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Center for Regulatory Effectiveness

COMPREHENSIVE BELT SAFETY:
INTEGRATING SMOKE AND FLAME STANDARDS
TO SPEEDILY PROTECT ALL OF AMERICA’S MINERS

The Center for Regulatory Effectiveness (CRE) thanks the Mine Safety and Health Administration
(MSHA) for initiating this proceeding on smoke safety for the conveyor belts used in all underground coal
mines. The timing of this smoke safety proceeding to match the proposed increase in conveyor belt flame
resistance [RIN 1219-AB59] is particularly appropriate — and necessary — since the agency was notified
in 1996 by a major chemical supply company that:

It is notuncommon for flame retardants to actually increase the amount of smoke
produced per unit of material burned.... The net effect of this is often NOT the
desired reduction in smoke...sometimes the total smoke generated goes up!
%3k ok

...even if less material is consumed as a result flame retardant...total smoke
generated could be greater because of the much higher production of smoke per
unit of mass consumed. ... Even more significant, this data was generated using
formulation very similar to those employed in vinyl mine belt carcasses.'

The Monsanto letter also explained that the,

lethality of the toxic species (primarily carbon monoxide) is greatly enhanced by
smoke opacity which obscures all visual clues and prevents victims from
escaping the threatened area.

Monsanto concluded that:

For these reasons we feel your proposed standard could make an even greater
improvement in mine safety if it incorporated a strict smoke and toxic gas
specification, and we strongly urge you consider adding such a requirement.

RECOMMENDATION

CRE reiterates Monsanto’s 1996 call for strict smoke safety standards to be incorporated into the new
flame resistance proposed standard. Linking two safety standards, smoke density and flame-resistance, is
essential since:

1. Congress has mandated that belt air be permitted for ventilation only in instances where
the agency has determined — not simply approved a mine’s justification — that at all times
the miners are at least as safe as without belt air;

! Letter to MSHA from David H. Paul, Senior Technologist, and Bobby R. Pickering Jr, Senior MTS
Representative, Monsanto, 2/5/96. [Emphasis in original]
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2. Increasing flame retardant quantities can lead to more dangerous smoke; and
3. MSHA has estimated that the transition period to new belting formulations can take up to

ten years.

CRE also notes that there remain significant unresolved concerns regarding the reliability and
reproducibility of the Belt Evaluation Laboratory Test (BELT), concerns that contributed to at least two
of the three separate reopenings of the record before the proposed rule was withdrawn.?

MSHA has not introduced new data in the current record to support the reliability and reproducibility of
the BELT. Moreover, rather than frankly addressing the limitations of the test as the agency did in the
1992 rulemaking when it stated the “development of flammability tests in not an exact science,” the 2008
NPRM simply and incorrectly stated that “the BELT method is highly precise and accurate.”

Unlike the now-closed 1992 docket, MSHA is not providing for public comment the test results on which
MSHA bases it proposed decision to require the BELT, thus potentially rendering any final agency
decision on the test arbitrary and capricious.

It also needs to be noted that, with passage of the Data Quality Act in 2001, the agency has a new
mandatory legal duty to ensure that the tests they promulgate are reliable and reproducible.

Based on the aforementioned safety mandates and procedural requirements, CRE recommends that MSHA
either:

Option 1: Simultaneously Issue: 1) an Interim Final smoke density rule; 2) an Interim Final
flame resistance rule; and 3) an Advance Notice of Proposed Rulemaking
(ANPRM) on smoke toxicity to set standards for primary toxic agents, including
CO and HClI, using existing consensus standard testing methodologies.

Timing: All conveyor belts purchased for use in underground coal mines would
need to meet the new flame resistance and smoke density requirements within one
year of publication of the Interim Final Rules. Simultaneous with publication of
the Interim Final rules, MSHA would open 60 day notice and comment periods on
the interim rules for the purpose of finalizing them and a 60 day comment period
of the smoke toxicity ANPRM to allow an expeditious rulemaking on this issue.

Option 2: Simultaneously Issue: 1) a Further Notice of Proposed Rulemaking on Flame
Resistance (FNPRM) that contains all available data for public comment as well
as the methodologies for determining that belt air mines at all times afford miners
at least the same measure of protection as non-belt air mines; 2) an NPRM on
Smoke Density; and 3) an ANPRM on smoke toxicity.

2 67 Fed. Reg. 74770, December 9, 2002. The final reopening of the docket related to the Paperwork
Reduction Act under which agencies have to certify, among other requirements, that information has
“practical utility,” an issue which directly relates to test reliability and reproducibility.
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It should be noted that while concerns remain about the BELT, coupling it with specific smoke density
limitations based on smoke emission limits already in the Code of Federal Regulations, would ameliorate
concerns that the agency may inadvertently diminish mine safety before fully ventilating the issue.

While conveyor belt smoke safety requirements should be applicable to all underground coal mines, they
are of heightened importance with respect to the use of belt air ventilation — and thus crucial to the belt
air rulemaking — since, as Monsanto explained,

...smoke effects are greatly amplified in an underground mine where visibility,
escape routes, and access by rescuers are already severely limited. This situation
is further worsened by the growing practice of using ‘belt air’ to ventilate the
mine face. This practically guarantees that any smoke and toxic combustion
products from a belt fire will be quickly injected to the working areas of the mine.

Although safety is of paramount concern, it should be noted that Monsanto also stated that “We feel that
it is especially noteworthy that the prototype smoke suppressed formulation shown here is not more costly
per yard of belt than the version made with the conventional....”

OPTION 1:
MSHA ISSUE AN INTERIM FINAL SMOKE DENSITY REGULATION
SIMULTANEOUSLY WITH AN INTERIM FINAL FLAME RESISTANCE REGULATION

Why an Interim Final Rule Smoke Density Is Necessary If the Flame Resistance Rule Is Issued

The Administrative Procedure Act (APA) authorizes agencies to issue regulations without a full notice
and comment process “when the agency for good cause finds (and incorporates the finding and a brief
statement of reasons therefor in the rules issued) that notice and public procedure thereon are
impracticable, unnecessary, or contrary to the public interest.”

In that it is:
1. Impractical for MSHA to issue an NPRM and final rule on smoke safety and still meet the
2008 target for the flame resistance standard; and
2. It is contrary to the public interest, as demonstrated through a 15 year public record

discussed below, to issue a revised flame resistance standard that does not set standards for
smoke safety,

3 5U.S.C. 553(b).
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it is incumbent on the agency to invoke its authority under the APA to issue an Interim Final Rule on
smoke density along with an interim final flame resistance rule. Extensive information submitted to the
docket demonstrates that:

»  Increasing flame resistance standards without controlling smoke emissions results in smoke which
is more visually obstructive and toxic — this is true even if there is no fire, i.e., the belt is only
smoldering. The result can be a degradation of safety, particularly in instances where the mine uses
belt air.

Moreover, as will be discussed, it will not be possible for MSHA to determine, as required by statute, that
a belt air ventilation plan “at all times affords at least the same measure of protection where belt haulage
entries are not used to ventilate working places” without a smoke safety standard. In short, there is no
point in MSHA issuing a belt air rule without issuing a smoke safety standard since without the
standard the District Manager will not be able to make a legally valid approval of any belt air
ventilation plan.

It should also be noted that, because of the complexities of compounding chemistry, changes to a belt’s
formulation need to balance all relevant safety attributes simultaneously, including flame resistance, smoke
density, smoke toxicity, durability, etc. Therefore, the regulatory standards for both flame resistance and
smoke safety must be integrated to ensure worker safety.

The record also demonstrates, however, that it is technically and economically feasible to reduce smoke
density and toxicity while still meeting the recommended new flame resistance standard. Thus, if MSHA
is going to improve underground safety with respect to conveyor belts, they need to set smoke safety and
flame resistance standards at the same time.

Furthermore, there is also “good cause” for the agency to promulgate an Interim Final smoke density rule
since:

» There is a record dating back to at least 1992 on the dangers of smoke as the first critical hazard
a miner will face;

> Specific test data demonstrates that the smoke density from smoldering and burning conveyor belts
will increase unless smoke emissions are specifically controlled; and

» MSHA, as detailed below, is able to take advantage of over 30 years of federal research and
experience in setting smoke density standards, concurrent with flame resistance standards, to help
people escape from enclosed, burning environments following a disaster.

As noted above, MSHA can use the publication of the Interim Final Rule as an opportunity to obtain
public comment prior to issuing a Final Rule — without delaying protection for underground miners.
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Adopting an Existing Federal Smoke Density Regulation for Conveyor Belts
Federal safety officials have decades of experience in developing and setting standards to limit smoke from
elastomers — a category of flexible materials that includes rubber and PVC — for the specific purpose of
enhancing the ability of people to safely evacuate an enclosed burning environment. These smoke safety

standards were developed in parallel with flame-resistance requirements and are directly applicable to
conveyor belts used in underground coal mines.

The federal work in developing and promulgating smoke safety standards included participation by diverse
stakeholders including:

» Federal safety officials;

» Consensus standards bodies;
» Industry; and

» Labor.

STAKEHOLDER RECOGNITION OF THE NEED FOR SMOKE SAFETY STANDARDS
Beginning in the early-1990s, diverse stakeholders representing government, industry, and labor have
performed research and expressed concerns regarding: 1) the danger of smoke from smoldering as well
as flaming conveyor belts; and 2) the increased smoke hazards that can result from increasing flame
resistance requirements. The research and stakeholder comments demonstrate the need for smoke safety
standards to be an integral part of new belt flame resistance requirements.

Government
Even before Monsanto explained the need for regulatory controls on the density and toxicity of smoke that
can be released by underground conveyor belts, the Bureau of Mines (BOM) published research which
found that dangerous levels of thick smoke were generated before flame spread, i.e., the smoke danger
reached critical levels even without fire propagation.

Specifically, BOM’s research determined that,

Smoke obscuration was found to be the earliest hazard, reaching critical levels
before the stage of belt flame spread.’

4 F.J. Perzak, C.D. Litton, K.E. Mura, and C.P. Lazzara, “Hazards of Conveyor Belt Fires,” Bureau of
the Mines, Report of Investigations 9570, 1995, Abstract.
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In a 1992 BOM report, “How Smoke Hinders Escape From Coal Mine Fires” federal safety officials
recognized:

1. The dangerous synergy of smoke density and toxicity in harming the ability of miners to
escape a disaster; and

2. Smoke obscuration is the earliest hazard faced by miners attempting to escape.
Specifically, BOM stated:

Smoke clouds irritants play a role in escape from fires. It is well known that
smoke clouds contain a variety of sensory irritants that can make it impossible
to see or breath. For example, hydrochloric acid (HCI) is a common combustion
product in coal mine conveyor belt fires. While not as lethal as carbon monoxide,
it is a severe eye, nose and throat imtant [sic] ... Rasbash (1975) reviewed the
impact of smoke cloud irritants. He indicated that eye irritation further
decreased visibility.”

The 1992 BOM study concluded:

Smoke is a key factor in escape from mine fires. In particular, if a fire is in the
early growth stage, escaping miners will meet with visibility problems before any
other. The minimum acceptable smoke visibility is reached before the critical
maximum carbon monoxide value.®

A 1992 BOM Information Circular specifically highlighted to danger of thick, visually
obstructive smoke from smoldering — not flaming — conveyor belts.

Those materials with large particle size tend to produce thick smoke. For
example, the particles...produced from smoldering PVC belts result in dense
smoke as measured by obscuration and OD [optical density].”

Conclusions to be drawn from the BOM studies are:

1. Smoke-induced visibility impairment is the earliest hazard impeding a miner’s escape,
before dangers from CO and flames. Thick smoke can be produced without fire.

S F.N. Kissell and C.D. Litton, “How smoke hinders escape from coal mine fires,” Technical Papers,
Mining Engineering, vol. 44:1, January 1992, p. 79.

§ Ibid., p. 82.

7 M.R. Egan, “Smoke, Carbon Monoxide, and Hydrogen Chloride Production From the Pyrolysis of
Conveyor Belting and Brattice Cloth,” Bureau of Mines Information Circular IC 9304, 1992, p. 11.
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2. The smoke’s optical density and the irritating toxic compounds in the smoke combine to
further reduce effective visibility.

3. Smoke density and toxicity need to be controlled along with belt flammability. Flame

resistance controls by themselves, no matter how stringent, are insufficient to protect
miner safety.

Industry

MSHA first requested information on the toxicity of conveyor belt combustion products in 1995.% In
response to that request, a mining company advised MSHA that:

...any MSHA rule promulgation recognize a Total Safety impact of
conveyor regulations and that the consequences of rules that might
minimize flammability not also cause a higher probability of fire ignitions

or noxious products of combustion in the event of a fire....
ook

Another factor that has not been properly researched is the increase in
toxicity and smoke from the new more flame resistant belting. If a more
flame resistant belt produces fumes that are more toxic and dense, the new
rules may cause more harm than good.’

A conveyor belt manufacturer informed MSHA that the WorkCover Authority (workplace safety
regulatory agency) of New South Wales, Australia, in a draft document, “Proposal for Developing Test

Methods for Fire Resistant Conveyor Belts” stated:

Most of the standard fire tests that relate to conveyor belts only address one
aspect of the fire hazard and that is self-sustained burning (although some aspects
of ignition are also covered). Other parameters that are also important are:

%%k
O Smoke production rates — an indicator of visibility and toxicity.

o  Toxic gas production rates — an indicator of toxicity.

These additional parameters define the tenability of conditions to support life..."°

8 60 Fed. Reg. 16591, March 31, 1995.

9 R.W. Olsen, Vice President and General Manager, Coastal States Energy Company, letter to MSHA,
June 2, 1995. [Emphasis in original]

10 g B. Kramer and D.J. Maguire, The Goodyear Tire & Rubber Company, letter to MSHA, June 2,
199s.
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In subsequent comments in September 1995, the manufacturer explained that:

Any new test standard must ensure that the new materials would not result in
significantly denser smoke during smoldering or flaming conditions.

