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ABSTRACT

A study was made of the burning characteristics of some 140 different
materials for the purpose of obtaining technical data and criteria needed
to support current efforts to improve existing Federal Air Regulations
governing the use of cabin interior materials in aviation, '

Comparative tests were conducted on two groups of materials; one
congisting of materials now in use in air transport, and the second
materials proposed for future use with superior fire resistance. Measure-~
ments were made of ignition time, burn and char lengths, flame-out time,
burn rate, heat of combustion, flame-spread index, etc. Two standard
laboratory test methods were employed; namely, (1) Federal Standard
CCC-T-191b, Test Method 5902, Vertical Burning Apparatus, and (2) Federal
Standard 00136b (ASTM E-162), Radiant Panel Apparatus.

Results of the tests were analyzed to indicate major flammability
trends for different material classifications., Practical allowable
flammability limits based on available materials technology were
recommended for increasing the present fire protection requirements
of interior materials,
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INTRODUCTION

Purpose

The test program covered by this report is part of a continuing
project effort first initiated in 1963 to investigate possible fire,
smoke, and toxic gas hazards resulting from the use of combustible
interior cabin furnishings and construction materials. This particular
phase of the project was concerned primarily with a study of the
flammability and burning characteristics of individual materials by
means of standard laboratory test methods and procedures. Fire tests
were conducted on two large groups of materials for comparison in
performance. The first group consisted of materials typical of those
in current use in aviation, while the second group consisted primarily
of newer or experimental materials that are more representative of the
current state of the art of materials techmology.

The findings presented in the report were intended to provide
background information and criteria needed to support current efforts
by the Federal Aviation Administration (FAA) in cooperation with the
aviation industry to improve and update regulations governing the use
of safer cabin interior materials in aircraft as part of general
revisions of the Crashworthiness and Passenger Evacuation Standards -
Transport Category Airplames. Specific goals of the program were to
establish appropriate test methods and set realistic flammability
limits covering the entire range of cabin interior materials.

Background

Since much of the interior comstruction and furnishings of
airplane cabins are not only combustible but also are contained within
the same close enviromment with passengers, the presence of a fire con-
dition may be suspected of sufficient severity to cause some concern
over safety. It is understandable that the major emphasis on fire
protection in the past would have been associated with fear of
ignition of the large quantities of highly flammable fuels carried
aboard aircraft. Major fires involving cabin interior materials
would normally be expected to originate outside the cabin from a fuel
fire spreading through the interior materials from an opening or
break in the fuselage following a crash landing and fuel spill fire
accident. In comparison, only minor significance was attached to any
possibility of severe fires originating entirely within the cabin
materials proper. WNotwithstanding this Iow incident appraisal,
regulations had been adopted to limit the degree of flammability of
interior materials to comtrollable levels by requiring the use of
materials designated as flame-resistant or slow burning. Regulations
establishing minimum standards for these materials were contained in
an early Flight Standards Service Release No. 259, dated August 26,
1947. The document established a maximum horizontal burm rate of
‘4 inches per minute for showing compliance with the regulations.
Despite recent amendments this past year, the above burn rate remains
in effect for some materials (Reference 1).




Interest in the burning characteristics of interior materials has
accelerated since 1960 with the occurrence of a series of major cabin
fires in parked jet transports (Reference 2). Losses from such
sporadic fires have been so severe as to encourage some airlines to
provide their overhaul bases with rapid means of inerting unoccupied
cabins with an extinguishing foam agent in case of internal fire
(Reference 3). As a result of past fire experience and the implied
threat to passenger safety, both Government and major airplane
companies in recent years have embarked on extensive test programs
to investigate the combustible characteristics of materials by
utilizing standard laboratory tests (References 4, 5, 6, and 7).
Supplementing evaluation tests on separate materials, full-scale cabin
fire tests were conducted on completely furnished transport cabins to
obtain a better understanding of the nature and extent of the hazards
to which passengers may be exposed (References 8 and 9). This earlier
work has been greatly expanded during the past 2 years to include other
phases of the general problems that pertain to control and extinguishment
of post-crash or inflight cabin fires (References 10 and 11).

Much of the impetus for the present increase in cabin fire research
and materials investigation designed to improve existing regulations
developed as an aftermath of the Boeing 727 crash landing and resulting
fire at Salt Lake City in November 1965. Experience gained from a
study of this accident opened up other areas of interest in fire
protection such as the smoke and toxic hazards which accompany fire
(References 12 and 13). This has led to a cooperative project effort
with the Fire Research Section of the National Bureau of Standards to
study and measure the smoke and toxic characteristics of burning
interior materials, The results of this work will be the subject of
a separate report (Reference 14).



