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FIRE PERFORMANCE GUIDELINES
FOR SHIPBOARD INTERIOR FINISH

B. T. Lee and W. J. Parker

Abstract

The present Navy fire performance requirements given
in Military Standard 1623B (SHIPS) for shipboard interior
finish provide a means for selecting fire safe materials.
However, a recent evaluation of the Navy fire safety require-
ments along with an experimental berthing compartment fire
study have suggested more rational design rules. New
guidelines are recommended to update this standard with
improved fire risk criteria.

Key words: Compartment fires; fire tests; flame spread;
heat release rate; ignition; interior finish; passive
fire protection; potential heat; smoke.

1.

INTRODUCTION

An important element of ship design is the judicious choice of materials
for the ship's interior finish and furnishings to minimize the spread of fire
and smoke. Some interior finish materials may contribute significantly to fire
development by the rapid spread of flames, by the generation of heat and smoke,
and by serving as a fire propagation link between furnishing items within the
compartment as well as between adjoining occupancies. On the other hand, there
are finish materials which do not readily contribute to room fire growth and
act instead as barriers to help confine the spread of the fire. Selection of
such fire safe materials relies on guidelines which are based on laboratory
fire test evaluation of materials.

The present Navy fire performance requirements given in MIL STD 1623B [1]1
for shipboard interior finish provide some degree of practical fire safety in
Naval ship design. However, a review of the Navy fire safety requirements and
recent research with compartment fires [2,3] along with the development of a

flammability test for deck coverings [4,5] have suggested possible revisions
to these criteria for choosing fire safe materials. This report, written at
the request of the sponsor, summarizes the development of proposed new criteria
and includes additional information from a recent study of shipboard fire
buildup [ 6 ]

.

2.

CURRENT PRACTICES

Fire performance requirements, presently used by the Navy for interior
finish materials, are stated in MIL STD 1623B [1]. This standard considers
the following three methods for evaluating the potential fire hazards of
materials

:

1. ASTM E 84 (tunnel test)

2. ASTM E 162 (radiant panel)

3. FED STD 501, Method 6411

These three methods are discussed briefly in the appendices A1 , A2 and
A3. For bulkhead and overhead sheathing, a maximum flame spread limit of 25

"''Numbers in brackets refer to the literature references listed at the end of
this paper.
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by the E 84 test [7] and some limit, depending on the material, on the smoke
developed by the same test are the only requirements for acceptance. In the
special category of overhead acrylic light diffusing panels a maximum flame
spread of 250 and a maximum smoke rating of 450 by the E 84 tunnel test are
required. For deck coverings other than carpeting. Method 6411 of the Federal
Test Method Standard No. 501 is the specified fire test. Surface char length
and combustion time, measured with this method, are used to evaluate materials.
Different sets of test criteria are given depending on the material being eval-
uated. For carpeting, a rating of 25 or less by the ASTM E 162 test [8] is
specified for acceptance. However, there is no test requirement for the carpet
to be bonded on a steel substrate as is found in practice.

3 . BACKGROUND

A broad shipboard fire research program was initiated by the Navy in 1969
to help fulfill the need for (1) an improved interpretation and application of
present test methods and/or (2) better laboratory test methods which could
provide a meaningful correlation with the observed fire buildup in compartment
fire tests. The project was structured in three phases. During the first
phase a review was made of the existing specifications for shipboard construc-
tion materials and the test methods used to determine fire performance.
Phase II of the program concentrated on fire test development. Phase III,
focusing on the compartment fire studies and on an analytical treatment of
compartment fire growth, was performed to aid in the interpretation and appli-
cation of both the laboratory fire test methods recommended under phase I and
the tests developed under phase II of the program.