The National Mining Association, in comments to MSHA discussing the flame resistance proposal,
explained that:

Another concern involves optical smoke density and the potential for elevated,
denser levels of smoke to be emitted during the smoldering and burning stages.
Witnesses have expressed concern regarding the smoke levels which will be
emitted by the new belt formulations. These concerns must be addressed before
the new belt formulations are introduced into the mines."'

Recent test data presented before the Technical Study Panel (TSP) demonstrated that conveyor belts using
off-the-shelf flame retardants can meet the proposed new flame resistance standard while simultaneously
reducing smoke density and smoke toxicity (carbon monoxide and hydrogen chloride) significantly below
current levels, even in smoldering conditions where there is no fire.

The test results also demonstrated that — unless controlled — belting meeting the new flame resistance
standard, compared with current belt, produces smoke that is 70% thicker (optically dense) and has double
the HC] compared — before there is a fire."? The test results provide further demonstration of the safety
imperative of integrating smoke safety standards with the higher flame resistance standard.

Labor

Preceding MSHA ’s initial request for information on conveyor belt smoke toxicity by more than two years,
a miner wrote to the agency stating that:

I feel that MSHA has not taken into consideration that these Proposed
Regulations will increase the toxicities that a burning conveyor belt will put off
and this will diminish safety rather than increase it. It makes me wonder how
many of the miners that escaped from those fires that MSHA mentions would if
the conveyor belts had met these new standards.”

The United Mine Workers of America has also expressed their concerns regarding the smoke hazards from
conveyor belts. In a letter to agency, the union stated,

' R L. Lawson, National Mining Association, Letter to MSHA, December 15, 1995.

12 http://www.msha.gov/beltair/June%202007/TSP%20Meeting%20June%2020th%202007 Goodyear.pdf

3 Gary L. Jensen, Concerned Miner, Letter to MSHA, March 13, 1993.
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Another serious concern is the black, billowing smoke produced when conveyor
belts burn. This heavy smoke has hindered the escape of miners due to visual
obscurity and respiratory contamination. R.I. [Report of Investigation] 9380
also supports this contention, stating in part:

“In addition, the levels of smoke and CO produced begin to approach
dangerous levels, and lethal levels may subsequently result during the
propagation stage. "

Stakeholder Comments: Conclusions
1. Miners and other stakeholders began warning MSHA 15 years ago that increased smoke
density and toxicity from higher flame resistance levels, if not controlled, could pose

additional hazards to coal miners.

2. Federal safety officials determined that heavy smoke is the first conveyor belt-related
danger to reach critical levels — even without flame spread.

3. MSHA first requested information on the toxic combustion products from conveyor belts
in 1995.
4. An Australian workplace safety agency stated in 1995 that smoke density and smoke

toxicity are important conveyor belt parameters for supporting life.

5. MSHA received a request in 1996 to incorporate “strict smoke and toxic gas” standards
into its flame resistance rulemaking along with a warning that failure to do so could make
underground mines more hazardous, particularly when belt air is used for ventilation.

6. A conveyor belt manufacturer recently provided test data to the agency demonstrating
that conveyor belt flammabilty, smoke density and smoke toxicity can be substantially
and simultaneously improved using widely available compounds.

7. Smoke-reducing flame retardants are available for both PVC and rubber conveyor belts.
For PVC belts, these compounds have been available for over a decade.

“ Joseph Main, Administrator Department of Occupation Health and Safety, United Mine
Workers of America, letter to MSHA, May 2, 1995.
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Developing Flammability and Smoke Safety Standards in Tandem

In 1982, the Urban Mass Transportation Administration (UMTA) published for comment its
“recommendations for testing flammability and smoke emissions characteristics for materials used in”
rail transit vehicles.'”” UMTA explained that increased use of flammable materials, such as plastics and
elastomers, increase the fire threat in transit vehicles, a threat that “can be reduced or limited
by...considering the materials’ flammability and smoke emission characteristics in the material selection
process.”

UMTA noted that the process of developing the draft recommendations began in 1973 and that the
following year the agency published “Proposed Guidelines for Flammability and Smoke Emission
Specifications.” The draft guidelines and recommendation demonstrate that since the early 1970s,
federal officials addressed flame resistance and smoke safety in tandem for setting standards to protect
escape viability.

Flammability Standards Alone Are Inadequate

UMTA explicitly addressed the question of whether sufficiently stringent flame resistance standards
eliminated the need for smoke safety standards. Specifically, when publishing their recommendations
following public comment on their proposal, UMTA stated:

An additional comment was that restrictions on flammability are such that the
restrictions on smoke emissions...are unnecessary. UMTA diagrees. Thereis not
necessarily a relationship between flammability and smoke emission, so that the
flammability test alone does not adequately test for those two characteristics. For
example, some situations may result in very little flame spread, but a great deal
of smoke. The low flammability will not indicate the smoke emission
characteristics of such material.'®

Thus, UMTA considered and rejected the notion that preventing flame propagation provides

protection against smoke. Moreover, in the almost 25 years since UMTA’s determination, federal safety
agencies have expanded on, not contradicted, the fundamental conclusion that both smoke safety and flame
resistance regulations are necessary.

UMTA also addressed concerns regarding smoke toxicity as well as smoke density. The agency noted
that,

Commenters also requested that UMTA address the issue of toxicity of the
products of combustion of these materials in the Recommended Practices.

15 47 Fed. Reg. 53559, November 26, 1982.
1649 Fed. Reg. 32483-32484, August 14, 1984. [Emphasis added.]
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UMTA recognizes the need to address this issue, but because of its complexity is
not able to do so in the Recommended Practices. Instead...UMTA has initiated
a program to develop guidelines for assessing the combustion toxicity of
materials. ...UMTA has requested the National Research Council’s (NRC)
Transportation Research Advisory Board of the Commission on Engineering and
Technical Systems to assist in addressing this issue. In response to this request,
the NRC has established a Committee on Toxicity Hazards of Materials Used in
Rail Transit Vehicles. This committee consisting of representatives of industry
and academia will review the present state of knowledge of combustion toxicity,
identify specific toxicity hazards related to the use fo polymeric materials...and
recommend a plan of action for developing guidelines for testing materials.

The NRC’s combustion toxicity report'” along with the federal government’s conveyor belt-specific
combustion toxicity research, provides the basis for MSHA to issue an ANPRM on smoke toxicity.

FRA Adopts UMTA Guidelines

A week after UMTA issued flammabiltiy and smoke emission performance guidelines for materials used
in light rail vehicles, the Federal Railroad Administration (FRA) issued similar guidelines for Amtrak
and other train passenger cars. In mirroring UMTA guidelines, the agency explained that,

FRA believes that all passenger service providers should be aware of the
flammability and smoke emission problem in material selection and should
adhere to these guidelines...."*

An ASTM consensus standard smoke density test (ASTM E-662) was used for determining smoke
emission performance for all materials for which there is a smoke emission criteria. Moreover, the
guidelines stated that the,

ASTM E-662 maximum test limits for smoke emission (specific optical density)
should be measured in either the flaming or non-flaming mode, depending on
which mode generates the most smoke."

Thus, the FRA recognized that some materials give off more smoke when they are not flaming, thus re-
emphasizing that flame resistance standards are not an appropriate mechanism for controlling smoke
emission.

17 Found at http://www.nap.edu/catalog.php?record id=1869#toc

1849 Fed. Reg. 33076, August 20, 1984, republished with omitted recommended testing methods table,
49 Fed. Reg 44582, November 7, 1984.

19 49 Fed Reg 44584, November 7, 1984.
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The ASTM E-662 test is a commonly used laboratory-scale test for measuring smoke density. ASTM
explains that the “photometric scale used to measure smoke by this test method is similar to the optical
density scale for human vision.””

The FRA fire safety guidelines including smoke emission criteria for 15 different components of rail
passenger cars.?! Of particular importance is that the FRA recommended the same smoke standards for
most materials, i.e., an optical density (Dg) <100 after 1.5 minutes of the test, and a Dg <200 after 4.0
minutes. 11 of the 15 types of material had the exact same smoke emission performance criteria. The
criteria for coated upholstery was slightly weaker, allowing a Dg (4.0) < 250 while FRA recommended a
somewhat more stringent standard of Dg (4.0) < 100 for insulation, ducting panels and uncoated upholstery.

It is not surprising that all of the smoke emissions standards were in the same range since the visibility
requirements to escape from an enclosed burning environment are the same irrespective of the
source of the smoke. It is for this reason that the FRA criteria are directly relevant to conveyor belts used
in coal mines.

It should also be noted that another federal agency, the Federal Aviation Administration, requires that
cabin materials meet a smoke emission limit of Dy (4.0) <200 to help ensure that people have sufficient
visibility to escape from an enclosed burning environment following a disaster.*

Since there are longer and more challenging areas to transverse in underground coal mines than in train
cars to reach safety following a disaster, smoke emission standards for underground conveyor belts are
even more crucial than they are for materials used in rail passenger cars. In that use of belt air for
ventilation poses a particularly high smoke risk for miners, it is unimaginable that belt air mines could
ensure the same level of safety at all times as non-belt air mines without specific conveyor belt smoke
standards.

FRA Expands their Smoke Emission Guidelines

In early 1989, the FRA reissued their material fire safety guidelines.”? The FRA stated that the updated
guidelines “provides an additional performance criteria for...elastomers” i.e., a smoke emission standard.

2 hitp://www.astm.org/Standards/E662.htm.

21 At the time the guidelines were first published, there was no smoke emission performance standard for
clastomers. As discussed below, FRA added a smoke emission standard for elastomers in 1989.

22 Gee Part V, “Test Method To Determine the Smoke Emission Characteristics of Cabin Materials,”
Appendix F to Part 25 of Title 14, Code of Federal Regulations. ASTM F814-83 is identical to ASTM E-
662 other than a modified sample holder to allow testing of certain plastics.

2 54 Fed. Reg. 1837, January 17, 1989.
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Thus, the FRA recognized that virtually every component of rail cars needed a smoke emission limit as
well as a flame resistance standard.”

The FRA stated that additional information in the guidelines, including the smoke emission limitation for
elastomers,

was obtained from a more exhaustive review of available fire standards, both in
the USA and in Europe.

The FRA’s smoke emission criteria for elastomers was set at Dg (1.5 ) < 100 and Dy (4.0) < 200, the
same as for most other materials. Thus, the elastomer smoke emission limit guidelines reflects a
strong consensus of the maximum optical density consistent with ensuring that people have
sufficient visibility to escape from an enclosed burning environment following a disaster; it is the
limitation on smoke emission which is the crucial issue, not the specific material emitting the smoke.

It should be noted that even though the FRA uses different flame resistance tests, depending on the
material being tested, ASTM E-662 is the only smoke emission test used in the guidelines.

Turning Guidelines Into Regulations

The FRA published an Advance Notice of Proposed Rulemaking (ANPRM) on a wide range of
passenger equipment safety standards, including smoke safety requirements.” The ANPRM was the first
step in the agency’s process converting the material fire safety guidelines into regulations.

The FRA examined three basic fire safety questions in the ANPRM, one of which dealt with smoke.
The three fire safety issues addressed in the NPRM were whether regulations or more detailed guidelines
were needed to:

(1) Prevent fire or retard its growth?
(2) Detect and suppress fire?
(3) Protect occupants from the effects of fire?

Thus, the FRA, in a rulemaking process, explicitly considered the issue of whether flame resistance and
suppression was sufficient to protect human lives, or whether smoke safety standards were also needed.

An appendix to the ANPRM contained a “detailed set of equipment design provisions” for consideration
and comment. The ANPRM contained two separate smoke safety provisions.

4 The only exception was for structural floor materials which were required to meet an ASTM test to
ensure that they retained their structural integrity in a fire.

2 6] Fed Reg 30672, June 17, 1996.
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6. All materials and finishes used or installed in the construction of the
trainset shall have sufficient resistance to fire, smoke and fume production to
allow sufficient time for fire detection, for the trainset to stop and for safe
evacuation of passengers before lethal conditions develop. ...

7. At a minimum, the materials used for the construction of cab interiors
including but not limited to walls, floors ceilings, seats, doors, windows,
electrical conduits, air ducts and any other internal equipment shall meet FRA
guidelines published in the Federal Register on January 17, 1 989.%

The National Transportation Safety Board Highlights the Danger of Smoke and the Need for Sm oke
Safety Standards

In 1997, before the FRA published the NPRM, the National Transportation Safety Board (NTSB) issued
a detailed Accident Report, including recommendations, following a 1996 collision between a commuter
train and an Amtrak train near Silver Spring, MD. The NTSB highlighted the dangers of smoke.
According to an NTSB document issued soon after the accident, of the three crewmembers and 20
passengers on the commuter train “Two crewmembers and 7 passengers died of smoke inhalation, and
1 crewmember and 1 passenger died as a result of impact injuries....”*’

In the formal 1997 Accident Report, NTSB included witness accounts of the immediate aftermath of the
accident,

One student, who was sitting next to an emergency window on the last
seat in the rightrear section of control cab car 7752, described the smoke as
extending from about 2 feet above the floor to the car ceiling. ...

Another student stated that the conductor with another person came from
the front of the car shouting, "everybody run to the back" and the conductor had
reached the midpoint of the car when the collision occurred. The student
reported that after the collision, he was thrown between the seats, the lights went
out, smoke came into the car, and that other students were screaming and
running to the rear of the car. ... He slid to the floor because he could not see or
breathe with the smoke.™

Another witness,

% 6] Fed. Reg. 30709, June 17, 1996. [Emphasis added]
27 National Transportation Safety Board, R-96-7, March 12, 1996.

28 National Transportation Safety Board, Railroad Accident Report, NTSB/RAR-97/02, p. 31.
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recounted that he proceeded immediately after the crash to the rear door exits,
that he felt the heat from the fire on his back, and that smoke quickly filled the
car. He reported that he looked “high and low” for “handles or gadgets or
something to open the doors” but smoke obscured his vision and that he could
find nothing to open the doors.”

Although burning diesel fuel was the primary cause of the fire and smoke, NTSB tested materials in the
train in accordance with “FRA recommendations for testing the flammability and smoke emission
characteristics for commuter and intercity rail vehicle materials.”® The NTSB found that several
materials failed either the smoke emissions limitations in flaming or non-flaming mode and/or the flame
resistance criteria.