DISCUSSION

Fire Testing

Aviation safety, following a survivable crash landing accident, may
be largely dependent on the ability of materials to resist and contain
the effects of fire. Federal Aviation Regulations Part 25 - Airworthiness
Standards for Fire Protection, specify four separate materials categories
depending upon their intended use or location in the aircraft. In order
of decreasing severity of application, these are listed as follows:

(1) fireproof, (2) fire-resistant, (3) flame-resistant, and (4) flash-
resistant. The first two categories are for materials either completely
or largely noncombustible in composition. Materials so classified are
required to show resistance to flame penetration from either the standard
2000°F - 2.0 gph kerosene torch or a Bunsen burner. Materials in this
group include metals, glass and asbestos, used either separately or in
combination with some organic binder, as with certain fire-resistant
composites. In contrast, flame- and flash-resistant materials are
primarily organic in composition and, therefore, basically combustible.
The maximum burn rate permitted under present Federal Regulation, adopted
in 1947 for rating materials designated as flame-resistant, has remained
at 4 inches per minute as tested in the horizontal position. This
regulation has made possible the use of a wide selection of plastics
which proved to be well suited to meet the demands of modern air travel
for both cabin comfort and decor. However, subsequent tests on a large
selection of cabin interior materials had shown that, for the majority
of such materials, the above burn rate figure was too lenient. With

the exception of certain types of materials, notably seat upholstery and
foam padding, most materials were found to be self-extinguishing with

a zero horizontal burn rate, Lately, in response to the greater
awareness of cabin fire dangers and also to take full advantage of the
latest developments of materials technology, a goal was set that would
require that all interior materials eventually be self-extinguishing
(Reference 15). This has already resulted in a recent revision to the
Federal Standards requiring that certain types of interior materials
used mainly for wall, ceiling, partition, and floor comstruction be
self-extinguishing in the vertical position within an 8-inch char length
(Reference 1), The improved regulations are intended to reflect gains
in fire resistance from the present state-of-the-art materials
technology. The revised standards have also eliminated the lowest
category of flash-resistant materials which permitted a burn rate as
high as 20 inches per minute for materials such as seat padding.

Choice of any one particular fire test method generally accepted as
valid for rating all materials is complicated by the extreme range and
complexity of cabin materials in relation to composition and form. For
example, interior materials may range from light weight fabrics and films
only a few thousanths of an inch thick to seat padding and complicated



honeycomb assemblies with thicknesses of 1 to 4 inches. Many

different test methods, depending on the particular type of material and
severity of application, have been devised and sponsored by both
Govermment agencies and technical societies., Standards issued by these
organizations frequently specify the same method under different
designations., An example of such universality is Test Method 5902 for
measuring char length under such various designations as: ASTM 626-55T,
NFPA Standard No, 701, AATCC Standard 34-1952, MIL-C-20696,

MIL-C-7514B (ASG), CCC-A-680a, Standard 3119 (England), DIN 53906
(Germany), etc. Since it is virtually impossible to equate the severity
of one test method with that of another for comparison, it becomes
necessary, if possible, to select a single method that will best evaluate
and cover the entire range of cabin materials regardless of type or use.
This was in accordance with past regulations which specified the use of
only one common test method for all materials designated as flame-
resistant. It should be noted that although this test method had been
designed originally for measuring the burn rate of fabrics, it was
applied equally to all cabin materials without distinction,

Major factors related to fire which may provide useful data for a
materials rating system are as follows: (1) minimum heat, temperature
and time required for ignitiom, (2) rapidity by which flames propagate
following ignition, (3) tendency for flash fire to suddenly erupt,
(4) tendency for flaming to become self-extinguishing upon removal of
the ignition source, and (5) rate and total heat generated by the
combustion process. Other factors of increasing interest to aviation
safety are measurements of smoke and other combustion product
concentrations as these affect either visibility or indicate a toxic
hazard. -

The single most significant factor listed above in considering
improved standards is that of the ability of the material to become
self-extinguishing within both a short char lemgth and rapid flame-
out time following removal of the ignition source. Laboratory tests
utilizing a small ignition source such as a Bunsen burmer flame on
which present regulations are based have been supplemented with other
test methods utilizing a much larger source of heat including radiant
and convective which would be more representative of an actual cabin
fire environment. Materials at elevated temperatures are known to
be much more flammable than that indicated by the Bunsen burner tests
under normal ambient temperature conditioms typical of an incipient
fire. A test method of the more severe type most widely recognized
by the building fire codes specifies a gas-fired, 25-foot long tunnel
for rating materials (Reference 16). The radiant panel test method
(Reference 17) used in this investigation was designed to simulate
the severity of the tunnel and provide more conmveniently the same
type of flame-spread index data. In additiom to the comparative
laboratory tests on individual materials, it is desirable that
materials be evaluated on location under conditions typical of full-
scale fire. The results of such tests will be contained in separate
reports to be presented at a later date.



