when the heat flux is reduced, involved subjecting the specimen tc a high
flux until smoldering began and then turning oif the external heat flux source.

The heat flux at which smoldering « induced was not measured and once

smoldering began, the heat flux was reduced to zero rather than some inter-
naot available for t as a function of

pe
heat flux. Table B-23 presents vaiues of ¢t for the materials for which

e

mediate value, Therefore, datz was

J

the results from the above test were reported.



TABLE B-1

FLAMMABILITY PROPERTIES - MATERIAL NO, 1
Carpet and Pad (wool, cut, and loop)
Horizontal Sample

z
HEAT FLUX [Btu/(ft - sec)]

Variable (unit) 1.23 1,94 2.82 3,96

ihtft}scc} L0170 . 0464 . 1389 L4187
(.0146,.0194)((.0439,,0490)

f (ft/sec)
u

id (ft/sec)

‘p (sec) 28.8 G.0 3.6 2.4
(27.6,30.0})

tftsecl

tpc{sec] > 600 546, 0

ty. (sec) > 600 631.8 325.8
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TABLE B-1 (Continued)

FLAMMABILITY PROPERTIES - MATERIAL NO,

HEAT FLUX

[Bm)’(ﬂ:z- sec))

Variable (units) 1,23 1,094 2.82 3. 96 4, 67
r_; (part/(sec: £:%)] < 13.94 18,13 35, 60
(18.04, 18.31) (34.23,36.53)
r  [part/sec- ftz)"
38 -
r I:Btua’(sec-ftzl} .
h < 2.75 3,33 7.08

r (HCN) [Ibf[sec-ftzJ]
r (HF) [Ib/(nec £t7)]
r(HC1) [lbf(sec-ftz}]
rf(CO} [lbf'fscc‘ftzij

rffSOZJ [1b/{sec- nz}]

(3.28,3.38)

L 0oooe3z

>, 0000070

. 0006203

L 0000257

(6.85,7.29)
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TABLE B-2

FLAMMABILITY PROPERTIES - MATERIAL NO. 2
Carpet and Pad (wool, loop pile)
Horizontal Sample
HEAT FLUX [Btuf(ftz—aec}]
Variable (unit) 1,23 1.94 2. 82 3,96 4. 67
£ (ft/sec) . 0081 . 0219 L1119 L1667
(.0078,.0085) (.0926,.1389)
f (ft/sec)
u
{d {ft/sec)
tg (sec) 19.2 9.0 5.1 4,2 1.2
(4.8, 5,4) (3.6,4.8) (0.6, 1.8)
tff.secl
te (sec) > 600 636, 0 > 600 {
i
t, (sec) > 500 530. 4 280.8 |
(513.6,547.8)[(215.4,376. 8) |
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TABLE B-2 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 2

z
HEAT FLUX [Btu/(ft" sec)]

Variable (units) 1,23 1.94 2. 62 3.96 1. 67
r . [part/(sec- £t%)] < 7,21 26. 47

Tes Epart)’uec-ftz}] 12.08

rh[Bm!(.ec-ftz}’j < 1,49 4, 89

r (HCN) [1b/(sec. 1t%)] . 0000038

rf(HF.i [1b/{pec: ftz]j

r (HC1) [1b/(sec- £%)] >, 0000084
r (COJ [1b/(sec- ££2))
K ) . 0000188
2
rr(SOZ} (Ib/(sec-£t°)] . 0000368
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TABLE B-3
FLAMMABILITY PROPERTIES - MATERIAL NOS. 3,4,5,6,7 (AVERAGE)

Sidewall Panel
Vertical Sample

HEAT FLUX [Btu/(ft°. sec))

Variable (unit) 1,32 2.2C 3,08 4,41

£, (ft/sec)  no . 0093 . 0181
(. 0086, .010)* |(. 0160, .0200)4

£ (ft/sec) .0l92 , 0300
(.0156,.0225F(.0263,.0337H

£, (ft/sec) , 0078 L0187
(.0070,.0085%k{(.0170,.0203H

tp (sec) 19,7
(15.4,23, 8

tf(sec) 1.9 1.4

{0.0,3.9p (1.4, 1.9
tpc(sec) 66,
(55,0, 78, 5@

te (8ec) no 51, 4 42, 4 29. 4
{48, 4, 53,9 (29. 5,48, 2F

% These numbers are the 3% confidence lim:ts rather than the upper and
lower limits of the measurements,

215



TABLE B-3 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 3,4,5,6,7 (AVERAGE)

HEAT FLUX [Btu/(ft% sec)]

Variable (units) 1.32 > 20 2 08 4 4]

23.15 59.23

Tt {partffnec-ftz,]]
(19.61, 26.97)

2 -
ras [part/sec-ft V]

rh[Bt‘uHaec—ftzJ] 2.7¢% 4.472
(2.38, 3.07)