While NTSB did not believe, in this specific instance, that the materials meeting standards would have
made a difference to accident outcome “because of the presence of diesel fuel as an ignition source”
“the Safety Board is concerned that the interior materials in the MARC passenger cars did not meet
existing performance criteria for flammability and smoke emissions characteristics.”™"

Moreover,

The Safety Board concludes that because other commuter passenger cars may
also have interior materials that may not meet specified performance criteria for
flammability and smoke emission characteristics, the safety of passengers in
those cars could be at risk.”

NTSB’s recommendations to the Department of Transportation, which would be referenced in FRA’s
NPRM issued soon thereafter, included the recommendation to,

Review the testing protocols within the various modal administrations regarding
the flammability and the smoke emissions characteristics of interior materials
and coordinate the development and implementation of standards for material
performance and testing with the Federal Railroad Administration and the
Federal Transit Administration.”

Thus, the NTSB emphasized the importance of materials meeting both flame resistance and smoke
limitation standards.

? TIbid.

* Tbid,, p. 36.

3! Tbid., pp. 63-64.
32 Ibid., p. 64.

3 TIbid., p. 76.
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FRA Rulemaking Responds to NTSB: Creating A Systems-Based Approach to Comprehensive
Fire Safety

The FRA’s NPRM noted that the agency “has specifically responded in § 238.105 (Fire protection
program) of this NPRM to the Board’s recent recommendation concerning the flammability and smoke
emission characteristics of interior materials in existing passenger cars.”*

There are two sections of the proposed rule concerned with fire safety, one setting standards for flame
resistance and smoke emission limitations for all materials used in passenger cars and rail cabs, and other
setting a systems-based approach to fire safety analogous to MSHA’s multi-faceted belt air rulemaking,
which included among it requirements that railroads “Reasonably ensure that a ventilation system does
not contribute to the lethality of a fire.”

The proposed “system safety program,” based on the Defense Department’s Military Standard: System
Safety Program Requirements (MIL-STD-882(C)), included two fire safety analyses, each of which
required railroads to consider the role of smoke emissions characteristics of materials used in areas that
could harm passengers and workers. With respect to the second fire safety analysis, the NPRM directed
railroads to:

Complete a final fire safety analysis (equivalent to that required for new
equipment in this section) for any category of existing equipment and service
evaluated during the preliminary fire safety analysis as likely presenting an
unacceptable risk of personal injury, including consideration of the extent to
which interior materials comply with the test performance criteria for
flammability and smoke emission characteristics contained in Appendix B to this
part or alternative standards approved by FRA under this part;’®

The FRA’s fire safety analysis is analogous to the decision MSHA District Managers would be required
to make under the belt air rulemaking regarding a mine owner’s,

justification in the plan that the use of air from a belt entry would afford at least
the same measure of protection where belt haulage entries are not used to
ventilate working places.”

The FRA proposed (and mandated in the Final Rule) that consideration of smoke emission
characteristics be an integral component of fire safety analysis. As will be discussed in CRE’s comments

34 62 Fed Reg. 49751, September 23, 1997.

35 Tbid., p. 49800.

3 Tbid., p. 49801. [Emphasis added.]

37 73 Fed. Reg. 35053, June 19, 2008. . [Emphasis added.]



Center for Regulatory Effectiveness
-17-

on the belt air NPRM, evaluation of smoke emission characteristics will also be a non-discretionary
component of MSHA'’s balancing decision on whether a ventilation plan actually does at all times
“afford at least the same measure of protection” as not using belt air — it will not be possible for a
mine owner to demonstrate equal protection at all times without specific smoke emission criteria.

Final Rule: Consolidating and Implementing Smoke Safety Requirements

In comments to the FRA, the Brotherhood Railway Carmen (BRC, now part of the Transportation
Communications International Union) emphasized the need for stringent smoke and flame safety
requirements and advocated that requirements be made even stricter. The BRC,

stated that interior materials in passenger equipment must be required to meet
strict standards for flammability and smoke emission. The BRC believed that
compliance with the current guidelines alone is insufficient for safety, and that
additional technology, preventative measures, and fire safety standards must be
considered.*®

Another commenter, stressing the need for smoke safety, informed the agency that,

he considered FRA'’s fire safety guidelines good in some but not all respects. The
commenter stated in particular that the current acceptance levels of smoke
emission are inadequate to protect passengers from toxic levels of smoke...

In the final rule, based on public comment, FRA consolidated the sections on “fire safety planning and
analysis requirements” and the section on flame resistance and smoke emissions standards. The final
rule clarified that not only were interior materials to comply with smoke and flame safety standards but
also the agency “intended that ‘exterior’ materials used in constructing passenger cars and locomotive
cabs comply with test performance criteria for flammability and smoke emission characteristics.”®

With respect to when the adherence to smoke and flame standards take effect, the agency explained,

Simply put, if material is introduced into passenger cars and locomotive cabs
during any kind of rebuild, refurbishment, or overhaul of the equipment, the
material must comply with the test performance criteria for flammability and
smoke emission characteristics....*°

Although the final rule allows companies to request agency permission to use “alternative standards
issued or recognized by an expert consensus organization in lieu of”” the smoke safety and fire resistance

3% 64 Fed. Reg. 25555, May 12, 1999.
* TIbid., p. 25589.
 Tbid.
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standards specified in the rule, at no time does the safety agency entertain the notion that flame resistance
standards alone are sufficient to protect workers and passengers from smoke. Instead, FRA recognized
that tandem standards for smoke limitation and flame resistance is a fundamental fire safety principle.

Updating and Reaffirming Smoke Safety Requirements

In issuing its final rule responding to petitions for reconsideration related to fire safety, the FRA made
minor technical clarifications and updated the version of the smoke density test required. Specifically,
the FRA required use of the 2001 version of the test (ASTM E 662-01) instead of the 1997 version. The
E—662 test is the only smoke density test contained in the final rule.

Fire Safety Rulemaking: Lessons Learned

There are several key lessons from the UMTA/FRA multi-decade fire safety standard research and
development program that are directly applicable to MSHA and underground mine safety:

1. Evaluation of smoke emission characteristics is an essential component of a fire safety
analysis — an analysis that will be required for belt air mines.

2. Flame resistance standards are not a sufficient or appropriate means of controlling smoke
emissions.

3. Materials should have a maximum optical density between 100-200 using ASTM E-662
to allow people the visibility to escape from an enclosed burning environment.

OPTION 2:
MSHA ISSUE A FLAME RESISTANCE FURTHER NOTICE OF PROPOSED
RULEMAKING SIMULTANEOUSLY WITH A SMOKE DENSITY NPRM

In lieu of publishing simultaneous Interim Final Rules for smoke density and flame resistance, MSHA
could opt to publish a Notice of Proposed Rulemaking on smoke safety and a Further Notice of Proposed
Rulemaking on flame resistance.

Flame Resistance FNPRM

As will be detailed in CRE’s comments on the belt air NPRM, in the current belt air rulemaking, MSHA
has not:

»  Accurately characterized the reliability and reproducibility of the BELT;

» Included in the rulemaking docket for public review and comment the test data on which the
agency’s assertions are based,
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» Determined, using current conveyor belting samples, the extent to which the BELT correlates
to the large scale gallery test it is intended to mimic, or its repeatability using current samples;

» Assessed whether the flammability test meets the requirements of the Data Quality Act and
implementing guidelines; and

»  Explained the methodology, consistent with OMB guidance, mine owners and MSHA officials
are to use in determining that belt air ventilation plans “at all times affords at least the same
measure of protection” as when belt air is not used.

In the FNPRM, MSHA will need to present the above data for public review and comment.
Smoke Density NPRM

Simultaneous with the above FNPRM, MSHA must publish an NPRM that allows the agency to set the
smoke safety standards necessary to ensure that workers are able to escape from the mine following a
disaster.

Smoke Toxicity ANPRM

Simultaneous with the above rulemaking, MSHA must publish an ANPRM based on federally-
developed and other stakeholder data that allows the agency to set the smoke toxicity limits, using
consensus standard testing methodologies, necessary to help ensure that workers are able to escape from
the mine following a disaster.

CONCLUSION

» MSHA will not be able to approve belt air ventilation plans without having a smoke density
standard.
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1

INTERNATIONAL

Standard Test Method for

An American National Standard

Specific Optical Density of Smoke Generated by Solid

Materials'

This standard is issued under the fixed designation E 662: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Depariment of Defense.

1. Scope

1.1 This fire-test-response standard covers determination of
the specific optical density of smoke generated by solid
materials and assemblies mounted in the vertical position in

thicknesses up to and including 1 in. (25.4 mm).

1.2 Measurement is made of the attenuation of a light beam
by smoke (suspended solid or liquid particles) accumulating
within a closed chamber due to nonflaming pyrolytic decom-

position and flaming combustion.

1.3 Results are expressed in terms of specific optical density
which is derived from a geometrical factor and the measured
optical density, a measurement characteristic of the concentra-

tion of smoke.

1.4 This test method is intended for use in research and
development and not as a basis for ratings for regulatory

purposes.

1.5 This standard measures and describes the response of
materials, products, or assemblies 10 hear and flame under
controlled conditions, but does not by itself incorporate all
Sactors required for fire hazard or fire risk assessment of the
materials, products or assemblies under actual fire conditions.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard 10 establish appro-
priate safetv and health practices and determine the applica-

bility of regulatory limitations prior to use.

1.7 The values stated in inch-pound units are to be regarded
as standard. Values stated in parentheses are for information

only.

2. Referenced Documents
2.1 ASTM Standards: *

D 2843 Test Method for Density of Smoke from the Burn-

"This test method is under the jurisdiction of ASTM Committee EO5 on Fire
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and

Combustion Products.

Current edition approved July 15, 2006, Published August 2006, Originally

approved in 1979, Last previous edition approved in 2005 as E 662 - 03.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org, For Annual Book of ASTM
Srandards volume information, refer 1o the standard’s Document Summary page on

the ASTM website.

ing or Decomposition of Plastics
£ 176 Terminology of Fire Standards

3. Terminology

3.1 Definitions—For definitions of terms found in this test
method refer to Terminology £ 176,

4. Summary of Test Method

4.1 This test method employs an electrically heated radiant-
energy source mounted within an insulated ceramic tube and
positioned so as to produce an irradiance level of 2.2 Bu/
$ft3(2.5 Wi/cm?) averaged over the central 1.5-in. (38.1-mm)
diameter area of a vertically mounted specimen facing the
radiant heater. The nominal 3 by 3-in. (76.2 by 76.2-mm)
specimen is mounted within a holder which exposes an arca
measuring 2%i6 by 2% in. (65.1 by 65.1 mm). The holder is
able to accommodate specimens up to 1 in. (25.4 mm) thick.
This exposure provides the nonflaming condition of the test.

4.2 For the flaming condition, a six-tube burner is used to
apply a row of equidistant flamelets across the lower edge of
the exposed specimen area and into the specimen holder
trough. This application of flame in addition to the specified
irradiance level from the heating element constitutes the
flaming combustion exposure.

4.3 The test specimens are exposed to the flaming and
nonflaming conditions within a closed chamber. A photometric
system with a vertical light path is used to measure the varying
light transmission as smoke accumulates. The light transmit-
tance measurcments are used to calculate specific optical
density of the smoke generated during the time period to reach
the maximum value.”

S. Significance and Use

5.1 This test method provides a means for determining the
specific optical density of the smoke generated by specimens of
materials and assemblies under the specified exposure condi-
tions. Values determined by this test are specific to the
specimen or assembly in the form and thickness tested and are

' Additional parameters, such as the maximum rate of smoke accumulation, time
to a fixed optical density level. or a smoke obscuration index provide potentially
useful information. See Appendiz Xi.

Copyright @ ASTM Intemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2953, United States.
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not to be considered inherent fundamental properties of the
material tested. Thus, it is likely that closely repeatable or
reproducible experimental results are not to be expected from
tests of a given material when specimen thickness, density, or
other variables are involved.

5.2 The photometric scale used to measure smoke by this
test method is similar to the optical density scale for human
vision. However, physiological aspects associated with vision
are not measured by this test method. Correlation with mea-
surements by other test methods has not been established.*

5.3 At the present time no basis is provided for predicting
the density of smoke generated by the materials upon exposure
to heat and flame under other fire conditions.

5.4 The test method is of a complex nature and the data
obtained are sensitive to variations which in other test methods
might be considered to be insignificant (see Section &). A
precision statement based on the results of a roundrobin test by
a prior draft version of this test method is given in 14.}

5.5 In this procedure. the specimens are subjected to one or
more specific sets of laboratory test conditions. If different test
conditions are substituted or the end-use conditions are
changed, it is not always possible by or from this test method
to predict changes in the fire-test-response characteristics
measured. Therefore, the results are valid only for the fire test
exposure conditions described in this procedure.

6. Limitations

6.1 If during the test of one or more of the three replicate
samples there occurs such unusual behavior as (/) the speci-
men falling out of the holder, (2) melied material overflowing
the sample holder trough, (3) self-ignition in the pyrolysis
mode, (4) extinguishment of the flame tiplets (even for a short
period of time), or (5) a specimen being displaced from the
zone of controlled irradiance, then an additional three samples
of the identical preconditioned materials shall be tested in the
test mode in which the unusual behavior occurred. Data
obtained from the improper tests noted above shall not be
incorporated in the averaged data but the occurrence shall be
reported. The test method is not suitable if more than three of
the six replicates tested show these characteristics.