Materials Description

A total of nearly 150 materials designated as cabin interior
materials and listed in Table I of the appendix were investigated for
their flammability and burning characteristics. For purposes of
analysis and comparison, the materials were divided into five main
classifications based on use and physical structure: (1) fabrics,
(2) rugs, (3) sheets, (4) laminates, and (5) assemblies. For better
identification, each of the above classifications were subdivided as
follows: (1) coated and uncoated for the fabrics, (2) padded or
unpadded for the rugs, and (3) rigid, semirigid or flexible for the
sheets and laminates.

Materials numbered below 100 are listed as Group I in the table
containing 76 materials. These were obtained from four different
suppliers comsisting of two major commercial airplane companies, one
airline, and one seat manufacturer. As such, the list should con-
stitute a representative cross section of materials in current use
in air transports. Materials numbered above 100 are listed as
Group II containing 65 materials. These were obtained directly from
materials manufacturers including most of the major chemical companies
among the total of 24 different suppliers. For purposes of this test
program, the latter group of materials were considered experimental
and representative for the most part of recently developed materials
with superior fire resistance.

The chemical compositions listed for the materials were obtained
by the National Bureau of Standards by utilizing mainly infrared
spectrophotometer techniques supplemented by manufacturers' data when
available. The most striking feature in the compilation of the data
in Table I is the extreme variation between different materials not
only in physical properties but also in chemical composition. Almost
all of the materials were composed either entirely or in part of
organics and were thus combustible to some degree. Most of these
organics were synthetic in origin.

The most typical plastics encountered in the analysis of the
materials were the vinyls, acrylics, and acrylonitrile/butadiene/
styrenes (ABS). Of special interest were the more recently developed
high temperature polymers: namely, aromatic polyamide, polyimide,
polycarbonate, polysulfone and the fluorocarbons (References 18 and
19). Also, Group II, consisting of the newer and more fire-resistant
materials, is distinguished from the first group by the greater use
of noncombustibles in the construction of the materials.



Equipment Description

Vertical Flammability Test Method Apparatus: This apparatus is
used in Federal Specification CCC-1-191b, Method 5902 (and 5903T), and is
shown by photograph in Figure 1. The essential parts of the apparatus
consist of a Bunsen burnmer ignition source, a ventilated metal cabinet
to provide a draft-free enviromment, a rigid specimen holder to assure
rigid specimen support, a set of weights and a timer. The Bunsen burner
was fed from a tank of compressed synthetic gas of known composition
(H2 - 55%, CHg - 24%, CO - 18%, CoHg - 3%) and heat content of 540 Btu
per cubic foot at standard atmospheric conditioms. Method 5903T differs
from Method 5902 only in that the composition of the gas is specified,
instead of being optional, and as such represents the latest revisiom to
the basic test method.

Radiant Panel Flame-Spread Method Apparatus: This apparatus is
used Tn Federal Standard No. O0T365 (ASHLE-T6Z) and is shown by photo-
graph in Figure 2. The essential parts of the apparatus comsist of a
gas-fired porous refractory panel heat source, an acetyleme pilot torch
ignition source, a specimen holder, a temperature instrumented stack,
and a timer., A brief description of the major parts of the apparatus
follows:

Radiant Panel = This provides a radiant heat source
envirooment to the burning test specimen. The panel consists of a
porous refractory ceramic surface fed from the rear with a premixed
propane/air supply. Combustion is nearly completed within the pores
of the ceramic panel providing & uniform black body glow temperature
of 1238°F over the emtire panel area measuring 18 by 12 imches. A
radiation pyrometer shown in the photograph is used to adjust the
correct operating temperature of the panel,

Pilot Burner -~ This provides a flame to force ignition at
the top of the specimen. The burner consists of a short length of
1/8=inch I.D, stainless steel tube with a porcelain nozzle attachment.
The burner is fed with acetylene premixed with air and the flame
adjusted to a length of 2 to 3 inches.