T (HCN) (15/(sec- £t%)] . 0000005

r (HF) [1b/(sec- )] . 0000594

rf[HCIJ [lb.-"{sec-.ftz,l: >, 0000361

r(CO) [1b/(sec- )] . 0002775

rf[SOZ} {lo/(sec ftzij
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TABLE B-4

FLAMMABILITY PROPERTIES - MATERIAL NO. 3
Sidewall Panel
Vertical Sample

. z
HEAT FLUX [Btu/(ft". sec]]

Variable (unit) 1.32 2.20 | 3,08 |
|
'i
fh (ft/sec) no . D09¢ l L0149
(L0081, .G111](.0131,.0179)
fu (ft/sec) L2198 . 0295

(.0172,.0294) (({.0278,.0312)

f’d (ft/sec) . 0066 L 0lpe
(,0057,.0073)(.0147,.0208)
tp (sec] . 17.4
(le. 4, 13.0)

tftsec) )
(1.8,2.4) (1.2,1.8)
tpc {sec) 62.4 i
(38,8, 70.2) |
!
t, (sec) no 56, 4 | 34,2
(34.0, 60. 56) (30.0,37.2)
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FLAMMABILITY PROPERTIES - MATERIAL NO, 3

TABLE B-4 (Continued)

Variable (units)

HEAT FLUX

[Btul{!tz' sec))

2, el

3. 08

T [part/(sec- ftzlj
r [partisec-ftz)]

ss

2

rthm!(umft 1
rffHCNJ [Ib/(sec. ftZJ]
rf(HF} [Ibf(ne:'ftzJ:
r(HCl) [lbf{aec-ftz,}:l
r(CO) [1b/(sec- )]

rI{SOZ) [1b/(sec- ftZJ]

21.78
(20. 44, 22, 46

8. 05

2.38
(2.03, 2.58)

59.23
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TAEBLE B-5

FLAMMABILITY PROPERITES - MATERIAL NO, 4

Sidewz il ¢
Vertical Sample

HEAT PLUW E_Btu:’lftz' sec)]
Variable (unit) 1.32 2.20 f 3,08 |
|
|
£, (ft/sec) no L Glo4 i 0161
(,0096,.0111){.013L,.0179)
|
£ (ft/sec) .0230 | . 6253
(.0179, 0212){1.0227..0294)
i
t, (ft/sec) L0092 | 0206
(. 0088, 0798} [{.0200,,0217
{
!p (sec) 13.2 i
12.6, 13.8) |
|
t; (sec) ! oL | L4
; {o{l.z, 1.8)
t_ (sec) : L4 {
pe | 62,4 i
H‘:.,’.', ":._ A2 i
| I
t; (sec) no i 48, & ‘ 51,0
(44,4, 52 | (348, 82.2)
; i
|
i
! i
‘. i
| |
! I

IR
_—
-
~iZ



TABLE B-6

FLAMMABILITY PROPERTIES - MATERIAL NO., 5
Sidewall Panel
Vertical Sample

HEAT FLUX [Btu/(£t% sec)]

Variable (unit) 1, 32 2.20 3,08

£, (ft/sec) " ne . 0086 .0183
(.0085,.0088) (.0179,.0192)

f“ (ft/sec) ., 0152 . 0365
K. 0139, .0161) |(.0294,.0417)

fd (ft/sec) . 0079
. 0078,.0081}

t_(sec)

P

tf{uc} 2.4 2.2

(1.8,2.4)

t__ (sec)

pe

e (sec) no 52,2 57.0

(50.4,54.0) (28.8,79.8)

220




TABLE B-6 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO, 5§

2
HEAT FLUX [Btu/(ft™ sec)]

Variable (units) 1.32 2,20 3.08
Tt [Parti{nac-ftzﬂ 24.24
s (21.93,26.71
Ts [Pa‘rtfsel:-ftzﬂ
r, [Btu/(sec. )] 3.07
(2. 79, 3.37)

7 (HCN) [1b/(sec- £27)]
i
rI(HF} [Ib/(secft")]
r f Z 1
rr(HCIJ Llb/(sec-ft7)]
7,(CO) U1t/ (sec- £6°)]

rfi'SOZJ' (b/(sec I:ZJ]
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TABLE B-7

FLAMMABILITY PROPERTIES - MA TERIAL NO, 6

Sidewall Panel
Vertical Sample

[Btu/{ftz-u.-c 1

HEAT FLUX
Variable (unit) .32 2,20 3.08 4.41 |
{h {ft/sec) no . 0091 .0235
(.0073,.0100)|(.0227,.0250)
fu (ft/sec) . 0144 . 0358
(.0125,.0156)((.0333,,0385)
{d (ft/sec) . 0086 . 0201
(.0081,.0089){(.0192,.0217)
t, (sec) 23. 4 5.0
(17. 4, 34. 3) (4.8,5.4)
t{ (sec) 2.4 1.8
(1.8,3.0)
tpc (sec) 73.8
(31.2,102. 0)
t;. (sec) no 48.0 35.4 29.4
(45.6,51.0) | (32.4,40.2)| (16.8,37.8)
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TABLE B-7 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO, 6