3.1 Review of Navy Shipboard Fire Risk Criteria (Phase I)

A survey was made of the existing Navy specifications on construction
materials and on the laboratory test methods used to evaluate the fire behavior
of these materials [2]. The review indicated that a wide variety of tests were
being used in conjunction with differing criteria to evaluate materials desig-
nated for identical usage. The same study recommended the employment of three
standardized tests for surface flammability, fuel contribution and smoke gen-
eration in lieu of the existing Navy tests. Specifically, these tests were the
ASTM E 162 radiant panel [8]

,

the potential heat test [9]

,

and the smoke den-
sity chamber [10]. All of these tests had been developed previously at the
National Bureau of Standards and are briefly discussed in appendices A2 , A4 and
A5. It was also indicated at that time that the ignitability and the rate of
heat release were important in determining the potential fire hazards of
materials and that tests for these properties would be developed during
phase II.

As part of the review, the deficiencies of method 6411, presently still
recognized as an acceptable test under MIL STD 1623B, were also discussed. The
review found that the Navy did not adopt a consistent set of test requirements,
using method 6411, for different materials and that the terminology used did
not allow for comparison. Furthermore, measurements with the method do not
indicate the relative rates of flame spread among materials, nor do they show
what levels of external heat flux are required for flame spread along deck
coverings

.

As interim criteria for ruling out materials having significant fire risk
potential, it was recommended in the phase I report [2] that the guidelines in
table 1 be used.

3.2 Development of Fire Tests (Phase II)

Following the National Bureau of Standards (NBS) survey, discussed in the
preceding section, an ease-of-ignition test, which measures the exposure time
required for sustained ignition by flame contact, and a heat release rate
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calorimeter were developed and tested on a variety of materials [11,12] under
phase II of the program. At about the same time a flooring radiant panel test
[4] was also developed at NBS for measuring the critical radiant flux for flame
spread on horizontally-mounted floor covering systems. These three test methods
are briefly discussed in appendices A6 , A7 and A8

.

3.3 Development of Improved Fire Risk Criteria (Phase III)

Full size and quarter-scale compartment fires in conjunction with an
approximate analytical treatment on room fire buildup were performed under
phase III of the program to obtain an improved understanding of the relation-
ship between the laboratory fire test assessment and the observed behavior of
materials in actual fires [3]. In this compartment fire study, the overhead
and bulkhead linings and the deck coverings were selected by the sponsor from
several candidate materials for shipboard application. A description of these
materials along with the compartment fire test arrangements are given in
table 2. The tested variations in the interior finish included two overhead
materials, three bulkhead sheathings and four deck coverings. The overhead
and bulkhead materials had a fairly narrow range of flame spread and smoke
generation potential. The deck coverings had a greater range but they usually
did not become involved in the fire until flashover conditions were imminent.
Flashover is defined here as the compartment condition where the thermal radia-
tion level becomes high enough to spontaneously ignite light combustible mate-
rials, such as newspaper, in the lower half of the compartment. Consequently,
the relationships between the laboratory fire test performance of these mate-
rials and their behavior in the actual compartment fires were difficult to
establish. Nevertheless, there was sufficient information obtained upon which
to provide a basis for improving the present rules for fire safe material
usage

.

Some results from the full size compartment fire tests are also summarized
in table 2. The degree of the fire buildup in each test arrangement is indi-
cated by the maximum interior and doorway air temperatures achieved during the
fire. A summary of the results from the laboratory fire tests of the interior
finish materials, used in those compartment fires, is given in tables 3, 4 and
5. Included in tables 3 and 4 are data from some follow-up laboratory tests
of the compartment linings [6]

.

Use of some substitute materials was resorted
to in the latter tests as much of the interior finish used in the compartment
fire study was no longer manufactured. These substitute materials were judged
to be similar to the original materials except for the differences in color,
surface texture or backing construction. However, the test data in the table
demonstrated that "similar" materials can have significantly different fire
performance

.

The fire study did not demonstrate any justification for relaxing the
requirements on flame spread, potential heat, and smoke density from those
recommended earlier in phase I of the project. Furthermore, the lining mate-
rials, used in these compartment fire tests, met the phase I requirements and
did not provide a large increase in the fire hazard beyond that provided by
the bedding itself. Therefore, it was felt that any new criteria presented
should not rule out the use of these materials which have been successfully
employed in the full-scale compartment tests. Nevertheless, in order to avoid
serious fire problems which might arise when materials with quite different
characteristics are considered in the future, additional requirements on ignit-
ability and heat release rate should be included.