Specimen Holder - This provides a rigid support for the
test specimens and consists of a frame with a clamping arrangement.
Overall size of the holder is 19-3/8 by 6-1/4 inches, allowing an
exposed surface of 17-5/8 by 5-1/4 inches. The holder is inclined at
an angle of 30 degrees away from the radiant pamnel which is in a
vertical position. This method of mounting assures a graduated heat
flux from top to bottom of the test specimen im the ratio of about
10 to 1 with a maximum value of about 3.0 Btu/ftZ2/sec. Markings on
the holder at 3-inch intervals are provided for timing flame
propagation.
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Instrumented Stack - This provides the means for measuring
the heat rise in the exhaust stack caused by the combustion of the test
specimen., Eight chromel-alumel thermocouples connected in parallel are
placed in the stack to provide an average air temperature which is
recorded continuously during the entire test. Airflow through the stack
is provided by a centrifugal blower rated at am initial minimum velocity
of 100 feet per minute (250 feet per minute hot).

Laboratory Tests and Measurements

Vertical Flammability Test Procedure:

1. Three specimens, 12 by 3 inches, were cut from the
same sample material lengthwise to the most critical burning dimension,

2. The specimens then were placed im a conditioning chamber
for at least 12 hours set at a relative humidity of 50 percent and a
temperature of 70°F,

3. One specimen at a time was removed from the conditioning
chamber, clamped in the holder, placed imside the cabinet, and hung
vertically from a horizontal bar. The specimen was positioned so that
its edge was three-fourths of an inch directly above the center of the
burner barrel. The burner was adjusted to a height of 1-1/2 inches
with no premixed air and then slid into position by means of the handle
attached to the burner to start the test, The specimen was exposed to
the burner flame for 12 seconds only.

4, Ignition time was measured from the instant the burner was
placed under the specimen until the time the specimen began to flame or
until a definite change was observed in the size and color of the burner
flame.

5. Total flaming time was measured from the instant flaming
was observed until the time that flaming ceased.

6., Flame-out time or flame time was measured from the instant
the burner flame was removed until the time flaming of the material
ceased,

Materials which flamed out before the burner was removed
are shown in the data with minus (-) readings to indicate this event.
Flame-out time is one of the most important measurements specified by
this particular test metheod, the other being char length,

7. Glow time was measured from the instamt flaming stopped
until the time the specimen ceased to emit light.



8. Burn lemgth was measured as the total length of the
specimen exhibiting some physical change resulting in structural damage
or color change apparent to the eye. In the case of the more flammable
materials with a well defined flame fromt, burn length may be measured
visually by observing the maximum distance of flame propagatiom.
Specimens which did not burn completely (less than 12 inches) were
classified in the test data as self-extinguishing while complete burning
was denoted by an X.

9. Char length was measured as the total length of the
specimen exhibiting essentially total destruction of some portiom of the
body or surface area of the material as evidenced by melting or carbon
formation, A pointed probe similar to a ball point pen was used to dig
into the carbonized surface to determine the limits of char formation.
Char length as determined above would always be shorter tham burn length
since it represents the more heavily damaged part of the material.

For uncoated fabrics, char length was measured in
accordance with standard procedures by measuring the total tear length
obtained by supporting a known weight by one edge of the damaged speci-
men as specified by the test method. For coated fabrics with glass,
asbestos, or metal backing which resisted fire, char length was measured
over the surface area of the organic coating which was completely
destroyed., It should be recognized that for many of the materials, char
measurement could be influenced by persomal choice. Thus, a more liberal
measurement of char length by one experimenter could approach that of the
corresponding burn length by anmother.

10. Maximum flame height was measured as the maximum height of
the flame observed during the entire duration of the test. The ceiling
height of the chamber limited the measurements of the more flammable
materials as indicated in the test data.

11. Burn rate was calculated by dividing the burn length by
the total flaming time including the 12-gsecond burmer exposure time,

12. Smoke, odor and other burning characteristics of the
specimen were noted and recorded.

Radiant Panel Flame-Spread Test Procedure:

1. Three specimens, 18 by 6 inches, were cut from the
sample material lemgthwise to the most critical burming dimensiom.

2. The specimens prior to fire testing were conditioned as
in Test Methed 5903T.

3. A calibration of the apparatus was made to determine
proper operating temperatures and airflow.

10



4. The specimen covered by a l-inch mesh poultry netting
for mechanical support was next placed in the holder. A 1/2-inch thick
asbestos millboard was then placed in the holder for backing up the
specimen with a 1/2-inch air gap separating the specimen from the
millboard.