F B
HEAT FLUX [Btu/(ft™ sec)]

Variable (units) 32 2.20 3,08 L4l
Tt [part/(sec- ftz}] 26,97
¢ (25.02,28. 06)
r  [part/sec. ftz}'i
58 =
r, [Bta/(sec: £2)] 3. 01 4.07

. 2
rf{HCN] b/ (sec.ft7)]
. s 2.-
rf(z-IF,‘ 1a/{sec- ft™})]
1y ¢ a'z 9
r {HC!) [1b/(sec-ft")]

R s
r {CO} (lb/(sec- ft7}]

f

r 2 .-
TA50,) [1b/isec ft7)]

£ )
H o

2.834,3.08)

(4. 07, 4. 44}

3y}
rJ
(]




TABLE B-8

FLAMMABILITY PROPERTIES - MATERIAL NO, 7
Sidewall Panel
Vertical Sample

3+
HEAT FLUX [Bw/(ft"- sec)]

Variable (unit) 1.32 2.20 3.08 4,41

£h (ft/sec) no . 0089 L0176
(.0081,.0098)|(.0156,.0200)

!“ (ft/sec) . 0215 L0228
(.0167,.0263){(.0217,.0250)

fd (ft/sec) . 0066 L0171
(.0055,.0078)|(.0161,,0174)

tp (sec) 24,6 0.0

t((uc} 1.8 1.4

(1.2,2.4) (1.2,1.8)
tpc (sec) 68.4

(60.0,81,6)

t (sec) no 51.6 34,2
(49.8,52.8) (30. 6, 40. 8)
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TABLE B-8 (Uonutinued)
FLAMMABILITY PROPERIILE - MATERIAL NO, 7

Bt/ (itz' sec)]

Variable (units) 1.32 z.20 1 73,08 4,41
r {part,’(sec—ftz}"’ 20, 55
sf J 20, 55

L [part/sec- ftzi] 11, 4

rh[Bm/(sec- ftzlj

r (HCN) [1b/(sec- £t )] .

= (HF ) [1b/(sec-£t7)] 000053 |

i

|

r (HC1) (1b/(sec- £t%)] Locon2sy !
e (CO) [1n/ 2,
-f( J (lb/(sec-4t" )] REVIRRR R T

.'

r (50.) [Ib{{sec-ftz}'- : :

5% ) .

i i




TABLE B-9

FLAMMABILITY PROPERTIES - MATERIAL NO, 8
Window Reveal, PSU

Vertical Sample

HEAT FLUX [Bruf(ftz- sec)]

Variable (unit) 1.32 2.20 3.08 4,41 5.29
£ (ft/sec) . 0018 . 0034 . 0075
(.0014,.0024)|(.0032,,0035) |(.0071,.0078)
£, (ft/sec) no . 0035 . 0044 L0113
(.0027,.004) |[(.0040,.0049)|(.0086,.0139)
fd (ft/sec) no . 0014 L0034 L0075
(. 0009,,0021) (. 0029,.0038) |(. 0073,.0076)
t_(sec) no 112.8 21.0 10.8
P (109.8,115. 8 (15.6,28.8) | (2.4, 16.2)
ti.(sel:} 2l.6 10.8 2.1
(18.6,24.0) | (7.8,13.8) 1.8,2.4)
tpc (sec) 245, 4
(236.4,253.8)
te. (sec) > 600 > 600 355.2
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FLAMMABILITY PROPER

TABLE B-9 (Continued)

R
TLE

S- MATERIAL NO, 8

Variable (units)

HEAT FLux  (Btu/(ft2 yec))

1,32 2. 20

3,08

.29

T [part/(sec- £t°)]
r 'part.-’sec—ftz,l"
s' S -
2
rh[Btul(lec-ft )]
r (HCN) [lbffaec-ftzi:
r (HF) fl’m’[sec-ftZ]]
N 2. -
rf(HClJ [Ib/isec. )]

. 2
r{{CO} Ubi{sec-ft7 )7

ri.GSOZJ [1b/(sec- ftzl:-

(X%

Fo

43,21
(42. 80, 43. 85))

. 0000020

. 0001lc05




TABLE B-10

FLAMMABILITY PROFPERTIES - MATERIAL NO. 8
Window Reveal, PSU
Horizontal Sample

Variable (unit)

HEAT FLUX [Btu/(ft% sec)]

1,23 1.94 2. 82 3.96 4,67
f,, (ft/sec) no .0014 . 0044 . 0070 _
(.00L13,,0014)1(.0043,.0045){(.0057,.0084)
£ (ft/sec)
u
fd ({t/eec)
tp (sec) no 77,4 34,8
l:f (sec) ]
t c {Bec) no no
t,. (sec) 574.8 313.2 383.4