3.3.1 Flame Spread

No reason was found to alter the flame spread requirement of equal to or
less than 25 on the E 162 test for the overhead and bulkhead materials. The
measurement, however, must be made on the material in the same thickness and
backed in the same manner as when installed. The effect of backing materials
can significantly affect the specimens' behavior on the fire test. Flame
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spread in a room is, however, only partially represented by the E 162 test
where the flames travel downward along the specimen surface. As mentioned in

another study of fire buildup in shipboard spaces [6]

,

upward fire spread in

the direction of air flow is also extremely important. Both modes of fire
spread occur in compartment fires. In the initial stages of a fire, the flame
spread along the interior finish is upwards from the ignition flame. The ulti-
mate height of this flame zone, or if the flame zone exceeds the height of the
overhead, its extension across the overhead, depends on some of the same fac-
tors as the flame travel distance along the E 84 tunnel [13] which is also in

the direction of the air flow. The extent of this flame spread in the tunnel
may, in some cases, be correlated with the rate of heat generation of the burn-
ing material [13]. Since measurement of the heat release rate is needed to
fully describe the potential contribution of the material to any compartment
fire, the E 84 flame spread classification for the material may then be unnec-
essary. Downward flame propagation as well as lateral flame travel across the
bulkhead and overhead, away from this initial flame zone, may be evaluated
with the E 162 test. Thus an adequate control of a material's flammability
requires some limit on the rate of heat release and an upper limit of 25 on
the E 162 test.

Although the same flame spread requirement may be given for the deck
coverings, a more suitable acceptance criterion would be based on the ability
of the material to sustain flame propagation under the thermal radiation levels
anticipated on the deck surface. The flooring radiant panel test [5] measures
this critical radiant flux for horizontal flame spread along the surface of a
material. The E 162 test may also be used to measure critical flux values,
but such measurements are made under different conditions. The data shown in
table 3 for the wool carpet indicate that considerable differences can some-
times occur between the critical flux measured with the E 162 test and that
obtained with the flooring radiant panel. This latter test is much more appro-
priate than the ASTM E 84 and ASTM E 162 methods for measuring the flammability
properties of deck coverings.

The irradiance on the deck is a strong function of the air temperatures
developed in the compartment. For closed bunks, i.e., units having partitions
along three sides, in addition to normal ventilation conditions and no privacy
curtains, the compartment air temperatures shown on table 2 did not reach
400° C. Even for bunks having opened sides or unusual air flow conditions in
the space, an incipient fire would probably have difficulty in developing to
the extent where compartment air temperatures would exceed 400° C for the more
typical bedding arrangements. Bedding used in the berthing compartment fire
tests [3] was in considerable disorder with crumpled-up bed sheets placed on
the bedding to simulate clothing. This was done to assure a repeatable and
sustained fire in the bunks and, at the same time, to represent a probable
worst condition that could occur. The same study demonstrated that carefully
made-up bedding and even bedding in considerable disarray, but without the
crumpled-up sheets, led to only a low level fire environment with compartment
air temperatures under 250 ° C. Only with the introduction of crumpled-up
sheets, together with the bedding in considerable disorder, was rapid fire
involvement possible. Thus it was felt that for berthing compartment fires
under presently typical shipboard conditions, air temperatures would not exceed
400° C. Even at a temperature as high as 450° C the irradiance on the deck
would only be about 5 kW/m 2 (0.44 Btu/s/ft 2

). Thus, deck coverings having a
critical flux equal to or higher than this value would not be expected to
contribute significantly to the buildup stage of the fire.

While flame spread criteria were adequate in choosing the safe materials
used in the compartment fire tests, our analysis of room fire studies conducted
at Underwriters Laboratories [14] found little correlation between the flame
spread ratings for the interior finish and the degree of fire buildup in the
enclosed space. Their test compartment was lined with plastic board materials.
A burning 9kg (20 pound) wood crib, positioned in one corner, served as the
ignition source. These tests demonstrated that fires with some plastic inte-
rior finish having a 25 or lower rating on either or both of the E 84 and E 162
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tests still led to flashover of the compartment. In any case flame spread
ratings alone are not capable of ruling out all potentially hazardous lining
materials. Therefore, it is suggested that any lining material to be used
must also satisfy certain heat release and ignitability requirements.