5. The pilot burner was ignited and adjusted to proper length
and intensity.

6. The specimen holder was next placed imto position with the
pilot flame to initiate the fire test.

7. Ignition time was measured from the instant the specimen
was placed in contact with the pilot flame until the time flaming of
the specimen was observed. For materials that did not show a definite
flame pattern, ignition time was measured by noting the occurrence of
an increase in the size of the pilot flame or change of color.

8. Total flaming time was measured for the periods of time
when flaming of the specimen was visible to the eye.

9. Maximum flame propagation was measured by observing the
farthest penetration of flame down the length of the specimen, as noted
against the scale engraved on the side of the holder. Flaming extending
beyond the 15-inch mark was indicated by am "X" to denote that it was not
self-extinguishing.

10. Glow time was measured from the instant open flaming
stopped until the time the specimen ceased to emit light,

11. Total burning time or test duration was measured from the
imstant the specimen was placed in front of the radiant panel until the
time the specimen was removed at the end of the test. The test was ter-
minated when flame propagation reached a distance of 15 inches or, failing
this, when complete charring of the specimen became evident. Low
flammable materials were exposed to the radiamt panel for a total exposure
of 15 minutes before termination of the test.

12. Char length was measured as in Test Method 5903T and
represented essentially tetal destructiom of the surface of the specimen.
Because of severe exposure to an external radiant heat source, materials
exhibited considerable charring even in the absence of open flaming by
the test specimen comtrary to the experience with Test Method 5903T.

13. Total heat contributed during the total burning time was
calculated from the area under the stack temperature-time curve
nmultiplied by the radiant panel calibration factor,

14, Maximum temperature rise was measured from the peak stack

temperature recorded above a baseline temperature for a totally
noncombustible specimen,

11



15. .Flame-spread factor (Fg) was calculated from flame
propagation data for 3-inch increments of distance along the specimen
length.

16, Flame-spread index (I4) was calculated from the product
of the flame-spread factor, the maximum rise in stack temperature and
a calibration factor as shown by formulas contained in Federal Standard
No. 00136b. The index scale is based on a zero rating for an asbestos/
cement panel and 100 as a representative value for untreated wood test
specimens. Thereby, a direct numerical comparison is provided for
flammability rating over a wide range.

17. Coefficient of variation for flame-spread indices was
calculated by 'standard statistical methods.

18. Smoke, odor and other burning characteristics of the
specimen were noted and recorded.

12



SUMMARY OF RESULTS

Vertical Flammability Tests

Materials investigated are described in Table I of the appendix.
The extensive laboratory test data obtaimed for the materials are con-
tained in Table II of the appendix. A summary of these data is presented
in Tables I and II and Figures 3 and &4 of the text for greater
convenience in interpreting and comparing the various test results for
different materials.

A total of 134 different materials was tested. These were
divided into two major groups with Group 1 comprising materials typical
of current usage and Group 11 comprising materials considered new or
experimental. The flammability ratings for each group are highlighted
by the following general statistical figures:

Group I - Materials Nos. 1 - 76 of which:

56 were self-extinguishing and did not burn 78% of total
completely '

53 were self-extinguishing within a char length 74% of total
of 6 inches

20 were self-extinguishing within a char length 28% of total
of 1 inch e~

47 were self-axtinguishing within a char length 65% of total
of 12 inches and a flame-out time of 30 seconds

44 were self-extinguishing within a char length 61% of total
of 6 inches and a flame-out time of 15 seconds

16 were not self-extinguishing and burned 227% of total
completely

Group II - Materials Nos. 100 - 164 of which:

62 were self-extinguishing within a char length of 100% of total
6 inches '

47 were self-extinguishing within a char length of 76% of total
3 inches

21 were self-extinguishing within a char length of 347 of total
1 inch

13
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59 were self-extinguishing within a char length of 95% of total
6 inches and a flame-out time of 15 seconds

55 were self-extinguishing within a char length of 897 of total
6 inches and a flame-out time of 2 seconds

19 were self-extinguishing within a char length of 317% of total
1 inch and a flame-out time of 2 seconds,

The totals listed above, without consideration regarding particular
material type or usage, demonstrated that interior materials were for
the most part self-extinguishing. A direct comparison of the figures
for the two groups of materials shows the superiority of the second
group consisting of the newer materials, many of which incorporate
noncombustibles such as glass, asbestos, and metal. Particularly, it
should be noted that without exception all materials in Group II were
self-extinguishing within the 6=inch char/burn requirement proposed in
NPRM 66-26.

A comparison of the flammability data for materials on an individual
basis reveals extreme variation to fire exposure as expressed by a burn/
char length and a corresponding flame-out time. In general, the thicker
and heavier solid materials exhibited the shortest burn/char lengths.