(513.0,636, 0)

(262.2,343,8)

(305. 4, 461, 4)
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TABLE B-10 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO, 8

F]
HEAT FLUX (Btu/(ft".sec)]

Variable (units) 1,23 1,94 2.82 3. 96 4,67

-1
[

L Epart/[sec-ftz}: 48,

L [pnrt!sec-ftzﬁ
2

rh[Btu;’[uectIt 1 3,21

rfﬂ-ICNJ|| [Ib/(sec- ftz}:

r (HF) (Ib/(sec- £7)) .0000017
r (HC1) [1b/(sec- ££7)] , 0000012
£ (CO) [1b/(sec- £27)] 0.0

:ftsczl [1b#lsec-ft?‘}}
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TABLE B-11

FLAMMABILITY PROPERTIES - MATERIAL NO, 9

Window Reveal, PSU

Vertical Sample

. 2
HEAT FLUX [Bta/(ft™-sec)]

Variable (unit) 1,32 2.20 3. 08 4,41
£, (it/sec) no L0014 . 0039 . 0080

(.0011,.0019)|(.0032,.0045){(. 0077,.0083]
fu (ft/sec) no L0022 . 0056 .0143

(. 0009,.0034}r:.oo43,.0067) (.0139,.0147)
£, Ut/sec) no L0013 ' , 0050 . 0091

(. 0008,.0018)!{.0028,.0071}|(.0083,.0098)
t, (sec) 91. 3

(87. 6, 98. 4)
t-f (sec) 3,9 3.7 2.4
(3.6,4.2) (8.4, 9.0) (1.8,3.6)

tpc (sec) no > (00
tg. (sec) > 600 04. 0 257. 4

Jit244,8,270,0)




TABLE B-11l(Continued)

FLAMMABILITY PROPERTIES - MATERIAL NO, 9

z
HEAT FLUX [Btu/({ft"-sec})]

Variable {units) 1,32 2,20 3. 038 I R
' 2 .-
T (part/(sec- )] 60. 80
£59.91,61.77)
r  [part/sec- ftz}-i
ss 4
> 2.07 1,82 ;

rh[BmHsec-ﬂz)}
rf{HCN} [Ib;“[sec-ftz 1]
rf{HFJ [lb.-‘(ser:-ftzl]
r{HCl) {lb/(sec: f‘;aij

rIICD} [1b/{sec- ftz,‘:'

rf{SOZI (lb/{sece 1:213

{1.69,1.93)

¥}

(¥ 3)



TABLE B-12

FLAMMABILITY PROPERTIES - MATERIAL NO. 9
Window Reveal, PSU

Horizontal Sample

HEAT FLUX [Btu/(ft sec))

Variable (unit) 1,23 l.94 2.82 3.96
.tb(ftlam:} no L0014 . 0033 . 0051
{.0023,.0043) (. 0049,.0052)

{f (ft/sec)

u

Id {ft/sec)

tp (sec) no no no

t; (sec)

tpc (sec) no no no

t; (sec) 598. 8 417.0 403.2
(521.4,675.6) 1(391.8,439,8) |(378.6,427.8)
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TABLE B-12 (Continued)
FLAMMABILITY PROPERTIES « MATEZRIAL NO, 9

HEAT FLUX [Btu/(ft5 sec)]

Variable (units} 1.23 1. 94 2.82 I’ 1. 96
]
i
3 i
r ¢ (Part/(sec: £t°)] 21.35 42,28 42,48
(39. 07, 44. 45} k36. 53, 45. 72)
r [part;’aec-ftZ]]
85
e |
rh[Btuf(necut 1 2,04 2. 76 { 2.22

(2.56,2.98) (2.04, 2, 24)

rftHCN} [lbftaec-ftz}]
r (HF) [lb!lsec'ftzi]
r {HCl) [1bf’{5sc-ft2}]

r (CO) tlbf:sec-ftz)j

:f[son [lb.f{sec-fta}]

b—

o
L
Go



FLAMMABILITY PROPERTIES - MATERIAL NO. 10
Window T ransparency

TABLE B-13

Vertical Sample

Variable (unit)

HEAT FLUX [Btuf(ftz- sec)]

1.32 2.20 3,08 4,41 5,29
£ (ft/sec) . 0022 . 0050 .0090
(.0019,.0024)|(. 0045, .0054)|(. 0088, .0093)
£ (ft/sec) . 0049 . 0086 . 0154
(. 0048,.0050)|(. 0068, .0094)|(. 0147, .0161)
£, (tt/sec) L0017 . 0042 . 0090
(. 0037,.0047)|(. 0083, .0097)
tp (sec) 57.6 25.8 15.6
(46.8,70.2) (25.2,26.4) | (12.0,16.8)
t, (sec) 1.6 5.4 2.4
(1.2,1.8) (4. 8, 6. 0)
tp: (sec) no
ty, (sec) 300.6 303.6 163.8
(288.0,313.2)((299. 4, 312. 0)
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TABLE B-13 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 10