3.3.2 Time to Ignition

Some low density foam materials which had low flame Spread ratings, but
performed poorly in room fires [14], also experienced self-sustained surface
flaming at flame exposures of less than 60 seconds in the ease-of-ignition
test. A recent study [15] indicated that materials which contributed signif-
icant fuel to the flame in the ease-of-ignition test at flame exposure times
of less than 60 seconds could also contribute to an early compartment flash-
over. All of the overhead and bulkhead finish materials used for the compart-
ment fires, shown in table 2, required flame exposure times greater than
60 seconds for self-sustained surface flaming and for measurable fuel contri-
bution in the ease-of-ignition test and performed well in the compartment
fires. Results for some shipboard lining materials [3,6] are included in
table 3. In order to eliminate those low thermal inertia materials which
ignite quickly and contribute significantly to the fire, it is suggested that
flame exposure greater than 60 seconds for self-sustained flaming and for the
onset of fuel contribution be set as the criterion for the ease-of-ignition.

3.3.3 Rate of Heat Release

The growth of a fire in a compartment having combustible interior finish
and adequate ventilation can be described in the following sequence of events:
ignition, spread of flame across the bulkheads and overhead, and rise of the
compartment temperature. The rate at which a fire develops depends on the
balance between the rate of heat released from the burning materials and the
rate of heat dissipated through the confining boundaries of the space and by
venting of the hot gases. The compartment fire experiments indicated that the
temperature of the hot air layer below the ceiling is a suitable quantitative
measure of the level of fire buildup in a space. When this temperature exceeds
700° C there is sufficient thermal radiation from the hot air layer and the
heated upper surface to cause flashover, i.e., ignition of all combustible
materials in the compartment. In general the rate of heat production needed
to attain such temperatures is dependent on the size of the enclosed space,
the degree and distribution of the ventilation, the location of heat sources,
and the thermal properties of the interior finish. It was found in the Navy
compartment fire study that a heat generation rate of roughly 72 kW/m 2

(6.3 Btu/s/ft 2
) of deck area resulted in a temperature of 700° C in the

compartment test room.

In order to effectively utilize this critical rate of heat generation for
establishing heat release criteria for compartment linings, an estimate must
first be made of the potential thermal contribution from the furnishings. Then
the balance of the energy production needed to attain the critical air temper-
ature in the compartment may be used to establish the limits for the rate of
heat generation from the interior finish.

The rate of heat generation from furnishings depends on their distribution
and degree of fire involvement. In the berthing compartment fire study [3]
the fire load was representative of the present shipboard occupancy of three
to four persons for each 9 m 2 (100 ft 2

) of berthing area [6]. In the study
only vertical fire propagation between individual berths was investigated as
fire spread between adjacent furnishing items is difficult until flashover is
imminent or has occurred [16].

A summary of these compartment fires [3] is given in table 2. The results
indicate that fires in the bedding alone sometimes exceeded the rate of heat
production required for flashover in the compartment fire tests. No regulation
on interior finish materials would have prevented the occurrence of flashover
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in these cases. The results in table 2 show that open bunks and curtains in
front of closed bunks added considerably to the fire intensity. Fires in
closed bunks, under normal ventilation conditions and without the privacy cur-
tains, could still contribute 45% of the critical rate of heat release required
for flashover, but this would allow some leeway for additional interior finish
and other contents. For these safer berthing units the criteria for the heat
release rate of the lining materials could be based on the concept of keeping
their total heat production rate below 40 kW/m 2 (3.5 Btu/s/ft 2

) of the deck
area. This would be sufficient to prevent flashover of the compartment in
most cases. The carpet did not contribute any heat until full involvement
occurred in the compartment fire tests. Likewise, little fire involvement of
the bulkhead surface was observed in these fires until flashover conditions
were approached. While flame spread across the ceiling is relatively easy,
even for low flame spread materials, downward and lateral flame propagation
are not likely to occur for these materials until high thermal radiation
levels are achieved in the compartment. Hence, if the flame spread criteria
for the interior finish is satisfied, then the area of potential involvement
could be considered to be mainly the overhead. The latter must then be
restricted to a heat release rate of less than 40 kW/m 2

(3.5 Btu/s/ft 2
) to

avoid flashover of the space. The overhead materials used in the Navy berthing
compartment fires would pass this criteria.