6.2 The test method has proven sensitive to small variations
in sample geomelry, surface orientation, thickness (either
overall or individual layer), weight, and composition. It is,
therefore, critical that the replicate samples be cut, sawed. or
blanked Lo identical sample areas, 3 by 3. +0, =0.03 in. (76.2
by 76.2,+40,-0.8 mm), and that records be kept of the
respective weights with the individual test data. It is feasible
that evaluation of the obtained data together with the individual
weights will assist in assessing the reasons for any observed
variability in measurements. Preselection of samples with
identical thickness or weight, or both, are potential methods to

* Other test methods for measuring smoke available at the time of the publica-
tions referenced have been reviewed and surmmarized in “The Control of Smoke in
Building Fires—AA State of the Art Review.” Murerialy Research and Standards, Vol
42, April 1971, pp. 16-23 and “A Report on Smoke Test Methods.” ASTM
Standardization News. August 1976, pp. 18-26.
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reduce the variability but are likely to not be truly indicative of
the actual variability to be expected from the material as
normally supplied.

6.3 The results of the test apply only to the thickness of the
specimen as tested. There is no common mathematical formula
to calculate the specific optical density of one thickness of a
material when the specific optical density of another thickness
of the same material is known.

6.4 The test method is sensitive to small variations of the
position of the specimen and radiometer relative to the radiant
heat source.

6.5 It is critical to clean the test chamber, and to remove
accumulated residues from the walls when changing from one
test material to another, to ensure that chemical or physical
recombination with the effluents or residues produced does not
affect the data obtained. Even when testing the same material,
excessive accumulations of residue shall not be permitted to
build up since ruggedness tests have indicated that such
accumulations serve as additional insulators tending to reduce
normally expected condensation of the aerosol, thereby raising
the measured specific optical density.

6.6 With resilient samples, take extreme care (o ensure that
each replicate sample in its aluminum foil wrapper is installed
so that each protrudes identically through the front sample
holder opening. Unequal protrusion will subject the samples to
different effective irradiances and to slightly different ignition
exposures. Excessive protrusion of specimens has the potential
to cause drips or for the specimen to sag onto the burner,
clogging the flame jets and thereby invalidating the test.

6.7 The measurements obtained have also proven sensitive
to small differences in conditioning (see Section 9). Many
materials such as carpeting and thick sections of wood,
plastics, or plywood require long periods to attain equilibrium
(constant weight) even in a forced-draft humidification cham-
ber.

7. Apparatus

7.1 Fig. | shows examples of the test apparatus, with a
detailed description contained in the remainder of Section 7
and in Annex A2. The apparatus shall include the following:

7.1.1 Test Chamber—As shown in Fig. 1, the test chamber
shall be fabricated from laminated panels® to provide inside
dimensions of 36 by 24 by 36 = '& in. (914 by 610 by 914 =
3 mm) for width, depth, and height, respectively. The interior
surfaces shall consist of porcelain enameled metal, or equiva-
lent coated metal resistant to chemical attack and corrosion,
and suitable for periodic cleaning. Sealed windows shall be
provided to accommodate a vertical photometric system. All
other chamber penetrations shall be sealed. When all openings
are closed, the chamber shall be capable of developing and
maintaining positive pressure during test periods, in accor-
dance with [1.11.

7.1.2 Radiant Heat Furnace—As shown in Fig. 2, an
electric furnace with a 3-in. (76.2-mm) diameter opening shall

* Commercially available panels of porcelain-enameled steel (interior surface)
permanently laminated 1o an asbestos-magnesia core and backed with galvanized
steel (exterior surface). total thickness ¥ie in, (9.6 mm), have been found suitable.

Goodycar Tire Rubber Co pursuant to License Agreement. No further reproductions authorized.
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3" Insﬂ\ 24" Inside

AR

Q A

A—Fhotomultiplier tube housing
B-~Chamber

C—Blow-out panel {in floor of chamber)

D—Hinged door with window
E—Exhaust vent control
F—Radiometer output jacks
G---Temperature (wall) indicator
H—~Autotransiormer
|—Furnace switch
J—Valtmeter (furnace)
K—Fuse holder (furnace)
L—Radiometer air flowmeter

M—=Gas and air (burmer) flowmeter

N

36" Inside

N—Flowmeter shutoff valves
0O—Sample mover knob
P—Light source switch
Q—Light source voltage jacks
R-—Line switch

S—Base cabinet

T—Indicating lamps
U—Micropnotometer (photomultiplier)
V-——Optical system rods
W—0Optical system floor window
X—Exhaust vent damper
¥—Inlet vent damper
Z-——Access ports

FIG. 1 Smoke Density Chamber Assembly

be used to provide a constant irradiance on the specimen
surface. The furnace shall be located along the centerline
equidistant between the front and back of the chamber, with the
opening facing toward and about 12 in. (305 mm) from the
right wall. The centerline of the furnace shall be about 7% in.
(195 mm) above the chamber floor. The furnace control system
shall maintain the required irradiance level, under steady-state

Copyright by ASTM Int'l (all rights reserved); Mon Mar 12 14:22:06 EST 2007
Downleaded/printed by

conditions with the chamber door closed, of 2.20 = 0.04
Bu/ft?s (2.50 = 0.05 W/em®) for 20 min. The control system
shall consist of an autotransformer or alternative control
device, and a voltmeter or other means for monitoring the
electrical input. Where line voltage fluctuations exceed £2.5,
a constant voltage transformer is required to maintain the
prescribed irradiance level.

Goodyear Tire Rubber Co pursuant to License Agreement, No further reproductions authorized.
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A—Stainless steel tube

B—Front insulating ring
C—Ceramic tube

D—Heater/plate 325 W
E-—Stainless steel mounting screw
F—Insulating gasket

G—Stainless steel spacers
H—Stainless steel reflectors (3)
J—Center insulating disk
K—Insulating spacer ring
L—~Rear insulating disk
M—Sheet metal screw (2)

P—Heater leads/porcelain beads
FIG. 2 Furnace Section

7.1.3 Specimen Holder—Specimen holders shall conform in
shape and dimension to that shown in ii¢. 3 and be fabricated
to expose a 2% by 2%¢6-in. (65.1 by 65.1-mm) specimen area.
Also shown in Fig. 3 are the spring and rods for retaining the
specimen within the holders.

7.1.4 Framework for Support of Furnace and Specimen
Holder—The furnace and specimen supporting framework
shall be constructed essentially in accordance with Fig. .

7.1.5 Photometric System—The photometric system shall
consist of a light source and photodetector, oriented vertically
to reduce measurement variations resulting from stratification

Copyright by ASTM Int'l (all rights reserved); Mon Mar 12 14:22:06 EST 2007
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of the smoke generated by materials under test. The system
shall be as shown in Figs, 5 and 6 and include the following:

7.1.5.1 The light source shall be an incandescent lamp
operated at a fixed voltage in a circuit powered by a constant-
voltage transformer. The light source shall be mounted in a
sealed and light-tight box. This box shall contain the necessary
optics to provide a collimated light beam passing vertically
through the chamber. The light source shall be maintained at an
operating voltage required to provide a brightness temperature
of 2200 = 100°K.

Goodyear Tirc Rubber Co pursuant to License Agreement. No further reproductions authorized.
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FIG. 3 Details of Specimen Holder and Pilot Burner
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A—Photomultiplier housing

B--Photomultiplier tube and socket

C—Upper shutter blade, with ND2 filter over one aperture
D—Lower shutter blade, with single aperture

E—Opal diffuser filter

F—Aperature disk

G—Neutral density compensating filter (from set of 9)
H—Lens, 7 diopter (2}

J—Optical system housing (2)

K—Optical system platforms (2)

L—Optical windows (2)

M—Chamber roof

N—Alignment rods (3)

P—Parallel light beam, 1.5-in. {37.5-mm) diameter
Q—Chamber floor

R—0Optical window heater, silicone-fiberglass 50 W/115 WV
S—Regulated light source transtormer, 115/125 V-6 V
T—Adjustable resistor, light source, adjusted for 4 V

U—Light source
FIG. 5 Photometer Details

7.1.5.2 The photodetector shall be a photomultiplier tube,
with an S-4 spectral sensitivity response and a dark current less
than 107 A. A set of nine gelatin compensating filters varying
from 0.1 to 0.9 neutral density are mounted one or more as
required in the optical measuring system to correct for differ-
ences in the luminous sensitivity of the photomultiplier tube.
These filters also provide correction for light source or photo-
multiplier aging and reduction in light transmission, through

Copyright by ASTM Int'l (all rights reserved); Mon Mar 12 14:22:06 EST 2007
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discolored or abraded optical windows. An additional criterion
for selection of photomultiplier tubes requires a minimum
sensitivity equivalent to that required to give a full scale
reading with only the No. 5 compensating filter in the light
path. A light-tight box located directly opposite the light source
shall be provided to mount the photodetector housing and the
associated optics. A glass window shall be used to isolate the
photodetector and its optics from the chamber atmosphere.
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Al & 662 - 06

Rear of Chamber

e o VR e e %
4II
B 4@———-& g
§ /-— 3" Dpia 10
3]
Ny
o -
[
s
K
w 1
L Dia.
Metal Rod
s 415|| gl

OPTICAL SYSTEM LOCATION
plan view
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7.1.5.3 In addition to the above compensating filter, a
neutral density range extender filter permitting the system to
measure to Optical Density 6 is incorporated in the commercial
version of the smoke density chamber. The accuracy of
read-outs in the range above D, 528 is affected by the excessive
light scattering present in such heavy smoke concentration.
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Where D, values over 500 are measured, it is necessary (o
provide a chamber window cover to prevent room light from
being scattered into the photomultiplier, thereby providing an
incorrect higher transmission value.

7.1.6 Radiometer—The radiometer for standardizing the
output of the radiant heat furnace shall be of the circular foil
type, the operation of which was described by Gardon.® The
construction of the radiometer shall be as shown in Fig. 7. It
shall have a stainless steel reflective heat shield with a 1'2-in.
(38.1-mm) aperature on the front and a finned cooler supplied
with compressed air mounted on the rear to maintain a constant
body temperature of 200 % 5°F (93 % 3°C).

7.1.7 Thermocouple—A thermocouple shall be fixed to the
center of the inner surface of the wall opposite the door.

7.1.8 Output Instrumentation—The outputs of the radiom-
eter shall be measured using a potentiometer and the results
recorded. The photodetector output shall be measured with a
potentiometer or other suitable instrument capable of measure-
ment over the range of the apparatus. See Annex Al

7.1.9 Manometer for Chamber Pressure Measurements —A
simple water manometer with a range up to 6 in. (152 mm) of
water shall be provided to monitor chamber pressure and
leakage. The pressure measurement point shall be through a
gas-sampling port in the chamber. A simple water column or
relief valve shall be provided to permit control of chamber
pressure (see AZ.8).

® Gardon K., “An Instrument for the Direct Measurement of Intense Thermal
Radiation.” Review af Scientific Instrumnents, Vol 24, 1953, pp. 366370,
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7.1.10 Multiple Flameler Burner—For a flaming exposure
test, a six-tube burner, with construction details as shown in
Fig. 3, shall be used. The burner shall be centered in front of
and parallel to the specimen holder. The tips of the two
horizontal tubes shall be centered ¥4 = Vis in. (6.4 = 1.5 mm)
above the lower opening of the specimen holder and Y4 = 32
in. (6.4 = 0.8 mm) away from the face of the specimen surface.
Provision shall be made to rotate or move the burner out of
position during nonflaming exposures. The fuel shall be
propane having a 95 % purity or better. Filtered oil-free air and
propane shall be fed through calibrated flowmeters and needle
valves at 500 cm*/min for air and 50 cm*/min for the propane
and premixed prior to entry into burner.

7.1.10.1 Tt is possible that sample drippings or residue will
cause constrictions (or even completely seal) the small open-
ings in the individual burner tiplets unless the test residues are
immediately removed while still warm and viscous. One way
to correct or prevent this situation, is for the user to prepare a
set of six tempered spring steel wires each approximately 3%
in. (89 mm) long fabricated from 30-gage (0.014 in.) wire, with
one end crimped or brazed to a knob to facilitate handling and
to prevent possible loss of the wire by complete insertion.
When a burner tiplet becomes clogged as indicated by flame
extinguishment and inability to relight or by a distorted flame
shape, thus invalidating the test, insert one of the wires and
work it through several times to clear the obstruction. Tmme-
diately upon removal of the burner from the chamber while still
warm, insert all six wires in a like manner but leave them in
place until the next time the burner is used. Where residues and
clogging persist, prepare a suitable solvent bath so as to
immerse the complete burner and use the wires to loosen any
hardened residue. Because of the construction, it is impossible
to service the individual burner tiplets from the opposite
direction, but becausc of ratio of diameters any obstruction
pushed through the small diameter tiplets is likely to readily
drop through the large diameter body tubing. Since most of
these solvents are hazardous, lake proper precautions for
handling and protection of personnel. If flammable solvents are
used, take care to ensure that “*hot” burners are not immersed
until cooled to room temperature.

8. Test Specimens

8.1 Size—The test specimens shall be 3 by 3, +0, =0.03 in.
(76.2 by 76.2, +0, —0.8 mm) by the intended installation
thickness up to and including 1 in. (25.4 mm). Materials
greater than 1 in. (25.4 mm) thick shall be sliced to 1-in.
(25.4-mm) thickness, and each original (uncut} surface tested
separately if required under 5.2, 1. The results are valid only for
the thickness and form in which il is tested.

8.2 Specimen Orientation—1If visual inspection of a male-
rial indicates a pronounced grain pattern. process-induced
orientation or other nonisotropic property, a minimum of three
specimens shall be tested for each orientation in each test
mode. Exception: Where data are available and to show that
orientation of a specimen has no significant effect on test
results, the specimen is only required to be tested in one
orientation with each test mode (Note 1). When specimens
require testing in different orientations, results of tests for each
orientation shall be reported separately. Test results from
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specimens tested under different orientations shall not be used
to obtain average values.

Nore |—It has been shown the orientation of carpet test specimens in
terms of length and width (parallel and perpendicular to manufactured
direction) has no statistically significant effect on the specific optical
density obtained using this test method (1).7

8.3 Specimen Assembly:

8.3.1 The specimen shall be representative of the materials
or composite and shall be prepared in accordance with recom-
mended application procedures. Flat sections of the same
thickness and composition are to be tested rather than curved,
molded, or specialty parts. Substrate or core materials for the
test specimens shall be the same as those for the intended
application. If a material or assembly has the potential (o be
exposed to a fire on either side, both sides shall be tested. If an
adhesive is intended for field application of a finish material or
substrate, the prescribed type of adhesive and the spreading
rate recommended for the assembly of test specimen shall be
used and reported.