HEAT FLUX [Btu/(ft% sec)]

Variable (units) 1,132 2.20 3,08 4,41 5,29

r_, (part/(sec- %)) 37.29 66. 51
(34. 82, 39. 99)
T [part."se‘c-ﬁ.z}]
as
2
rh{BmHsec-n 1 7. 67 11,066

(7.30,8.08)
rf{HCNJ [Ibf[uec-ftz}]
r{(HF_I Cl‘bﬂsec'ftz]]

r (HC1) [Ib/(sec- %) . 0000098

r (CO) (1b/(sec- 1t7)] . 0002844

rfrsoz} [1bﬂsec-n3:]
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FLAMMABILITY PROPERTIES - MATERIAL NO,

TABLE B-14

Stowage Bin
Horizontal Sample

11

HEAT FLUX [Btu/(ft% sec)]

Variable (upit) .23 1.94 2.82
{h{ﬁ;‘ec) L. 0155
(.0141,.0181)
fu (ft/sec)
iy (ft/sec)
tp(nec) 23.4 13.8
(22. 8, 24.0)
t (sec) 2.4 1.2
(1.2,3.6) (0.6,1.8)
tpc {sec) 87.6 274.8
(79.2,97.8) | {264.6, 284.4)
te (sec) 128, 4
(107.4,151.2)
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TABLE B-14 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO, 11

HEAT FLUX [Btu/(ft% sec)]

Variable (units) 1,23 l.94 2.82

T (part/(sec- itz)]

Toe (part/sec. t° )]

5.43

rh[Btu/(lec-Itz]]
(4.34,6.88)

rf(HCN} (1b/(sec. ftzl:]
T (HF) [1b/(sec- £t2)]
r (HC1) [1b/(sec- ££%))
r (CO) [lb.f'[sec-ftz)]
f

2,(50,) [1b/(sec- £7)]
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FLAMMABILITY PROPERTIES -~ MATERIAL NO.

TABLE B-15

Upper Ceiling Fanel
Horizontal Sample

12

Variable (unit)

HEAT FLUX (Btu/(ft> sec))

1,23 1,94 2,82 3,96 4, 67
fh(ft‘;‘lcc} L0106 .0213 . 0415
(.0096, .0111)|(.0177, .0252)|(, 0309, .0521])

fu (ft/ sec)
fd (ft/sec)
tp (sec) 46. 8 19.8 12,6 4.8

(45.0, 48.0) (17.4, 21.6) | (11.4, 13.8)
t (sec)
t e (sec) 141, 6 63.6 130.8
P (127.8, 154,8)| (60.0, 67.8) | (96.6, 154, 8)
t (sec) 208.8 75.0 97.8

(186.6,252,6) (73.8, 76.8) |(94.2, 104, 4)
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TABLE B-15 (Continued)

FLAMMABILITY PROPERTIES - MATERIAL NO, 12
HEAT FLUX [Btu!tf:z»ucn
Variable (units) 1,23 1.94 2,82 3,96 4, 67
L part/(sec- £t2)) 84.50 63.17
[52.88,107.18) |(51.2, 81.26)
LI [part:‘sec-fta,]] 75,52
5.54 4.76

r'h[ Btu/(sec- ftz)]
(4.09, 8.03) | (2.67, 8.45)

T (HCN) (1b/(sec- £:)]

r (HF) [1b/(sec- 2)] . 0000162
r (HC1) [1b/(sec- £t7)] . 0000074
. 0000380

r{CO) {1b/(sec: ftz}]

7(SO,) [1b/(sec- £:%)]
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TABLE B-16

FLAMMABILITY PROPERTIES - MATERIAL NO, 13
Lower Ceiling Panel
Horizontal Sample

HEAT FLUX [Btu/(ft% sec)]

Variable (unit) 1.23 1.94 2,82

N (ft/sec) L0166
.0082, .0417)

f (ft/sec)

u

fd (ft/sec)

tp (sec) 7.8

t {sec)

t__ (sec) 121.8

pc

t (sec)
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TABLE B-17

FLAMMABILITY PROPERTIES - MATERIAL NO. 15
Seat Upholstery and Foam Pad
Horizontal Sample

Variable (unit)

HEAT FLUX [Btu/(ft% sec))

1,23 1.94 2,82 3,96
.fh{fta"ler:) . 0040 L0115 L0764 0556
(. 0029, .0054}(.0109, .0121)|(.0439, .1389)
f (ft/sec)
u
fd (ft/sec)
tp (sec) no 43,2 6.2 2.7
(42.6, 43.8) | (6.0, 6.6) (2.4, 3.0)
tf{-e:}
tpc (sec) no
t.l'c (sec) 181.8 109.8 184,2 309.6