In contrast, the materials which burned most completely were the typical
upholstery fabrics, rugs, and low density foam materials which have a
relatively large surface area to weight ratio. Because of the very
limited time that specimens were exposed to the ignition source, the
higher weight and more dense materials would be expected to be favored
by this test, which was the case. Generally, short burn/char lengths
were assoclated with short flame-out times.

Table II of the appendix contains additional data related to the
combustibility of the materials. Ignition of the materials was usually
accomplished within 2 seconds, Maximum flame heights were recorded during
the fire test in addition to char/burn data. Time during which materials
glowed after the flaming ceased was recorded. More than one-third of all
materials tested exhibited some degree of glowing with eight materials
having a glow time exceeding 15 seconds. Observations were also made of
the type of smoke generated during the fire tests as related to quantity,
color, and odor. Very heavy smoke was usually observed with the thicker
and more flammable plastics. The ABS plastics produced the densest black
smoke recorded. The most acrid smoke was produced by the vinyls,
especially those that had been apparently chlorinated for greater fire
resistance, In addition, peculiar burning characteristics of the
materials such as tendency to melt, shrink, form flaming droplets,
extinguish the burner flame, etc,, were noted,
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An analysis of the performance of the materials on the basis of
separate classifications follows:

Uncoated Fabrics: Typical upholstery and drapery fabrics of
either wool, cotton, nylon, acrylic, or other types of common synthetic
construction, alone or blended, were not normally self-extinguishing
and burned completely when expoaed to the standard vertical test, For
some fibers, especially the natural types, chemical additives such as
borax and phosphate salts may have been employed to achieve some degree
of fire resistance (Reference 20). Out of 10 fabrics in Group I, only
one-half were self-extinguishing within the 6-inch char length and
4 of these were constructed of modacrylic fiber which is basically
self-extinguishing and has been used for aircraft drapery. All 13
fabrics in Group II were self-extinguishing within the 6~inch char
length and of these only 2 did not extinguish in zero flame-out time.
In addition to the more common modacrylics, this group included two
new types of high temperature aromatic polyamides. The most fire-
resistant fabric consisted of an asbestos/glass/organic fiber blend.

Coated Fabric: All fabrics in both groups were found to be
self-extinguishing within the 6-inch char length. Except for two
cotton backed fabrics, the fabrics exhibited zero flame-out time.
Typical materials in this classification were the vinyl and acrylic
surface coated glass fabrics.

Rugs: None of the six rugs in the first group constructed
of conventional fibers including wool were self-extinguishing. These
burned completely with flame-out times exceeding 1 minute. Rugs in
the second group constructed of either modacrylic (100 percent) or
aromatic polyamide fibers were self-extinguishing within less than
1/2-inch char length and 2-second flame-out time.

Sheets: Out of 27 sheets in the first group, only 7 were
found not to be self-extinguishing within the 6-inch char length
limit, All these sheets except three had a flame-out time within
2 seconds. The most flammable materials in this classification were
the foam seat padding, window transparencies, and ABS panels.

All 30 sheets in the second group met the 6-inch char
length criteria and of these only 5 exceeded the 2-second flame-out
time. Nearly two-thirds or 14 materials in this group exhibited char
lengths of less than 1 inch. Many of these materials were composed
of the more typical vinyl, acrylic, and ABS plastics found in Group I
containing halogens or various oxides of antimony and phosphorus as
fire-retardant additives (References 21 and 22), The most interesting
sheet materials tested with superior fire resistance were several new
types of high temperature plastics and two fire-retardant foams,
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Laminates: All 21 materials in both groups met the 6-inch char
length criteria. Only four of the laminates did not extinguish within
the 2-second flame-out time. The most fire-resistant materials in this
classification were the plastic coated aluminum sheets in addition to
the glass and asbestos filled plastics which were outstanding in this
respect.,

Assemblies: All 10 materials tested met the 6-inch char
length criteria and 7 of these assemblies had flame-out times of less
than 2 seconds. This classification constituted the thicker and
heavier materials and, as such, would not ordinarily be expected to
be very flammable by this test method.

Radiant Panel Flammability Tests

The materials investigated are described in Table I of the appendix.
Complete test data on the materials are contained in Table III of the
appendix. As an aid toward facilitating analysis and comparison of test
results for different materials, a summary of the data was prepared which
is presented in Tables III and IV and Figure 5 of the text.