8.3.1.1 Finish materials, including sheet laminates, tiles,
fabrics, and others secured to a substrate material with adhe-
sive, and composite materials not attached to a substrate, have
the potential to be subject to delamination, cracking, peeling,
or other separations affecting their smoke generation. To
evaluate these effects, it is often necessary to perform supple-
mentary tests on a scored (split) exposed surface, or on interior
layers or surfaces. When supplementary tests are conducted for
this purpose, the manner of performing such supplementary
tests, and the test results, shall be included in the report with
the conventional test results.

8.3.2 For comparative tests of finish materials without a
normal substrate or core, and for screening purposes only, the
following procedures shall be employed:

the standard procedure regardless of thickness.

8.3.2.2 In the absence of a specified assembly system,
paints, adhesives, elc., intended for application to combustible
base materials, shall be applied to the smooth face of Yi-in,
(6.4-mm) thick tempered hardboard, nominal density 50 to 60
1b/£6%(800 to 960 kg/m®), using recommended (or practical)
application techniques and coverage rates. Tests shall also be
conducted on the hardboard alone, and these values shall be
recorded as supplemental to the measured values for the
composite specimen.

8.3.2.3 Paints, adhesives, etc., intended for application to
noncombustible substrate materials. shall be applied to the
smooth face of Va-in. (6.4-mm) thick inorganic reinforced
cement board, nominally 110 = 10 b/f}(1762 = 160 kg/m®)
in density, using recommended (or practical) application tech-
niques and coverage rates.

8.3.2.4 If fabrics or thin flexible films tend to shrink. to
bunch, to blister, or to pull out from under the specimen holder
during the test, the three test specimens shall be stapled with its
aluminum foil wrapper to the inorganic insulation millboard

" The boldface numbers in parentheses refer to the list of references at the end of
this standard.
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backing. Five wire staples,” approximately 2 by % by 0.02 in.
(12.7 by 6.3 by 0.5 mm),” shall be positioned horizontally at
the center, and at the center of the four quadrants.®

8.3.3 Specimmen Mounting:

8.3.3.1 All specimens shall be covered across the back,
along the edges, and over the front surface periphery with a
single sheet of aluminum foil (0.001 = 0.0005 in. or approxi-
mately 0.04 mm) with the dull side in contact with the
specimen. Care shall be taken not to puncture the foil or
introduce unnecessary wrinkles during the wrapping operation.
Fold in such a way so as to minimize losses of melted material
at the bottom of the holder. Excess foil along the [ront edges
shall be trimmed off after mounting. A flap of foil shall be cut
and bent forward at the spout to permit flow from melting
specimens.

8.3.3.2 All specimens shall be backed with a sheet of '2-in,
(12.7-mm) thick inorganic insulation millboard. The specimen
and its backing shall be secured with the spring and retaining
rod. A modified C-shape retaining rod or similar device shall be
used with specimens from % to 1 in. (16 to 25 mm) thick. Do
not deform compressible specimens below their normal thick-
ness.

9. Conditioning

9.1 Predry specimens for 24 h at 140 = 5°F (60 + 3°C) and
then condition to equilibrium (constant weight) at an ambient
temperature of 73 = 5°F (23 = 3°C) and a relative humidity of
50 £ 5% (see 6.7).

9.2 While in the conditioning chamber. specimens shall be
supported in racks so that air has access to all surfaces.
Forced-air movement in the conditioning chamber will assist in
accelerating the conditioning process.

10. Number of Test Specimens

10.1 Conduct three tests under flaming exposure and three
tests under nonflaming exposure on each material (total of six
specimens) in accordance with the conditions described herein.

10.1.1 When any result in any set of three replicates is such
that it exceeds the minimum result by 50 % for no apparent
reason, test an additional set of three replicates and report the
average of all six results.

10.1.2 Where one or more of the three replicate tests
demonstrate an unusual behavior such as detailed in 6.1, test
three additional replicates. Average only the data from the
successful tests.

10.2 Prior to use in a test, record the weight of each sample.
Comparison of the weights with the individual optical density
results has the potential to assist in assessing the reasons for the
variability in measurements.

11. Procedure

11.1 Conduct all tests in a room or enclosed space having an
ambient temperature of 73 £ 5°F (23 £ 3°C) and relative
humidity of approximately 50 % at the time of test. Take

" Bostitch B8, Swingline 888. Acc., Monarch No | FT, or similar, have been
found satisfactory.

Copyright by ASTM Int'l (all rights reserved); Mon Mar 12 14:22:06 EST 2007
Downloaded/printed by

precautions to provide a means for removing potentially
hazardous gases from the area of operation.

11.1.1 Caution is urged during use of apparatus to prevent
explosion of pyrolyzates, particularly under nonflaming condi-
tions. Good laboratory procedure is urged also to prevent
exposure of the operator to smoke, particularly during removal
of the sample from the chamber or in clean-up.

11.2 Clean the chamber walls whenever periodic visual
inspection indicates the need.” Clean the exposed surfaces of
the glass windows separating the photodetector and light
source housing from the interior of the chamber, before each
test (ethyl alcohol is generally effective). Charred residues on
the specimen holder and horizontal rods shall be removed
between tests to avoid contamination.

11.3 During the warm-up period all electric systems (fur-
nace, light source, photometer readout, etc.) shall be on, the
exhaust vent and chamber door closed, and the inlet vent open.
When the temperature on the center surface of the back wall
reaches a steady-state value in the range of 95 = 4°F (35 =
2°C) the chamber is ready for furnace calibrating or testing. To
increase chamber wall surface temperature to the stated level it
is permissible for an auxiliary heater to be used but it shall be
removed prior to performing tests; conversely to decrease this
temperature, the exhaust blower is a useful tool to introduce
cooler air from the laboratory, Standardize the furnace output
irradiance at periodic intervals according to test experience
(normally twice per test day).

11.4 A “blank™ specimen holder, with the inorganic insula-
tion millboard backing exposed shall always be directly in
front of the furnace except when displaced to the side by (/) the
specimen holder during a test or (2) the radiometer during
calibration. It shall be returned immediately to this position
when testing or calibration is completed to prevent excessive
heating of the adjacent wall surface.

11.5 During the calibration, place the radiometer on the
horizontal rods of the furnace support framework and accu-
rately position in front of the furnace opening, by sliding and
displacing the “blank™ specimen holder against the pre-
positioned stop. With the chamber door closed and inlet vent
opened, adjust the compressed air supply to the radiometer
cooler to maintain its body temperature at 200 = 5°F (93° =
3°C). Adjust the autotransformer setting so as to obtain the
calibrated millivolt output of the radiometer corresponding to a
steady-state irradiance of 2.2 = 0.04 Buw/s-ft’(2.5 = 0.05
W/cm?) averaged over the central 1.5-in. (38.1-mm) diameter
area. Use the recorder or meter described in 7.1.8 to monitor
the radiometer output. After the prescribed irradiance level has
reached steady-state, remove the radiometer from the chamber
and replace with the “blank™ specimen holder.

11.6 After the system has reached steady-state conditions,
adjust the zero of the meter or recorder, or both. Adjust the
amplifier sensitivity to obtain a full-scale reading of the
photodetector (100 % transmittance) on the recorder or readout
meter. Determine the “dark current” (0 % transmittance) on the

“ An ammoniated spray detergent and soft scouring pads have been found
effective.
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maximum sensitivity range of the readout meter by blocking
the light. Adjust the “dark current” reading to zero.

11.7 For nonflaming exposures, remove the multiple flame-
let burner. For flaming exposures, position the burner across
the lower edge of the specimen as described in 7.1.10. Check
the burner distances relative to the “blank™ specimen before
fuel adjustment and ignition.

11.8 Before positioning the test specimen, flush the chamber
with the door and exhaust and inlet vents open for about 2 min,
and verify the starting temperature of the chamber, using the
procedure described in 11.3.

11.9 Close the exhaust vent and blower. Place the loaded
specimen holder on the bar support and push it into position in
front of the furnace (with bumner in position for flaming
exposure) by displacing the “blank™ holder. Quickly close the
chamber door and simultaneously start the timer or recorder
chart drive. or both. Close the inlet vent completely only when
the photometer indicates the presence of smoke.

11.10 Record the light transmittance and the corresponding
time either as a continuous plot with a multirange recorder or
at time intervals no greater than 30 s with a multirange meter
readout. Make and note the necessary full-scale range changes
in decade steps.

11.10.1 The photometer used with this instrument shall have
an accuracy of =3 % or better of the maximum reading on any
range. As such, the percentage error of a given reading
becomes progressively worse at the lower portion of the scale.
Avoid light transmittance on scale readings less than 10 by
making the appropriate decade range change.

11.10.2 Some chambers are equipped with a switch that not
only incorporates ranges of 100, 10, 1, and 0.1 but also ranges
of 30, 3, and 0.3. With such an instrument the greatest accuracy
would be achieved in light transmittance readings by making a
range change in these intermediate ranges when the light
transmittance reading reaches 30 on the O-to-100 meter scale or
10 on the 0-to-33 scale,

11.11 Observe the increase in chamber pressure with the
manometer described in 7.1.9. Use regulator (sce AZ.8) to
maintain the pressure in the range of 4 = 2 in. (100 = 50 mm)
of water during most of the test. If negative pressure develops
after very intense specimen flaming, open the inlet vent slightly
to equalize the pressure. As a result of pressure rise, adjust the
fuel and air valves during the flaming test to maintain constant
flow rate.

11.12 Record any observations pertinent to the burning and
smoke generating properties of the material under test, in
accordance with !3.1.6 and 1317,

11.13 Continue the test for a period of 3 min after a
minimum light transmittance value is reached or after an
exposure of 20 min, whichever occurs first.

11.13.1 Optionally, the test shall be permitted o be con-
ducted for periods in excess of 20 min at the request of the test
SpPONSOr.

11.14 If transmitance falls below 0.0l %, the chamber
window shall be covered with an opaque screen to avoid
possible light-scattering effects from room light. Also any
supplementary optical filter in the photometer system shall be
removed or displaced in order to extend the measuring range.
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If the potential exists for extraneous light to reflect into the
photometer during removal of the filter, turn the high voltage
off or adjust the scale to minimize sensitivity. Replace the filter
before exhausting smoke from the chamber.

11.15 Extinguish the burner on flaming exposures and start
exhausting the chamber within 1 min after terminating the test
(see 11.13 and Note 2). Displace the specimen from the front
of the furnace by pushing the “blank” specimen holder with the
positioning rod. Continue to exhaust with the inlet vent open
until maximum transmittance is reached. Record this transmit-
tance value as the T, “clear beam” reading.

Note 2—In some cases the transmittance will increase somewhat and
subsequently decrease to the ultimate minimum transmittance.,
12. Calculation

12.1 Calculate specific optical density, D, at any given time
as follows:
D, = G [log,, (100/7) + F)

where:

G = V/AL,

V = volume of the closed chamber, ft’(or m?),

A = exposed area of the specimen, ft*(or m?),

L = length of the light path through the smoke, ft (or m),
T = percent light transmittance as read from the light-

sensing instrument, and
= depends on the following:

(1) 1If the movable filter (sec 7.1.5.3) is in the light path at
the time that 7 is being measured. F =0, and 7T is the actual
percent transmittance.

(2) If the filter has been moved out of the light path (sce
7.1.5 3 and !1.14) at the time that T is being measured, F = the
known optical density of the filter (see Al.1.4), and T is an
apparent percent transmittance.

(3) If the optical system is not equipped with a movable
filter in accordance with 7.1.5.3, F=0, and T is the actual
percent transmittance.

12.1.1 For an instrument constructed in accordance with
this standard, corrections for the volume of the furnace
assembly and the volume included in the door recess are
generally less than 1 %. As such, G = 132.

12.1.2 A table for D, versus actual percent light transmit-
tance is given in Appendix X2. The D, values above 528 are
based on an assumed optical density of 2.00 for the movable
filter.

12.2 Calculate the maximum specific optical density, D,
using the equation in 12.1 with a light transmittance corre-
sponding to the minimum level reached during the test.

12.2.1 Similarly, calculate D, using the T, value.

12.2.2 Calculate D, (corrected) as follows:

D, (cor) =D, — D,

12.3 For systems without “dark current” cancellation or
“blank adjust” provisions, a correction shall be made for any
light transmittance reading, 7, approaching the dark current
value, T,. Calculate the corrected light transmittance, 7", as
follows:
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- Verdl T =T
Rl v ol s
and is used for the specific optical density calculations
described in 12.} and 2.2,
12.4 Determine 15, , the time in minutes for the smoke to
accumulate to the maximum specific optical density.
12.5 When the test is continued beyond the standard 20-min
exposure, make all calculations in accordance with 12.1-i2.%
and identify the results as “Extended Exposure.”

13. Report

13.1 Report the following information:

13.1.1 Complete description of the material tested includ-
ing: type, manufacturer, shape, thickness, or other appropriate
dimensions, weight or density, coloring, and any other relevant
details.

13.1.2 Complete description of the test specimens, includ-
ing: substrate or core, special preparation, mounting, specimen
orientation, and any other relevant details.

13.1.3 Information regarding the test specimen, condition-
ing procedure and the duration of conditioning.

13.1.4 Number of specimens tested.

13.1.4.1 When nonisotropic materials are not tested for each
orientation, information on the data and appropriate criteria
used to justify the use of only one orientation shall be included
(see 8.1). Such information shall include the source and
availability of the data.

13.1.5 Test conditions: type of exposure. the exposure
period, and temperature of chamber wall.

13.1.6 Observations of the behavior of the specimen during
test exposure, such as delamination, sagging, shrinkage. melt-

ing, collapse, and any other relevant details, including the time
of such occurrence. The time of any change in exposure mode
shall be noted.

13.1.7 Observations of the smoke-generating properties of
the specimens during exposure, such as color of the smoke,
nature of the settled particulate matter, etc.