(123.6,261.6)

(102.6, 116, 4)

(174.6, 197.4

(291.0, 327, 6)
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TABLE B-17 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 15

[Btu/(ft% sec))

HEAT FLUX
Variable (units) 1.23 1.94 2.82 3.96
r, [part/(sec %)) 10,25 17.06 17.89 7.09
(5.58, 13.71)|(16.15, 18, 17)|(17.16, 18.54) | (6.82, 7.42)
Tes Epnr:;’:ec-ftzi]
ry(Bea/ (sec- £2%)) 2,03 2.59 3.78 2.63
(1.62, 2.27) | (2.57, 2.62) | (3.34, 4.07) | (2.56, 2.72)
r (HCN) [1b/(sec- £t2)] . 0000062
r,(HF) [1b/(sec- £t°)]
r (HC1) [1b/(sec- £t%)) . 0000084
.0001298

r,(CO) [1b/(sec- )]

:-IISOZJ (1b/(sec ftz)j
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TABLE B-18

FLAMMABILITY PROPERTIES - MATERIAL NO. 15

Seat Upholstery and Foam Pad
Vertical Sample

Variable (unit)

HEAT FLUX [Btu/(f:%. sec))

1,32 2,20 3,08 4,41
fh(ftfle:}
f (ft/sec)
u
fd {ft/sec)
t_(sec) 10.8
P (9.0, 13.2)
te (sec) 3.6 4.8 0.6
(2.4, 4.8) (3.6, 5.4)
t_ (sec)
pc
to (sec) 189, 6

(187.8, 190, 8)
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TABLE B-18 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO, 15

2
HEAT FLUX [(Bta/(ft"*sec)]

Variable (units) 1,32 2.20 3,08 4, 41
r,, (part/(sec. 7)) 12. 38
L [partr’sec-ftzj]
rhtamf(sec.ftz,\j 3,41
r,(HCN) [1b/(sec- £t%)] . 0000034
* (HF) [1b/(sec- £t°)]

r (HC1) [1b/(sec- £t%)] .0000117
r(CO) [1b/(sec- £t7)] .0001052
r(sO,) [lbf{aec-f.tz)]
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TABLE B-19

FLAMMABILITY PROPERTIES - MATERIAL NO. 16
Seat Upholstery and Foam Pad

Horizontal Sample

HEAT FLUX [Btu:’{ftz- sec))

Variable (unit) 1,23 1.94 2,82 3.96
L, (ft/sec) . 0209 L0616
(.0198, .0219)|(. 0397, ,0758
f (ft/sec)
u
{d (ft/sec)
tp (sec) 17.4 5,4 4,2
(16,8, 18.0)| (4.8, 6.0) (3.6, 4,8)
tfllel:]
t?c (sec)
e (sec) 142,58 181.8

(142.8, 208.2)
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TABLE B-19 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 16

HEAT FLUX [Btu/‘(ftz- sec))

Variable (units) 1.23 1.94 2. 82 3 94

24,76 14,40

Tt Epart;’{uc-ftz}]
. (19,70, 29.83) {(12.59, 17.90)

Tis [part!sec-ftzjj
rh{BtuHs:c- ftz)] 4, 64 5,62
(4.46, 4.83) |(5.17, 6.38)
r(HCN) [1b/(sec. %)) . 0000096
r (HF) [1b/(sec- £t7)]
r (HC1) [1b/(sec- £t°)]

r (CO) [1b/(sec- ££2)] . 0000499

rf(SOZ} (lb/(sec- ftzlj
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TABLE B-20

FLAMMABILITY PROPERTIES - MATERIAL NO, 16
Seat Upholstery and Foam Pad
Vertical Sample

HEAT FLUX [Btu/(ft%. sec))

Variable (unit) 1.32 2,20 3,08 4, 41

ih (ft/sec)

{f (ft/sec)
u

fd (ft/sec)
t.p (sec) 5.4
(4.8, 6.0)

t; (sec) 3.6 1.2
(3.0, 4.2)

t__ (sec)

pc

tee (sec) 144, 6
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TABLE B-20 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 16

HEAT FLUX [Bm!{hz- sec}]

Variable (units) 1.32 2,20 3.08 4,41
Tt [part/(sec: ftz)] 16.74
T [part/aec—ftzl]

a8
r, [Btu/(sec- %)) 7.47
r (HCN) (1b/(sec- £:7)] . 0000047
,

rf[HF) [1b/(sec-£t°)]
r (HC1) (1b/(sec- £t%)] .0000102
r(CO) [Ib/(sec- ££2)] .0001971
r(SO,) [1b/(sec- ££%))
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TABLE B-21

FLAMMABILITY PROPERTIES - MATERIAL NO. 17
Seat Upholstery and Foam Pad

Horizontal Sample

Variable (unit)