Performance characteristics of the two separate groups of materials
are highlighted by the following general statistical figures:

Group I - Materials Nos. 1 - 76 of which:

48 were self-extinguishing 73% of total

Twenty-four of these materials (one half), however, charred completely
from heat exposure to the radiant panel in the absence of open flaming.

43 had a flame-spread index of less than 100 657% of total
26 had a flame-spread index of less than 25 407 of total
17 had a flame-spread index of less than 10 \ 267 of total
15 showed a flame propagation of less than 6 inches 237 of total
18 ;ggged a maximum temperature rise of less than 277 of total

Group II - Materials Nos. 100 =« 164 of which:

53 were self-extinguishing 90% of total

Twenty-two of these materials (about one-third), however, charred
completely from heat exposure to the radiant panel in the absence of
open flaming.
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FIG, 5 - FREQUENCY DISTRIBUTION OF FLAME-SPREAD INDEX
VALUES BY MATERIAL CLASSIFICATION - RADIANT PANEL TEST

27



30 had a flame-spread index of less than 100 85% of total

38 had a flame-spread index of less than 25 647 of total
33 had a flame-spread index of less than 10 56% of total
30 showed a flame propagation of less than 6 inches 51% of total
24 caused a maximum temperature rise of less than 100C 417 of total

The totals listed above for the materials on a group basis again
demonstrated the self-extinguishing characteristics of interior materials.
A comparison of the corresponding percentages of total materials meeting
various test criteria reveals very definitely the superiority of the
second group consisting of the newer materials. Of particular interest,
it should be noted that two-thirds of the materials in the second group
had a flame-spread index of less than 25 and did not char completely
during the 15-minute exposure to the radiant panel.

A comparison of the flammability data for materials on an individual
basis shows, as before, a very wide range in flame-spread indices and
in the burning characteristics observed. Because of the much more severe
environment provided by the radiant panel, it was possible to obtain more
complete combustion of the heavier materials which had been relatively
insensitive in the vertical tests to exposure of the Bunsen burner. In
general, the thinner materials, neglecting the effects of different
chemical compositions on flammability, should be expected to exhibit low
flame~spread indices because of the low heat factor associated with the
burning of these materials. In part, this would be offset by the more
rapid flaming of the thinner materials. However, the net effect of using
a flame-spread index system tends to favor the minimum use of combustible
materials on a weight basis in interior furnishings which would bring about
the benefit of increased cabin fire protection.

Table III of the appendix contains additional data related to the
combustibility of the materials. Very low index numbers are indicative
of superior fire resistance. Ignition of the materials usually occurred
within about 5 seconds. Some materials exhibited considerable glowing
which was almost always associated with the less combustible materials.
Materials with short burning times usually had high flame-spread indices
as would be expected. The total heat contributed by the combustion
of the materials varied widely with the chemical composition and
thickness of the materials. The highest temperatures and Btu readings
were recorded for the clear acrylic sheets followed by foam padding.
Observations were also made of the individual burning characteristics
such as tendency of the materials to flash, melt, drip, etec. Density,
color, and odor of smoke produced during the fire tests were observed
and recorded. Very heavy black, sooty smoke occurred with many of the
ABS sheets. A very acrid smoke usually light in color which frequently
snuffed out the acetylenz torch was observed with the more fire-resistant
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plastics. This effect was associated with hydrochloric acid (HC1) vapor
produced from thermal decomposition of chlorinated plastics, especially
vinyls.

An analysis of the performance ratings of the materials on the
basis of separate classifications follows:

Uncoated Fabrics: The five materials in Group I with an index of
0-10 were modacrylic drapery fabrics. This type of synthetic fiber
yielded a low index because of the absence of sustained flaming of the
material and the low heat of combustion, Materials with high indices
consisted of wool, cotton, nylon, and rayon fibers used for typical
seat upholstery. In addition to the modacrylics, the most promising
fabrics in Group II were the aromatic polyamides. These new high
temperature polymers not only yielded low indices, but unlike the
modacrylics, resisted the charring effect of the radiant panel. Both
flaming and heat contribution factors were sufficiently low for this
new type of nylon to insure an extremely low index.

Coated Fabrics: In Group I, only three fabrics had indices
exceeding 100, Responsible for most of this high index figure were
the cotton fabric backing materials. None of the six fabrics in
Group I, which as a group were the most fire-resistant of all
materials, had an index exceeding 10 or produced a stack temperature
rise above 10°C, These materials consisted in large part of the
thinly coated acrylic glass fabrics in addition to two types of
aluminized asbestos fabrics.