13.1.8 A tabulation or curve of time versus either percent
transmittance or D (rounded to two significant figures) for each
run of the three test specimens.

13.1.9 Test results rounded to two significant figures as
described in Section 12 including the average and range on
each set of specimens for D,, with time of occurrence, and
D, (corr).

"

Note 3—Prior to the adoption of this test method, it was customary to
report the maximum smoke accumulated as D, (corr), and for that reason
it has been included as a part of the test report. Subsequently, a statistical
analysis of the round-robin data upon which the precision statement is
based. showed that the D, values were more uniform, Therefore, it is

required that both D,, and D, (corr) be reported.

14. Precision and Bias

14.1 Precision:
-

14.1.1 Tables | and 2 are calculated from the results
obtained when 25 materials were tested by 20 laboratories in a
round-robin study conducted by ASTM Subcommittee E05.02.
following a prior draft version of this method. That study
indicated several sections of the test procedure that required
additional description, and this version has been revised
accordingly. It is reasonable to expect that this version of the
method will provide better precision than that tabulated.

TABLE 1 Precision Statement for D,—Flaming®

Coefficients of Variation, %

Relative Precision, %

i o Within a Between
bedseiol i o Boenn Laboratory Laboratories
Labaratory Laboratories

(R} (A2
Hardboard, unfinished, V4 in. 21.2 10.7 33.9 451
Particleboard, untreated, % in, 297 253 475 84.7
Lauan hardwood, plywood, unfinished, grade AD, 25.2 245 40.3 78.9
Ve-in.
Hemlock, untreated, ¥s-in. 248 24.5 39.7 78.6
Hemlock, treated, #a-in. 262 1.9 41.9 53.2
Red cak, Ye-in. 27.2 39.3 44.4 nw7
Acoustical ceiling tile, untreated, “a-in. 22.3 24.4 357 76.5
Monacoustical ceiling tile, untreated, Ve-in. 26.9 28.8 4341 908
Standard gypsum board, s-in, 18.0 35.6 28.8 102.9
sz-in. high-pressure standard decorative laminate, 17.2 23.1 27.5 69.7
urea glue, on %4-in. untreated particleboard
Yaz-in. high-pressure, fire retardant decorative 2.3 14.5 14.8 42.8
laminate, resorcinol adhesive, on s-in. treated
particleboard
Linoleum 9.5 146 15.2 43.2
Wool plush carpet 15.4 10.2 24.7 37.4
Polyester twist carpet 19.6 13.5 3.4 48.9
Nylon twist carpet 3.6 10.9 5.7 30.8
Acrylic carpet 7.5 14.1 12.0 41.0
Fiber glass-reinforced brominated polyester sheet 11.8 8.2 18.9 n7
Paoly{vinyl chioride) flooring 14.3 2.1 22.9 34.1
Poly(methyl methacrylate) sheet 16.9 241 27.0 72.0
Flexible polyurethane foam, high resiliency, ¥e-in. 296 23.6 47.3 80.7
Rigid polyisocyanurate foam, “a-in. 6.2 13.4 10.0 38.4
NBS SRM 1007a” 6.5 7.6 10.4 23.0

4 Precision statements for polystyrene sheet and fiber glass-reinforced polyester sheet are not given because the 0, values fell outside the range of the instrument.
# The average D,, value obtained by 20 laboratories testing 3 samples each (60 samples} was 433.
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TABLE 2 Precision Statement for D, —Nonflaming”

Coefficients of Variation, %

Relative Precision, %

Material

Within a Betweean Within a Lab- Between Lab-
Laboratory Laboratories oratory (A,) oratories (H.)

Lauan hardwood plywood, unfinished, grade AD, Ve-in. 5.6 107 89 308
Untreated hemlock, ¥a-in. 16.4 141 26.2 471
Hemlock, treated, %a-in. 321 1.4 514 60.4
Red oak, 4-in. 77 211 12.3 59.7
Agoustical ceiling tile, untreated, “2-in. 8.3 8.9 14.9 N3
Nenacoustical ceiling tile, untreated, “a-in. 13.3 1486 214 45.7
Standard gypsum board, ‘e-in. 5.8 123 8.9 353
Y4z-in, high-pressure standard decorative laminate, urea glue, 6.2 11.9 9.9 345
on ¥a-in. untreated particleboard

Yaz-in. high-pressure fire-retardant decorative laminate, 20.1 302 32.1 88.7
resorcinol adhesive, on %-in. treated particleboard

Wool plush carpet R 14.0 146 416
Polyester twist carpet 9.6 8.8 15.4 28.8
Mylon twist carpet 8.3 14.0 13.8 41.1
Acrylic carpet 6.8 9.4 10.9 289
Fiber glass-reinforced brominated polyester sheet 4.8 10.0 7.4 286
Poly({vinyl chloride) flooring 6.3 13.8 10.0 39.5
Polystyrene sheet 15.0 128 241 428
Poly{methyl methacrylate) sheet 24.0 29.9 38.5 915
Fiber glass-reinforced polyester sheet 71 &7 1.3 19.4
Flexible polyuretnane foam, high resiliency, Ya-in. 10.1 10.6 16.2 33.6
Rigid polyisocyanurate foam, Ve-in. 119 18.8 18.0 55.8
NBS SRM 10067 3.1 5.5 5.0 16.0

A Precision statements for hardboard, unfinished, “4-in.; particleboard, untreated, %&-in.; and linoleum are not given because the 0, values fell outside the range of the

instrument.

5 The average D,, value obtained by 20 laboratories testing 3 samples each (60 samples) was 164,

14.1.2 The precision statements in these tables are ex-
pressed as a percentage of the average D,, of each material and
are based on only the validated results (see Section 3) [rom the
three replicates submitted to each laboratory.

14.1.3 Coefficient of Variarion—The ratio of either the
“within laboratory” or “between laboratories™ standard devia-
tion to the overall average D,, value for the material, expressed
as a pC[’CCﬂL

14.1.4 Relative Precision:

14.1.4.1 Repeatability, R,—The critical difference within
which two averages of three specimens each, obtained on the
same material by a single operator using the same instrument,
can be expected to lie 95 % of the time because of random
variation within a laboratory.

14.1.4.2 Reproducibility, R,—The critical difference within
which two averages of three specimens each, obtained by two
different operators, using different instruments in different
laboratories, can be expected to lie 95 % of the time because of
the random variations within and between laboratories.

14.2 Bias—The bias is unknown because the value of
specific optical density obtained in this procedure is defined
only in terms of this test method.

15. Keywords

15.1 fire; fire-test response standard; smoke; smoke cham-
ber; smoke density; smoke obscuration; solids: specific optical
density

ANNEXES

(Mandatory Information)

Al. CALIBRATION OF TEST EQUIPMENT

Al.l Photometric System

Al.1.1 A properly used photometer of the type described in
this document is an inherently linear device provided that
linear electronic measuring and recording equipment has been
used. The linearity of absorption measurements is not depen-
dent upon critical beam collimation; however, collimation of
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the optical beam may be of importance in cases where light
scatter takes place, as often occurs in smoke aerosols. Because
of this, the following instructions are included for use in cases
where the photometer beam needs to be realigned following
replacement of the light source or some accidental misalign-
ment.
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Al.1.2 Alignment:

Al.1.2.1 Prepare an opaque templet about 4%z in. (115 mm)
in diameter with a centered 2-in. (51-mm) diameter drawn
circle.

-— Calibrating Disc. Centered
And Mounted Flush With
Front Surface By Means
Of (4) Stainless Steel Wires

Sample Holder
nos" Nia.

[

3" x 3" x 22 Gauge
Stainless 5tl.
Front Shield

1.50 Dia.

{415tainless SIL:
Anchoring Wires

opper
\Calibrnunq Disc

R 3

Iz

IS

8

to that corresponding to human vision. This is defined by the
operating condition of the lamp source and the spectral
sensitivity of the photodetector. Since no precise control is
maintained over the size of this spectral band, it would be

Insulator

= Rod

Insert Bared Ends of
Thermocouple Wires, Peen
to Secure, Flace Drop of
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FIG. A1.1 Copper Disk Calorimeter

Al1.1.2.2 Attach the templet with transparent tape to, and
centered on, the upper optical window. With the optical system
in its normal operational mode, observe the projected image on
the templet. A properly aligned beam will completely fill the
2-in. (51-mm) circle with some spill-over. Because of the
filament, the pattern will not be a perfect circle. If the pattern
is too large or too small, the lower lens will require adjustment.
Remove the cover from the light source enclosure. If the
pattern is not centered, it will require repositioning of the light
source or slight readjustment of the lens mount in its track. One
way to optimize the lens position is by slight adjustment until
the maximum photometer reading is obtained, whereupon it is
locked. Replace the enclosure cover, making sure that all
screws have been tightly seated.

Al1.1.2.3 Switch off the photometer and remove the cover
from the roof-mounted optical enclosure. Remove the compen-
sating filter holder from the lens mount and observe the
converging beam of light. A properly focused and aligned
beam will form a small intense spot at the disk aperture of the
photomultiplier housing projecting into the roof of the enclo-
sure. If the beam is misaligned or not properly focused, loosen
the lens mount screws very slightly and carefully refocus.
Tighten the screws and recheck the light spot. Remount the
compensating filter holder into the lens mount and replace the
enclosure cover. Replace all screws to prevent light leaks.

Al1.1.3 Linearity Check—The photometer used with this
instrument shall have an accuracy of =3 % of the maximum
reading on any range. It involves a spectral band quite similar
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necessary, if accurate calibration were to be attempted, to make
use of filters with canstant transmission over a spectral band of
at least 350 to 750 nm. Such filters are not readily available.
Because of this and the inherent linearity of a properly
constructed photometer and measuring circuit, it is not recom-
mended that the test method user attempt precise calibration of
the instrument over its operating range. The following rough
calibration procedure is, however, recommended as a means to
ensure that no gross failure of the photometric measuring
system has occurred:

A1.1.3.1 Complete alignment as in Al.1.2,

Al1.1.3.2 With the photometer beam blocked, determine that
the instrument shows zero transmission on all the normal
photometer ranges without removal of the range extension
filter from the photometer head.

Al1.1.3.3 Measure the transmission of a neutral density filter
of nominal optical density of 3.0 which has been previously
calibrated in another smoke density photometer. The two
transmission measurements shall agree within 5 % of the mean
of the two measurements. Failing such agreement, investigate
to determine the reason for the discrepancy.

Al.1.4 Range Extension Filter—If equipped with the nor-
mal commercial microphotometer with incorporated dark cur-
rent or blank adjust features, the system is only able to measure
10 0.01 % transmittance, equivalent to a specific optical density
of 528. To permit extension beyond this range, the commercial
system is equipped with a glass ND2 filter in the shutter
assembly. Determine the precise transmission of this filter as
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follows: With the optical system adjusted as stated in 11.5 and
leaving the filter in the optical path, allow the chamber to
stabilize at the operating temperature (35°C). Place over the
lower window a white cloth or tissue sufficiently thick so as to
give a “midscale™ reading when the photometer range switch

A1.2.3 Allow the furnace and radiometer output and body
temperature to equilibrate until a steady-state, millivolt-output
of the radiometer is obtained.

A1.2.4 Remove the radiometer and place a cool rate-of-heat
rise copper disk calorimeter (Fig. Al.1) promptly in front of the

TABLE A1.1 Correction Factors for Range Extension Filter ND2 Neutral Density Filter Removal Correction Factors”

Meter Correction Optical density of Meter Correction Optical density of
indication, tactor neutral density filter, indication, factor neutral density filter,
%T o log P./P=0D YT c, log P/P=D

31 —27.4 1.79 51 +1.1 2.01
32 -25.6 1.81 52 +2.2 2.02
33 -23.8 1.82 53 +3.3 2.025
34 —22.1 1.83 54 +4.4 2.03
35 -20.4 1.845 55 +5.5 2.04
36 -18.8 1.86 56 +6.5 2.05
a7 =17.3 1.87 57 +7.5 2.06
38 -15.7 1.88 58 +8.5 2.064
39 -14.2 1.89 59 +9.5 2.07
40 -12.8 1.90 60 +10.5 208
41 ~11.4 1.91 61 +11.4 2.086
42 -10.0 1.92 62 +12.3 2.09
43 -8.6 1.93 63 +13.2 210
44 -7.3 1.94 64 +14.2 2107
45 6.0 1.85 65 +15.0 2114
46 -4.8 1.96 &6 +15.9 2.12
47 -35 1.97 67 +16.8 213
48 2.3 1.98 &8 +17.6 2.135
49 -1.2 1.99 69 +18.5 214
50 0.0 2.00 70 +18.3 2.148

“Corrections are to be applied to the D, values equivalent to the 0.01 to 0.001 % T and 0.001 to 0.00001 % T values only.

is set to the “l-scale.” Adjust the micrometer knob to give an
exact mid-scale reading (0.5 % transmittance). Rotate the
range switch back to the™ 100-scale” and move the range
extension filter out of the optical path. Observe the meter
reading. If the meter reading is 50 % 7, the value of the filter
is exactly optical density 2.0 and the preprinted conversion
tables, Appendiz X2, are suitable for direct use. If the meter
indication is high, the filter value is less than optical density
2.0, and if the meter indication falls below 50 % T the optical
density exceeds 2.0. Determine the correction to be applied to
the range extension D, values in Appeadix X2 from Tuble
Al

Al.2 Radiometer

A1.2.1 Calibrate the radiometer by comparing its voltage
output when exposed to heat from the furnace to that of a
copper disk calorimeter (see Fig. Al.1) (primary standard)
when the latter is exposed to the same heat flux. Calibrate at
four furnace settings, two above and two below the nominal
2.5-W/em? set point of the test method. From this, draw a
graph, plotting the heat flux received by the radiometer against
its voltage output. The procedure and calculations are as
follows:

Al1.2.2 With the furnace operating at a voltage setting
between 90 and 95 V place the radiometer on the support rods
so that it is positioned and oriented exactly as a test specimen
relative to the furnace. Adjust the air flow to the radiometer
cooler to maintain the body temperature of the radiometer at
200 = 5°F (93 = 3°C).

furnace in the same position as in A1.2.2. Immediately there-
after, obtain a short (5 to 15-s) record of the temperature rise of
the disk. Determine this temperature rise of the calorimeter by
measuring the electrical output of the thermocouple attached to
the back of the disk, employing a recording potentiometer
operating at a fast chart speed (1 in./s; 25 mm/s). Remove the
calorimeter and allow it to cool back to room temperature.