2
HEAT FLUX [Btu/(ft™ sec)]

1,23 1,94 2,82 3,96
ih(f.thec) .0084. .0248 L0441 L0463
(. 0082, ,0087)(.0198,.0298)[.0397, .0463)
f (ft/sec)
u
fd (ft/sec)
tp (sec) 31.8 22,2 8.4 3,0
(19,8, 24.0) (1.8, 4.8)
tf(sec:'
t_ (sec) > 600
Pc
te (sec) 235,2 268.8 236, 4

(120.0, 350, 4)

(205.8, 278. 4
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TABLE B-21 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO. 17

HEAT FLUX [Bmf(fhz-sec 11

Variable (units) 1.23 1.94 2,82 3,96
r, . [part/(sec. 1t?)] 4, 47 5, 41 6.28
(2.37, 5.19) (3.94, 7.60) (3,68, 8,69)
Tes [pa.rtfset:-ftz,’]
2.4
rh[Btu!{aec-ft 1] 2.05 2,25 3.98
(1.76, 2.15) | (2.22, 2.29) (3.41, 4,40)

r (HCN) [1b/(sec- t%)] .0000030
T (HF) [1b/(sec- £t°)]
r (HC1) [1b/(sec- £t°)] 0.0

. 0000106

r(CO) [1b/(sec- 2t2))

7,(80,) [1b/(sec- £6%)]
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TABLE B-22

FLAMMABILITY PROPERTIES - MATERIAL NO, 17

Seat Upholstery and Foam Pad
Vertical Sample

HEAT FLUX [Btu/(ft%: gec)]

Variable (unit) 1.32 2,20 3,08 4,41 5.29

Ih {ft/sec)

fu (ft/sec)

fd {ft/sec)

tp (sec) 7.8 2.1
(7.2, 9.0) (1.8, 2. 4)

t (sec) 7.8 4,2

t_ (sec)

pe

te (sec) 190, 8
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TABLE B-22 (Continued)
FLAMMABILITY PROPERTIES - MATERIAL NO, 17

HEAT FLUX (Btu/(ft% sec))

w

.29

Variable (units) 1.32 2.20 3,08 4. 4]
Tt [part.’(tec-ftzj] 8.31
r [paru’lcc-ftzl]

8B
2

rh[Bbuf(sec-ft )]
r (HCN) [1b/(sec- £12)] . 0000036
r (HF) (15/(sec- t%)]
r (HC1) (Ib/(sec- t2)] 0000015
£, (CO) [1b/(sec- ££7)) .0001493

r,(S0,) [1b/(sec- £:7))




TABLE B-23
VALUES OF tpe FOR SEVERAL MATERIALS

Material Specimen Material Mean Value of t, . in Seconds
Number Orientation Usage (lower limit, upper limit)
3 Vertical Sidewall Panel 12.6
(10.8, 15.6)
7 Vertical Sidewall Panel 14,4
(11.4, 17.4)

8 Vertical Window Reveal, 1.4
Passenger Service Unit (1.2, 1.8)

8 Horizontal Window Reveal, 1.4
Passenger Service Unit (1.2, 1.8)

9 Horizontal Window Reveal, 2.4
Passenger Service Unit (1.2, 3.6)

10 Vertical Window Transparency 2.4
(1.2, 4.8)

11 Horizontal Stowage Bin 2.3
(1.8, 2.4)

12 Horizontal Upper Ceiling Panel 6.6
(2.4, 9.0)

13 Horizontal Lower Ceiling Panel .7
(1.2, 1.8)

15 Horizontal Seat Upholstery and 2.4
Foam Pad (1.8, 3.0)

16 Horizontal Seat Upholstery and 1.4
Foam Pad (1.2, 1.8)

17 Horizontal Seat Upholstery and 1.4
Foam Pad (1.2, 1.8)
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APPENDIX C

OBTAINING SMOKE EMISSION RATE
IN "PARTICLES' PER UNIT AREA PER UNIT TIME
FROM SPECIFIC OPTICAL DENSITY DATA

The optical density, D, of a smoke layer is defined as

100

T (C-1)

D= logm

where T is the percent of light transmission over the layer thickness. The

smoke '"concentration'' is related to the optical density by the equation
D = kSL (C-2)

where k is a proportionality constant, S is the smoke concentration, and L
is the length of the light path over which the transmission is T. A concen-
tration of one ''"particle' per cubic foot is arbitrarily defined as that amount
of smoke which, if contained in a one cubic foot volume, would reduce the
light transmission by 10% over a path length of one foot [see Reference 2 in
Section 2]. The value of k based on Equations C-1 and C-2 is then

100

k = loglo"@‘a‘ = 0, 04576 (C-3)

when S is in units of particles per cubic foot. The relationship between the
percent light transmission and the concentration in particles per cubic foot
is

100 100
loglo T = (loglo 30 )SL . (C-4)

This equation can be rewritten as

SL
T = 100 (.9) . (C-5)