An additional margin of safety may be achieved by requiring the bulkhead
lining materials to have heat release rates <_ 60 kW/irr (5.3 Btu/s/ft 2

). This
additional requirement would permit the use of bulkhead lining materials which
performed satisfactorily in the compartment fire tests while ruling out
materials having high heat release rates.

The data in table 4 show the heat release rates for some shipboard
interior finish exposed to the irradiance levels of 20, 40 and 60 kW/m 2

. The
data indicate that the rate of heat generation of a material, e.g., item 8 on
table 4, can be a strong function of the radiant exposure. In the preceding
paragraphs, the recommended limits on the heat release rate from materials
are based on the highest one minute average rate of heat release per unit sur-
face area as measured in the heat release rate calorimeter [12] under an
irradiance level of 60 kW/m 2 (5.3 Btu/s/ft 2

).

As the combustible fire load in berthing areas exceeds those in other
living and recreational areas on board ship [6] , the above fire safe criteria
generated for the berthing spaces could be applied conservatively to other
shipboard areas such as the wardrooms, lounges and mess halls.

3.3.4 Potential Heat

In addition to the necessity for limiting the rate of heat production and
thus the intensity of the fire, there is also a need for restricting the dura-
tion of the fire. The latter requirement is intended to limit the effect of
the fire on the structural integrity of the compartment components as well as
to reduce the probability of fire penetration into adjoining occupancies. An
approximate but commonly used relation between fire severity and fire load [17]
shows that for every 12 kg/m 2 (2-1/2 lb/ft 2

) increase in fire load, the fire
severity, in terms of ASTM E 119 type of fire exposure, increases by 1/4 hour.
This increase in fire load represents about 240 MJ/m 2 (21,000 Btu/ft 2

) of deck
area. A recent shipboard survey of the potential heat load in living and rec-
reational quarters [6] showed that the typical contents in berthing spaces
would lead to about 15 minutes of fire exposure, with the bedding and locker
materials accounting for 11 minutes of this time. For wardrooms and lounge
areas the potential fire exposure would be about 7 minutes. The compartment
fire tests have indicated such exposures will melt the 0.25 cm (0.10 in) thick
aluminum bunk partitions. There is further experimental evidence [18] that
exposure times as short as 6 minutes could also be detrimental to 0.64 cm
(1/4 in) thick aluminum plates. However, it is recognized that realistic lim-
its must be set to allow for some choice of furnishings and interior finish
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aboard ship. For this reason it is suggested that a practical limit of 11

(1000), 34 (3000) and 56 MJ/m 2 (5000 Btu/ft 2
) be set for the overhead, bulkhead

and deck coverings, respectively. More stringent requirements would probably
add little to practical fire safety as the role of potential heat of materials
in a fire depends on other parameters such as the distribution as well as the
ignitability , flame spread, and rate of heat release characteristics of the
materials. For a 3.0 x 3.0 m (10 x 10 ft) space having a 2.1 m (7 ft) overhead
height, the compartment interior finish could then contribute another 10 min-
utes of fire severity. These limits would also allow the use of the materials
which performed satisfactorily in the compartment fire tests. These materials
are shown in table 5, along with their potential heat values.