Rugs: A total of eight rugs was tested of which seven had high
indices of over 100 and burned completely with high flames and
temperatures to make this the most flammable classification. The
backing and foam padding of rugs were responsible for much of the
flammability of the pile. The only rug which exhibited outstanding
fire resistance utilized aromatic polyamide in the construction of
the pile. This particular rug had an index of less than 10 and
burned less than 3 inches in length.

Sheets: A total of 24 sheets in Group I and 28 sheets in
Group II was tested, Of this number, 8 sheets in Group I and
15 sheets in Group II had indices of less than 25. The most flam-
mable materials consisted of seat foam, acrylic transparencies and
various formulations of plasticized PVC/ABS sheets, Omitting seat
foam and clear acrylic plastics from consideration, all of the
sheets in Group II had indices of less than 50 except for three
materials. The lowest indices were usually recorded for the very
thin plastic films and also noncombustibles such as glass or
asbestos. Outstanding plastics with indices below 10 were aromatic
polyamide, polysulfone, polyvinyl dichloride, and the three
halogenated plastic elastometers.
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Laminates: A total of 12 laminates in Group I and 9 laminates in
Group II was tested, Of this number, six laminates in Group I and
four laminates in Group II had indices of less than 25. Moreover, all
nine laminates in Group II had indices of less than 50. Laminates with
the lowest indices consisted of plastic coated aluminum sheets. Other
laminates with a low flame=-spread index were constructed with either
asbestos or aromatic polyamide substrates.

Seat Cushion Assembly: A series of tests on eight different
combinations of upholstery fabric, ticking fabric and polyurethane foam
comprising various experimental types of seat assemblies was conducted.
Flame-spread index numbers, temperature rise, flame propagation and
other data are presented at the end of Table TIII in the appendix.
Substantial improvement was achieved in the flame-spread index numbers
and decrease in flammability by replacing the more conventional com-
ponent materials in seat cushion construction with glass/asbestos
ticking fabric and flame-retardant foam, The only goal of the tests
was to achieve optimum fire resistance., Practicability of the materials
for use in passenger seating was of secondary importance.
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CONCLUSIONS

Within the scope of the test program and an analysis of the test
results, it is concluded that:

1. Test Method 5902 (5903T latest revision) specified in recent
amendments to Federal Air Regulations (Part 25) is satisfactory for
establishing minimum self-extinguishing requirements., It is partic-
ularly useful as a convenient and relatively simple device for
effectively screening interior materials,

2. A supplemental test method is needed to establish additiomal
minimum requirements based on a flame-spread index rating system for
the heavier composite and assembly materials as these are actually
installed in the aircraft cabin.

3. Substantial increase in the fire resistance of materials has
been achieved with the development of the new high temperature plastics
in addition to advances in the use of flame-retardant additives to the
more conventional plastics,

4. Recently developed synthetic fibers now reaching large-scale
production make possible upholstery fabric and rug materials that are
basically self-extinguishing and thus capable of meeting the more
stringent requirements that were recently proposed (Notice of Proposed
Rule Making = NPRM 66=26).

5. Char length measurements obtained for materials designated
under paragraph 25.853a of the regulations indicate that the 8-inch
limit is excessive and that a reduction in char length and the addi-
tion of a flame-out time requirement would be more realistic as
originally proposed (NPRM 66=26).

6. New types of plastic sheets and laminates are available that
are self-extinguishing within a l-inch char length and a 2-second
flame-out time.

7. Flame-retardant types of polyurethane seat foam are available
that are self-extinguishing within a 6-inch char length and zero
flame=-out time,

8. High temperature polymer chemistry has made possible materials
with low flame-spread indices and low heat of combustion.

9. Very low flame-spread indices are obtained with composite
plastic materials composed in large part of nomcombustibles such as
metal, glass, or asbestos,

10, Many of the plastic materials exhibit both heavy smoke and
acrid odor,
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RECOMMENDAT IONS

Based on the conclusions reached from the test results, it is
recommended that:

1, Self-extinguishing requirements by Test Method 5902 be extended
to include materials now exempt and designated as only flame-resistant
under paragraph 25.853b of the regulations,

2. Char length requirements be made more stringent by further
limiting the maximum allowable char length.

3. Flame-out time requirements in addition to char length limits
be specified.

4. Flame-spread index requirements by the Radiant Panel Test
Apparatus be adopted in addition to self-extinguishing requirements
by Test Method 5902, This is to provide a more severe fire environ=-
ment needed to rate more adequately the heavier and composite type of
materials as used in the interior construction and furnishings of
airplanes,

5. New test methods and requirements be developed to limit the

maximum allowable smoke and toxic combustion products below hazardous
levels,
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