Over a path length of one foot, the percent transmission for a concentration

of one particle per cubic foot would be 90%; for two particles per cubic foot,
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the transmission would be 100 (. 9)2 or 81%; for three particles per cubic

foot, the transmission would be 100 (.9)3 or 72.9%; etc.

mazx

The maximum specific optical density, DS , 1s computed from the
OSU Combustion Analyzer by the equation
max 1 S 100 . .
- ——— o I -
Dg * AL C-)f v logy (T (C-6)

where A is the area of the specimen burned, V is the rate at which gas moves
through the chamber in units of volume per unit time, and 1:b is the time of

burning. Combining Equations C-1 and C-2 and substituting into Equation

C-6 yields
max 1 tb '
= — -7
DS s f V(t) kS(t)L dt s (C )
(9]
or .
k b,
p max . X S vt)si)at . (C-8)
s A g

The product V(t) S(t) is equal to the rate at which smoke is passing out of the
chamber in particles per second. Thus, the integral in Equation C-8 yields
the total number of particles produced, PT' The equation for the maximum

specific optical density becomes

max k = . (C-9)

The emission rate of smoke pPer unit area, r , is the total number of particles
S

emitted divided by the specimen area and the burn time; that is,

r = e (C-10)

oy
ut
ot



Combining Equations C-9 and C-10 yields

r = T . (C-11)

Thus, T in units of particles per unit area per unit time can be found by
dividing the maximum specific optical density by the burn time and by 0.04576,
the value of k.






APPENDIX D

OBTAINING TOXIC GAS EMISSION RATES FROM
NBS SMOKE CHAMBER DATA

The concentration of toxic gases in the NBS Smoke Chamber is
measured in parts per million by volume. The DACFIR Model employs toxic
gas release rates in units of mass (pounds) per unit area (ftz} per unit time
(sec). This appendix presents the derivation of the method of estimating the
toxic gas release rate from the measured gas concentration in the NBS

Chamber and the burning time as measured by the OSU Combustion Analyzer,
The ideal gas law gives the equation of state of a gas as
PV = n RT (D-1)

where P is the pressure, V is the volume occupied by the gas, n is the
number of moles, R is the universal gas constant, and T is the absolute
temperature, The number of moles of the gas is equal to its mass in
grams, m, divided by the gram molecular weight of the gas, W. Equation

D-1 then can be rewritten as

m = T : (D-2)
The number of molecules of a gas, N, is given by the equation

N:No(-%—) (D-3)
2

3

molecules per gram-mole).

where No is Aragadro's number (6,023 X 10
Thus in the NBS Smoke Chamber the number of molecules of a particular
toxic gas, N , is
m
N =N_(=£ (D-4)
g

where m is the mass of the toxic gas in the chamber in grams and W
is molecular weight of the gas. The concentration of the toxic gas in parts
per million, C(ppm), is defined as the number of molecules of the toxic

gas of interest per million gas molecules in the chamber, That is,
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N Mg 46
C(ppm) = 2 10 (D-5)
(N,/108) ~ N

where Nt is the total number of gas molecules in the chamber. The total
number of gas molecules in the chamber is approximately equal to the
number of air molecules, Na’ in the chamber before the test began, With

this approximation
N 6
C(ppm) :T\?g' 10° . (D-6)
a

The number of air molecules in the chamber prior to the test is, according
to Equations D-2 and D-3,

PI‘VC
=N —=C -7
N, =N_ RT. (D-7)

where VC is the volume of the chamber and Tr and Pr are the room
temperature and pressure, respectively, Substituting Equations D-4

and D-7 into Equation D-6 yields

m RT 6
10 . (D-8)

C(ppm) = mis—
g r c

According to this equation the mass of the particular toxic gas in the chamber
at any time is then

WPV C
gp r‘ CC(ppm) -6

- . D-
mg RTr 10 (D-9)

The following values can be substituted into Equation D-9,

3 5 3
18 ft~ = 5,097 X10~ cm

v =
© 6 2
Pr = 1l atm =1,013X10 dynes/cm
7
R = 8.32X10 ergs/(mole - “K)
Tr = 72,40F =295,6 0K

The result is

m, = 2.0994 X10™° C (ppm) Wg . (D-10)

The emission of the toxic gas per unit area, R', is found by dividing m

by the area of the specimen, 42,26 cmz.
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R!(g/cmz):4.96?8 XIO‘T’ C(ppm) Wg (D-11)

When the units of R' are converted from grams per square centimeter to

pounds per square foot, Equation D-11 becomes
( 2) ) -6
R'\ lbs/ft" )= 1.0180 X 10 C(ppm) Wg . (D-12)

This equation can be used to compute the amount of a toxic gas emitted per
unit area of the specimen in the NBS Smoke Chamber when the peak concen-
tration of the gas in the chamber is known in parts per million, This
quantity is then divided by the burn time of the specimen to obtain the

average release rate per unit area for the toxic gas,
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