3.3.5 Smoke Production

Criteria for limiting the generation of smoke in the compartment are
difficult to establish. The burning of a relatively small quantity of certain
materials could produce sufficient smoke to completely obscure visibility in
the compartment, in critical spaces such as passageways, and in neighboring
spaces. While the settings of visibility limits would be logical in terms of
ease of egress and more effective fire fighting capabilities, they are diffi-
cult to set because they depend on the ventilation conditions and details of
the structure beyond the compartment of fire origin. In spite of this there
is still a need to limit the total smoke generation by materials. Due to the
aforementioned difficulties, the compartment fire study was unable to improve
the phase I criteria shown in table 1 for smoke control and no revision of
these guidelines is recommended. As improved materials having lower smoke
outputs become available, it may be advisable to consider tightening the
requirements for all materials used in the berthing areas. However, more
stringent limits on smoke generation should be used with caution so as not to
eliminate some otherwise good materials. This is because the smoke generation
potential of materials also depends on the ignitability, flame spread, and heat
release properties of the materials. A material which has a low maximum spe-
cific optical density, Dm , as measured with the smoke density chamber [10] , but
spreads fire readily over its surface could produce more total smoke in a fire
situation than another material having a high Dm value along with a low flame
spread potential.

It is suggested that the smoke control requirements for interior finish
remain as follows:

Location
Maximum Specific Optical Density, Dm
for Flaming and Non-flaming Exposures

Overhead < 150

Bulkheads < 150

Deck < 450

Table 5 shows that the interior finish materials which performed satisfactorily
in the other laboratory fire tests also have maximum specific optical density
values within these prescribed limits.

4 . RECOMMENDED GUIDELINES

A critical review of the Navy fire performance requirements for interior
finish [2] focused on the need for a minimal number of test methods for
measuring the ignition, flame spread, rate of heat release, potential heat,
and the smoke generation properties of those materials. Laboratory fire tests
were also recommended at that time for evaluation of these fire properties.
Subsequent compartment fire tests [3] have helped establish state-of-the-art
acceptance criteria for fire safe selection of materials aboard ship based on
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these laboratory tests. Observations and analysis of these compartment fire

tests have resulted in an improved interpretation of fire test ratings. As a

result, more rational criteria for fire risk material usage have been formu-
lated for interior finish in Navy shipboard quarters. These design rules have
been presented previously [3] and are summarized in table 6.
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APPENDIX A. LABORATORY FIRE TESTS

A-l. ASTM E 84

The ASTM E 84 tunnel test [7] measures the flame spread performance of
the specimen material relative to that of asbestos-cement board and red oak
flooring under similar test conditions for a duration of 10 minutes. A
50.8 cm (20 in) wide and 7.3 m (24 ft) long specimen is horizontally-mounted
in an overhead orientation in a 7.6 m (25 ft) long test chamber. The fire
end of the tunnel is provided with two gas burners delivering flames upward
against the surface of the test sample. An air intake port 7.6 cm (3 in) high
measured from the floor level of the test chamber is provided at the fire end.
The vent end is fitted to a 40.6 cm (16 in) diameter flue pipe. Changes in
smoke density in the flue pipe are monitored photometrically. A thermocouple
is also mounted 2.5 cm (1 in) from the sample surface, 30.5 cm (1 ft) from the
vent end.

Results are given for flame spread, fuel contributed and smoke developed.
These values, obtained from burning the test material, represent a comparison
with those of asbestos-cement board expressed as zero and red oak flooring
expressed as 100. Flame spread classification*; FSC, is determined as follows

(1) For materials on which flame spreads 5.9 m (19-1/2 ft) in a
time, t, of 5-1/2 min or less, FSC = 550/t.

(2) If the flame front spreads 5.9 m (19-1/2 ft) in more than
5-1/2 min, then FSC = 50 + 275/t.

(3) For materials on which the flame spreads less than 5.9 m
(19-1/2 ft) but more than 4.1 m (13-1/2 ft), FSC = 50 + 4.6 d
where d is in meters, and FSC = 50 + 1.4 d where d is in feet.

(4) When the extreme flame spread distance is 4.1 m (13-1/2 ft)
or less, the classification is FSC = 16.8 d for d in meters
and 5.1 d for d in feet.

The value for fuel contribution is derived by calculating the net area
under the time-temperature curve from the thermocouple near the vent end for
the test material and comparing this area with the net area under the curve
for untreated red oak flooring.