A1.2.5 Adjust the furnace voltage to three additional set-
tings and repeat steps A1.2.2-A1.2.4 for each setting.

A1.2.6 Choose the furnace settings so that the output of the
radiometer, expressed in W/cm* of radiant heat received,
brackets the value 2.50 W/em®,

A1.2.7 Relate the output of the radiometer, expressed in
millivolts, to the linear portion of the temperature rise of the
copper disk, for each furnace setting by the following calcu-
lations:

Units
(inf = radiant heat received by radiometer, Wicm?
= radiant heat received by copper disk,
= G (dTidu) = (GA&) = [d(mV)/d8]
where:
Tgg = rate of temperature rise of copper disk, “Ceg™!
AimVifay = slope of thermocouple millivolt output on recording po- my-s™'
tentiometer,
k = thermocouple conversion constant
= 0.040 mV x °C~" for Chromel-Alumel between 20°C ~ mV-°G™"
and 40°C, and
G = gonstant for the particular disk used = Kmc/A a,
where
K = conversion factor = 4.184, W-s-cal™
m = mass of copper disk, uncoated, [s]
& = specific heat of copper = 0.0927, calg™'-°C
A, = net area of exposed (blackened) face of copper disk  cm?

=Ag—nhAy,
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A, = gross area of exposed face, cm?
n = number of holes for supporting wires,
Ay = area of each hole, and cm?
a = radiation absorption of black coating on face of disk'®?
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weighing 29.78 ¢ and having a net area of 11.37 cm”.

A1.2.7.1 The use of this copper disk calorimeter in calibrat-
ing a radiometer is illustrated by the following example:
emVige Slope of Disk-

Furnace Radiometer
; Thermacouple Q, Wiem®
Setting, V Output, my Output, mV/s
.50 Wiem?
e slirer 97 3.72 0.043 in
p 102 7.30 0.081 2.10
Fa0 112 9.50 0.105 27
0.108 2.80
8 e e — = — —
E
[4)
=
=
iy 9
3
f-.
")
o
@
el
=
o
= 1.%
e 1 [l i 1
Lt 5 & % § = 0 11
Hadiometer Cnutpmt, =V

FIG. A1.2 Example—Cali

Note Al.1—As an example of the procedure proposed, it is possible (o
simplify the equation for the radiant heat absorbed by a particular copper
disk, as follows:

Assume, as an example:

m = 2078 ¢

A, = 1140 em?

n =4

A, = 0.008 cm?

Then:

A, = 1137 cm?

C = 00927 calg”.eC!
K = 4.184 cal.g™'.°C™
k= 0.040 mv.°C'

a = 098

from which
4.184 X 29.78 % 00927 d{mV}

= TII37 X098 X 0.04  ~ a8
~ 259 dlmV})
Hda IT
Note Al.2—The above is an example only and applies to a disk

""Nextel velvet 101-C10 provides a radiation absorption characteristic (a) of
0.98. Nextel velvet 101-C10 and its replacement, Solar Absorber Coating ECP-
2200, are no longer manufactered by 3M Company. Nextel is a registered trademark
of the 3M Company.
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From the above, a graph is obtained by drawing a best
straight line through the plotted points and selecting the
indicated output intersecting the line at 2.5 W/cm*(see Fig.
A1.2). From this graph, the output of the radiometer corre-
sponding to a radiant heat flux of 2.50 W/cm? is obtained; in
this case the value is 8.8 mV.

A1.2.8 Under normal continuous use conditions, the radi-
ometer shall be calibrated at least once every three months.
Annual recalibrations shall be required in all cases.

A1.2.9 The blackened face of the radiometer shall be
inspected frequently. In case the coating is blistered, cracked,
discolored, or broken, the coating shall be removed, the face of
the radiometer cleaned, and a new coating applied. In this case,
the recoated radiometer shall be recalibrated before being used.

A1.2.10 The copper disk standard shall be carefully handled
when in use, and protected from surface contamination and
mechanical abuse when stored. If the blackened face shows
alterations as in A1.2.9 the coating shall be removed and the
face cleaned. The disk shall then be reweighed and recoated
and any appropriate corrections made in the calibration con-
stant, G, before it is used again.
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A2. CONSTRUCTION DETAILS

A2.1 Radiant Heat Furnace

A2.1.1 The furnace shown in ¥Fig. 2 has been found to be
suitable. The dimensions that are shown in Fig. 2 and the
components to which they refer are critical. Other portions of
the design are optional. The heating element consists of a
coiled wire or other suitable electrical heating element capable
of dissipating about 525 W, mounted vertically in a horizontal
ceramic tube 3 in. (76.2 mm) in inside diameter by 3% in. (85.7
mm) in outside diameter by 1% in. (41.3 mm) long. The tube
is bored out at one end to 3%52-in. (77.0-mm) inside diameter
and to a depth of ¥ in. (15.9 mm) to accommodate the heating
element. A Vie-in. (1.6- mm) insulation paper gasket and two
stainless steel reflectors are mounted behind the heating
element. A %-in. (9.5-mm) insulation millboard disk, provided
with ventilation and lead wire holes, shall be positioned behind
the heating element and used to center the assembly with
respect to the front ¥&-in. (9.5-mm) insulation millboard ring
by means of a 6-32 stainless steel screw. The adjustment nuts
on the end of the centering screw shall provide proper spacing
of the furnace components, The cavities adjacent to the heating
element assembly shall be packed with glass wool. The furnace
assembly shall be housed in a 4-in. (102-mm) outside diameter
by 0.083-in. (2.1-mm) wall by 4'-in. (105-mm) long stainless
steel tube. Two additional %s-in. (9.5-mm) insulation board
spacing rings and a rear cover of %&-in. (9.5-mm) insulation
board shall complete the furnace. The furnace shall be located
centrally along the long axis of the chamber with the opening
facing toward and about 12 in. (305 mm) from the right wall.
The centerline of the furnace shall be about 7% in. (195 mm)

above the chamber floor.

A2.2 Specimen Holder

A2.2.1 The specimen holder shall conform in shape and
dimension to Figz. 3 and be fabricated by bending and brazing
(or spot welding) 0.025-in. (0.6-mm) thick stainless steel sheet
to provide a 1Y2-in. (38.1-mm) depth, and to expose a 2% by
2% in. (65.1 by 65.1-mm) specimen area. As described in
7.1.3, the holder shall have top and bottom guides to permit
accurate centering of the exposed specimen area in relation to
the furnace opening. A3 by 3-in. (76.2 by 76.2-mm) sheet of
Ya-in. (12.7-mm) inorganic insulation millboard, having a
nominal density of 50 = 10 Ib/ft*(800 = 160 kg/m?) shall be
used to back the specimen. A spring bent from 0.010 in.
(approximately 0.25-mm) thick phosphorbronze sheet shall be
used with a steel retaining rod to securely hold the specimen

and millboard backing in position during testing.

A2.3 Support of Furnace and Specimen Holder

A2.3.1 The framework as shown in Iig. 4 shall have welded
to it a 5-in. (127-mm) outside diameter, Y4-in. (6.4-mm) wall,
2-in. (50.8-mm) long horizontally oriented steel tube to support

the radiant heat furnace described in 7.1.2. This support tube
shall have provision to accurately align the furnace opening so
that it is 1% = V42 in. (38.1 = 0.8 mm) away from, parallel to,

and centered with respect to the exposed specimen area.
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A23.2 Adjustment screws shall be provided to align the
furnace with reference to the specimen.

A2.3.3 The framework shall have two ¥&-in. (9.5-mm)
diameter transverse rods of stainless steel to accept the guides
of the specimen holder described in 7.1.3. The rods shall
support the holder so that the exposed specimen area is parallel
to the furnace opening. Spacing stops shall be mounted at both
ends of each rod to permit quick and accurate lateral position-
ing of the specimen holder.

A2.4 Photometric System

A2.4.1 The photometric system shall consist of a light
source and photosensitive element as defined in 7.1.5, The
system shall be as shown in Figs. 3 and 6. The window in the
chamber floor through which the light beam passes shall be
provided with a ring-type electric heater mounted on the
underside of the window out of the light path. The heater
maintains the minimum window temperature at 125°F (52°C)
on the inner surface of the window to minimize smoke
condensation. The collimated beam inside the chamber shall
have a path length of 36 £ 4 in. (914 = 3 mm) and a sensing
cross section of 12 & &-in, (38 £ 3-mm) diameter (see Annex
Al). A typical photomultiplier photometer system will require
a high-voltage d-c power supply and a neutral density filter of
sufficient optical density to produce a convenient signal level
for the indicator or recorder. The photometer system used shall
be capable of permitting the recording of reliable optical
densities of at least 6.0, corresponding to transmittance values
of 0.0001 % of the incident light (see Appendix X2).

A2.4.1.1 The two optical platforms and their housings shall
be kept in alignment with three metal rods, Y2 in. (12.7 mm) in
diameter, fastened securely into %is-in. (7.9-mm) thick exter-
nally mounted top and bottom plates and symmetrically
arranged about the collimated light beam.

A2.5 Radiometer

A2.5.1 The 200°F (98°C) body temperature of the radiom-
eter shall be monitored with a 100 to 200°F (38 to 100°C)
thermometer located as shown in Fig. 7 in a ¥2 by Y2 by 1Y-in.
(12.7 by 12.7 by 38.1-mm) long brass or copper well drilled to
accept the thermometer with a close fit. The use of silicone
grease is a way to cnhance the probability of providing good
thermal contact. The circular receiving surface of the radiom-
eter shall be spraycoated with an infrared-absorbing black
paint. The radiometer shall be calibrated calorimetrically in
accordance with the procedure summarized in Al.2.

A2.6 Chamber Wall Thermocouple

A2.6.1 A thermocouple suitable for measuring a tempera-
ture of 35°C shall be mounted with its junction secured to the
geometric center of the inner rear wall panel of the chamber
using an electrical insulating disk cover and epoxy cement.

A2.7 Burner

A2.7.1 The multiple burner shall have six tubes with con-
struction details as shown in Fig. 3 (Note A2.1). The six tubes
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shall be made from Y-in, (3.2-mm) outside diameter by
0.031-in (0.8-mm) wall stainless steel tubing. All tubes shall be
swaged at the tip to reduce the opening diameter to 0.055 in.
(1.4 mm). The manifold section of the burner shall consist of
Va-in. (6.4-mm) outside diameter by 0.035-in. (0.9-mm) wall
stainless steel tubing. The other end of the manifold is attached
to a fitting in the chamber floor.

Nore A2.1—The two outer tubes shall be directed normal to the surface
of the specimen. The two inner tubes shall be directed at an angle of 45°

downward. The two intermediate tubes shall be directed vertically
downward into the trough of the specimen holder.

A2.8 Chamber Pressure Regulator

A2.8.1 A suitable pressure regulator consists of an open,
water-filled bottle and a length of flexible tubing. one end of
which is connected to a sampling port on the top of the
chamber. The other end of the tubing is inserted 4 in. (100 mm)
below the water surface. The bottle shall be located at or below
the floor level of the chamber to avoid back-siphoning.

APPENDIXES

{Nonmandatory Information)

X1. ADDITIONAL CALCULATIONS

X1.1 The smoke chamber test results in a curve of specific
optical density versus time. The maximum specific optical
density, D,,, represents total smoke accumulation. Additional
information that may be of value might include:

R, — maximum rate of increase in specific optical density per minuta,

measured over any 2-min period, or 2 min from the start of the test.

hg — time to reach O, =16 (T =75 %), or other smoke level. This is a
simple measurement of initial smoke generation.
SOl — an abbreviation for the smoke obscuration index and incorporates

the effects of total smoke, generation rate, and time to reach
D, = 16. It is calculated as follows:
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where £, ,, 1, indicate the time in minutes at which the
smoke accumulation reaches 10, 30, etc., % respectively, of the
maximum density D,,.

Goodyear Tire Rubber Co pursuant to License Agreement. No further reproductions authorized.