The smoke developed during the test is determined from the time dependent
increase in obscuration of a light source due to the smoke in the vent pipe.
The smoke rating is derived by calculating the net area under the time-
obscuration curve for the test material and comparing this area with the net
area under the curve for untreated red oak flooring.

A-2 . ASTM E 162

The ASTM E 162 radiant panel test [8] requires a 15 x 46 cm (6 x 18 in)
specimen, facing and inclined 30 degrees to a vertically-mounted, gas-fired
radiant panel. The energy output of the panel is controlled to be the same
as that from a blackbody of the same dimensions operating at a temperature of
670° C (1238° F) . Ignition is caused by a pilot flame just above the upper
edge of the test specimen and observations are made of the progress of the
flame front down the specimen surface, as well as the temperature rise of the
thermocouples in a stack supported above the test specimen. The test is
terminated when the flame reaches the end of the specimen or in 15 minutes.

A new calculational method for the flame spread classification was adopted
in 1976 in which the FSC is proportional to the area under the flame distance
versus time curve.

10



whichever time is less. The flame-spread index, I s , is computed as the product
of the flame-spread factor, F s , and the heat evolution, Q s , or I s = F SQ S , where

F
s

1 +
t 3 t 6 -t :

t 9 -t 6 t l 2 ~t

9

t 1
5 “t l 2

and Q 0. 1AT/3

The symbols ts to t 15 correspond to times in minutes from specimen exposure
until arrival of the flame front at a position 7.6 to 38 cm (3 to 15 in),
respectively, along the length of the specimen. The value of 0.1 in the rela-
tion for the heat evolution is a constant arbitrarily chosen to yield a flame-
spread index of approximately 100 for red oak. The quantity AT is the observed
maximum stack thermocouple temperature rise over that observed with an
asbestos-cement board specimen, and 8 is the maximum stack thermocouple
temperature rise for unit heat input rate to the calibration burner.

A-3 . Fed. Std . 501, Method 6411

This apparatus was developed at the Naval Applied Science Laboratory
(NASL) , Brooklyn, approximately 25 years ago. The apparatus consists of a
communicating horizontal and vertical flue constructed of 1.6 mm (1/16 in)
steel sheeting lined with 3.2 mm (1/8 in) asbestos cement board with the
exception of the horizontal bottom plate which is all steel. The deck covering
to be tested is applied to a specimen holder made of 3.2 mm (1/8 in) mild
steel plate 80.0 cm (31-1/2 in) long by 17.8 cm (7 in) wide. The holder is
mounted in the horizontal flue so that hot gases can pass beneath the holder
and be vented through the vertical flue. Flames and hot gases can also travel
above the holder and are vented through the vertical flue. Exposure is by
means of four open blast burners mounted side by side at one end of the
horizontal flue, and the flames impinge both at the lower (steel) and upper
(specimen) edges of the holder. The total rate of heat supply by the burners
is approximately 7.0 kW (400 Btu/min) providing a moderately severe exposure.

A-4 . Potential Heat Test

The potential heat test [9] provides a quantitative measure of the total
heat release under typical fire exposure conditions without regard to the rate
at which the heat is released.

The heat of combustion Qr of a sample of the material, measured by an
oxygen bomb calorimeter, after it has been exposed to a "standardized fire"
(2 hours in a muffle furnace at 750° C (1382° F) , is compared with the heat
of combustion Qm of an unexposed sample. The potential heat Qt is given by

Q. = Qm -
t m

R Q.

where R is the fractional weight remaining after the exposure.

Determinations may be made on simple materials, or on composite assemblies
of materials from which a representative sample can be taken and pulverized
into a homogeneous mixture.

A-5. Smoke Density Chamber

The smoke density chamber [10] is a 0.51 m 3 (18 ft 3
) closed cabinet in

which a specimen 58.1 cm 2 (three inches square) is supported vertically in a
holder and is exposed to an irradiance of 25 kw/m 2 (2.2 Btu/s/ft 2

) under one
of two exposure conditions, designated as "flaming" or "non-flaming"
(smoldering) . For each specimen, the combustion generated smoke accumulates
within the chamber and the reduction of light transmission during the test is
reported in terms of the optical density of the smoke.

11



The method assumes the applicability of Bouger's law to the attenuation
of light by smoke, and the quantity of smoke is therefore reported in terms
of optical density rather than light absorption. Optical density is the single
measurement most characteristic of a "quantity of smoke" with regard to visual
obscuration. To take into account the optical path length, L, the volume of
the chamber, V, and the specimen surface area producing smoke. A, a specific
optical density is defined as D s = (V/LA) log 10 (100/T) , where T is the percent
light transmittance and the logarithmic term is the optical density.

A-6. Ease-of-lgnition Test

The ease of ignition test [15] measures the exposure times required to
produce flame attachment and fuel contribution of building materials in contact
with flame. Two specimens 14.0 cm (5-1/2 in) wide and 15.2 cm (6 in) high
face each other 50 mm (2 in) apart. Natural gas is introduced into the gap
and is ignited with a spark. The exposing flame passes between the specimen
surfaces and extends about 25.4 cm (10 in) above them. The incident heat flux
on the specimen surface averages 32 kW/m 2

(2.8 Btu/s/ft 2
).

The time of flame attachment is observed visually. The time of fuel
contribution is indicated by a phototube which samples the radiation from the
flame.

A-7. Heat Release Rate Calorimeter

The heat release rate calorimeter [12] measures the rate of heat
generation for materials exposed to radiant fluxes up to 100 kW/m 2

(8.8 Btu/s/ft 2
) with a response time of a few seconds. A 11.4 by 15 cm (4-1/2

x 6 in) specimen, up to 2.5 cm (1 in) in thickness, is oriented vertically
in front of gas-fired radiant panels lining three sides of a combustion
chamber. The radiation comes from the surface of these panels whose tempera-
tures may be varied between 627 and 1027° C (1160 and 1880° F) to produce the
desired irradiance level on the sample. The edges of the specimen are shielded
by an insulated holder. Air for combustion of the sample passes up through
the porous floor of the chamber.

The fast time response of the calorimeter to the heat leaving the front
surface of the specimen is achieved by maintaining the instrument at a con-
stant temperature, thus overcoming the thermal inertia associated with the
heating and cooling of the calorimeter walls. The constant temperature opera-
tion is accomplished with an auxiliary burner whose fuel supply is regulated
by an automatic temperature controller. An increase in heat due to the
burning of the specimen is then compensated by a decrease in the fuel flow
rate to the burner. The measured decrease in the rate of flow of the fuel is
then recorded as the rate of heat release of the specimen.

A-8. Flooring Radiant Panel

The flooring radiant panel test [5] measures the critical radiant flux
for flame spread of horizontally-mounted floor covering systems. The critical
radiant flux is the level of incident radiant flux on the specimen surface at
the maximum flame spread distance. The specimen can be mounted over under-
layment, bonded to a simulated structural floor or otherwise installed in a
typical and representative way.

The radiant energy source is a premixed air-gas fueled panel inclined at
30 degrees to and directed at a horizontally-mounted 22 cm (8.7 in) by 104 cm
(41 in) specimen. The radiant panel generates an energy flux distribution
ranging from a maximum of 10 kW/m 2 (0.88 Btu/s/ft 2

) to a minimum of 1 kW/m 2

(0.09 Btu/s/ft 2
) under the low panel temperature setting of between 490 to

510° C (914 to 950° F) and from 24 to 2 kW/m 2 (2.1 to 0.18 Btu/s/ft 2
) in the

high panel temperature range of 660 to 680° C (1220 to 1256° F) . Test results
are reported as the critical radiant flux, W/cm 2

, for failure of the flame to
further propagate.

12



Table 1. Phase I fire test requirements

ASTM E 162 Smoke Density Chamber
Type Material Flame Spread Potential Heat Maximum Specific

Index Optical Density

Bulkhead and <25 <2.2 x 10
5
kJ/m

3
<150

Overhead
Insulation (500 Btu/f

t

2
/in)

General <25 <7.0 x 10
3 J/g <450

Deck
Coverings (3000 Btu/lb)
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