4y E 662 - 06

X2. TABULAR CONVERSION OF PERCENT TRANSMITTANCE TO SPECIFIC OPTICAL DENSITY WHEN G = 132,

PARAMETERS
AND %T 0 1 2 3 a 5 6 7 8 9
TRANSMITTANCE SPECIFIC OPTICAL DENSITY (D)
RANGE s
MULTIPLIER; 100 |90 6 5 5 4 a 3 2 2 1 1
with ND-2 Filter 80 13 12 1 1 10 g 9 ] 7 7
70 20 20 19 18 17 16 15 15 14 14
80 29 28 21 26 26 25 2 2 2 21
100 t0 10 %T 50 a0 38 37 36 35 34 kX 32 3 30
a0 53 51 50 48 a7 46 45 a3 4z a1
30 59 67 65 64 62 &0 59 57 55 54
20 92 89 87 84 82 79 1 75 71 1
10 12 127 12 113 109 105 102 98 95
MULTIPLIER: 10 |9%0x107| 138 137 137 136 136 135 138 134 133 133
with ND-2 Filter 80 145 188 143 143 12 m 141 0 139 138
70 152 152 15t 150 149 148 148 147 146 146
60 161 %60 153 158 158 157 156 155 154 153
100 1%T 50 172 1M 168 168 167 166 165 164 163 162
40 185 183 182 180 179 178 17 175 114 173
30 20 198 197 196 194 192 191 188 187 186
‘20 28 28 26 214 211 08 200 205 203
10 %4 259 24 249 245 241 237 234 230 223
MULTIPLIER: 1 s0xt102| 270 269 268 268 268 267 266 266 265 265
with ND-2 Filter 80 27 2,6 25 215 2 1 273 2 m
70 284 84 283 282 281 280 280 279 278 278
50 293 202 291 290 290 289 288 287 286 285
110 0.1 %T 50 304 303 a0 300 299 238 297 236 295 294
ap 17 N5 4 32 30 309 307 306 305
30 333 an 329 328 36 324 323 32 319 318
20 3% 353 351 388 36 343 34 338 331 33
10 395 391 386 381 317 373 369 366 362 359
MULTIPLIER: .1 [90x103| 402 g0 401 400 400 399 398 398 397 397
with ND-2 Fitter 80 403 408 407 407 406 405 405 404 403 403
70 416 416 415 414 413 412 412 41 810 410
60 425 424 413 47 a2z 411 a4 a9 418 417
0.1 10 0.01 %T 50 43 435 433 432 43 430 429 428 421 426
a0 403 447 a5 464 443 442 641 439 438 43)
0 465 463 461 460 458 456 455 453 451 450
20 488 4B5 483 480 478 475 473 4ATh 469 467
10 528 523 518 513 509 505 501 498 494 491
MULTIPLIER: 1 sox104| 514 533 533 532 532 53 530 530 520 529
without ND-2 Filter | 80 541 540 539 5§39 §38 537 537 536 515 515
70 548 548 547 515 545 544 544 543 542 542
50 557 556 555 554 554 553 552 551 550 549
0.01 10 0.001 %T 50 568 567 565 564 563 562 561 560 559 558
40 581 579 518 518 575 574 8713 SN 570 569
30 597 595 5937 592 590 588 587 58S 583 582
20 620 617 615 612 510 607 605 603 601 598
. 10 660 655 650 845 641 637 633 630 626 §23
MULTIPLIER: .1 | 90x109%| 666 665 665 664 664 663 G662 662 661 861
without ND-2 Filter | 80 673 572 671 671 670 669 669 668 667 667
70 680 GB0 679 678 677 676 616 675 614 G74
50 B89 688 687 685 686 685 G684  BA3 682 681
0.001 10 0.00001 %T | 50 700 699 697 69 695 694 693 692 691 690
40 3 m 710 708 707 706 705 703 702 701
30 729 121 7128 128 122 720 ns 1 s 1na
20 752 749 47 ™44 Mz 739 737 135 133 31
10 92 787 182 M 13 769 765 7162 758 755
00 - 924 885 861 845 832 821 812 80§ 798
18
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X3. SUGGESTED SMOKE DENSITY CHAMBER REPORT FORM

Sample Description
Test No. Operator Date
Time, min | %7 i Dy | Time, min | %7 [ D, [ Time,min | %7
05 75 145
1.0 8.0 15.0
15 8.5 15.5
2.0 9.0 16.0
25 9.5 16.5
3.0 10.0 17.0
35 10.5 17.5
4.0 11.0 18.0
45 11.5 18.5
5.0 12.0 19.0
55 12.5 19.5
6.0 13.0 20.0
6.5 135
7.0 14.0
Operating Conditions:
Radiometer Reading mV. @. Wjcm?(date & time)
Fumace Voltage ________ TestMede: _~~~  Pyrolysiss___ _ __ wfFlaming:
Flowmeter Settings: Propane @ 50 cm?/min Air @ 500 cm3/min
Chamber: Temperature Pressure in. H0
Chamber Surface Conditions

Manufacturer, etc.

Preconditioning: Oven @ °C h Cenditioner @ °C RH
Thickness e _mm.Density ____________ gfom?
Weight: Initial g Final g Wt Loss ] %
Test Results:
Minimum Transmittance % MaximumD,__ = TmetoMaxD,__  min
Clear Beam Reading % T D, (com)

Max Rateof D fmin TmetoreachD,16 _________ min
Remarks:

19
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X4. COMMENTARY

X4.1 Introduction

X4.1.1 The smoke density chamber test was developed at
the National Bureau of Standards and was first described in an
ASTM research symposium in 1967 (2). Since that time, there
have been numerous publications reporting on its application
and on studies of the correlation of results of interlaboratory
tests through its use (3-9).

X4.1.2 The method is somewhat like the box type test
developed by Rohm and Haas (see Test Method D 2843 and
Ref (18)). However, it provides certain modifications in the
nature of specimen exposure and the capability for quantitative
measurement of the smoke produced. Advantages provided by
use of this test method include: (7) the smoke collection
chamber is essentially sealed so all smoke produced during a
test is retained; (2) only one surface of a test specimen is
exposed to fire or radiant heating, thus providing a measure of
effectiveness of surface treatment assisting in control of smoke
release; (3) a vertical photometer is used as a means for
avoiding measurement errors resulting from smoke stratifica-
tion; (4) provision is included for reporting the result of smoke
measurements in terms of specific optical density, which is a
measurement of the amount of smoke produced and hence is
useful for comparing one material against another.

X4.1.3 Measurements made with the test relate to light
transmission through smoke. No means are provided for
predicting the effect of eye irritants in further limiting visual
range. Limited information suggests that eye irritants might
further reduce vision by 50 to 95 %.

X4.2 Features of Test Method
X4.2.1 Two exposure conditions are simulated by the test:
(/) radiant heating in the absence of ignition and (2) an open

flaming combustion of the specimen in the presence of
supporting radiation. These two conditions were selected as
representative of two types of fire involvement of a product.
The irradiance level of 2.5 W/em?® was selected as the highest
for which most cellulosics would pyrolize without selfignition.
This irradiance level is much lower than that which would exist
in a compartment after flash-over. Tt more nearly simulates
conditions in the initial stages of a fire.

X4.2.1.1 The basis of selection of a specimen irradiance
level of 2.5 W/em® was discussed in X4.2.1. A further
comment on the uniformity of irradiance across the specimen
surface seems desirable. From a scientific viewpoint. it would
be desirable to have constant irradiance over all portions of the
specimen. From a practical point of view, this was not feasible
because size and heat input of the furnace would have to be
greatly increased. It was considered, therefore, more practical
to accept a modest nonuniformity of irradiance across the
surface of the specimen. This is not defined in terms of
radiance units, but rather by specifying the dimensions of the
furnace geometry and the specimen spacing. Thus, radiant
configuration geometry was selected as a means of specifying
the variability of surface irradiance. The average irradiance
specified in the test method is that measured by the radiometer
described in the standard, an instrument sensitive only to the
1'4-in. diameter central area of the specimen holder.

X4.2.12 Fig. X4.1 shows the result of one survey of
irradiance across the specimen diagonal. This suggests that the
overall average effective flux level during nonflaming pyrolysis
is probably about 2.3 W/ecm®. While this degree of nonunifor-
mity is short of technical perfection, it is accepted as being a
practical compromise, considering the likely use to which the
test method might be applied.
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FIG. X4.1 Diagonal Survey of Irradiance at Specimen During Operation at Nominal 2.5 W/cm?
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X4.2.2 The primary measurement made during the conduct
of the test is the amount of light transmitted as a fraction or
percentage of the initial light transmitted by the optical system.
The minimum % light transmitted value is, in turn, used to
calculate, in accordance with 12.1 of the test method, the
maximum specific optical density, D,,. value. There is consid-
erable advantage to using specific optical density as a value by
which to evaluate results as compared to using percent light
transmittance.

X4.2.2.1 The use of this unit of smoke measurement is
based on Bouguer's law of light attentuation which is ex-
pressed as follows:

T = }"uc"'
where:
T = % flux transmittance,
T, = 100, the initial transmitted flux,
o = attenuation coefficient, and
L = length of the optical path.

For a monodispersed aerosol, o is found to be proportional
to the product of size and number of particles. Defining log
(100/T) as being the optical density, d, it can then be developed
that:

d = log (100/T) = (¢T12.303)

X4.2.2.2 While the smoke produced from fire usually does
not meet the requirement of a monodispersed aerosol, it has
been found to behave in a photometric manner such that, for
engineering purposes, optical density may be considered to be
roughly proportional to the smoke particulates produced. The
measurement unit, specific optical density, D_, has been intro-
duced to provide a conveniently factored rating scale as
follows:

D, = (VIAL)d = (VIAL) log (100/T) where (WAL) = 132

Previous draft versions of this test method have proposed
that, in the situation that the smoke produced exceeds the
measurement capability of the apparatus, or if only small
specimens were available, specimens less than standard size
could be tested and the results extrapolated to the standard
specimen size. This procedure should not be used for several
reasons, one of which involves the nonuniformity of irradiance
and pilot flame exposure.

X4.2.2.3 Certain other test methods report smoke simply in
terms of light transmission. The problem of such a procedure is
that one not familiar with the characteristics of smoke aerosols
might assume that the percent light transmittance is a recipro-
cal, linear function of the quantity of smoke produced. That is,
making the assumption that as the quantity of smoke produced
is doubled, the percent light transmittance is cut in half. This is
incorrect.

X4.2.3 The concept of specific optical density, while old in
terms of chemical photometric practice, was first introduced
for measuring smoke as part of the smoke density chamber test
method. It is based on Bouguer's law and permits reporting
smoke development in terms that recognize the area of
specimen involved, the volume of the box, and the optical path
length of the photometer. Specific optical density is without
dimension, but its value must be recognized as relating to the
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specimen only in the thickness tested. In theory, it has the
unique advantage of providing a basis for estimating the smoke
optical density or lightobscuring properties of smoke that can
be developed by the same product in other fire-involved areas,
different light paths, in another enclosure volume, on the
assumption of uniform smoke-air mixing and under similar fire
exposure conditions (11). At the present time, techniques for
making these estimates have not been developed to a practical
stage because of (/) variations in types of fire exposure, (2) the
rate of involvement of a material in a fire, (3) the ventilation
characteristics of the compartment, and (4) the degree of
stratification of the accumulated smoke. These are, in most
instances, undetermined variables which greatly influence light
transmission through smoke resulting from a fire.

X4.3

X4.3.1 During development of the test method, many fac-
tors were considered that could influence the measurements.
Some of the more important of these are mentioned and briefly
discussed in the following paragraphs:

X4.3.2 It was observed that, in spite of significant thermal
convection mixing, smoke near the top of the cabinet was
obviously more dense. This fact was verified by experimental
measurements. As a result, it was apparent that a vertical
photometer would yield a much more representative measure-
ment of smoke accumulation than would be provided by a
horizontal unit at one position in the chamber.

X4.3.3 Experiments showed that the optical density of the
accumulated smoke was sensitive to the spacing between the
specimen face and the plane of the furnace opening. The
experiments seem to suggest that the sensitivity was caused by
two effects—close spacing caused more smoke to enter the
furnace and become consumed there; on the other hand, it also
reduced air circulation past the specimen and thus inhibited
open flaming combustion. As a result, the separation called for
in A2.3 of 12 = V32 in. was selected as a fair compromise for
the purpose of standardization. If this spacing is not held, a
small systematic change should be expected in smoke mea-
surement. Similarly, it is necessary to maintain the specified
spacing of 3.0 = 52 in. between the heater face and the
specimen surface.

X4.3.4 The use of aluminum foil to wrap the back and edges
of the specimen was introduced to provide better standardiza-
tion because it was found that if smoke was allowed to leak out
the back and edges of the specimen holder, the various ways
this could occur introduced an undesirable variability in the
measurements.

X4.3.5 The question of how to assess, in an equitable
fashion, the smoke production of thermoplastics has been a
vexing one since early development of the test. The decision to
use a vertical specimen orientation was based on knowledge
that fire behavior and thus smoke production would differ in
vertical and horizontal arrangement positions. Since the
method was considered most likely to be applied to evaluation
of interior wall finished products, the vertical specimen posi-
tion was selected as most relevant. Obviously, the thermoplas-
tic problem remained. Portions of such materials were found in
varying degrees to melt and drip to the floor of the chamber.
Thus, the smoke resulting from such materials is less than

Factors Influencing the Test
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would be expected if all the material remained in the flux field.
Whether such materials should be penalized or credited for
such behavior has not been validated by definitive experimen-
tal and theoretical studies. In spite of this uncertainty, during
the latter development stages of the test methods, a decision
was reached to provide a trough on the specimen holder to
collect and permit consumption of some of the molten residue.
In processing this standard, questions were raised as to the
usefulness of the trough, since the thermal exposure to the
material within it is less severe than that to material that
remains in the normal specimen position. A small-scale study
was conducted. It showed that thermoplastic materials differed
widely. Whereas appreciable smoke developed from one ma-
terial placed in the trough. only a small quantity of smoke
developed when another material was placed in the trough.
This did not seem, however, to be too different from that
performance which might be expected from the same materials
in another fire exposure, and thus there does not seem to be any
reason to ban from the test thermoplastic materials that melt or
drip into the trough.

X4.4 Precision

X4.4.1 In any method. one of the important considerations
is the degree to which it, when applied to a given material, will
yield constant results. Since this test results in destruction of
the specimen, the results of any test to determine precision are
affected not only by the random errors that might be inherent
in the procedure but also by any variation in the properties of
the replicate specimens. Thus. in studying the degree to which
experimental results can be repeated within a given laboratory,
it is desirable to use a material from which specimens of
uniform composition and dimensional characteristics can be
prepared.

X4.4.1.1 This fact was recognized in planning the large
interlaboratory study of precision of the measurement method.
In spite of this, some of the experimental variability observed
was undoubtedly related to variations in the replicate speci-
mens. In at least one instance, variation in thickness as greal as
20 % was observed. To assist in identifying variability resulting
from this cause, requirements for weighing specimens have
now becn included as a part of the test procedure.

X4.4.2 Various changes were made in the test method
description as adopted as compared to the description used to
advise for the round-robin test conducted. These included: (1)
running additional samples when the results of three specimens
are highly variable, (2) maintenance of pilot burner. (3)
deletion of data that are inconsistent with the equipment, and
(4) improved calibration and alignment procedures. These
changes are such that the precision data given should be
assumed to be conservative as they relate to the test method
adopted. Better precision would be expected if another labo-
ratory round-robin test should be conducted.

X4.4.2.1 When studying the results reported by the various
laboratories participating in the round-robin study, it was
realized that the test method draft given to the laboratories to
follow failed to contain a section describing conditions under
which data obtained from the test should be excluded. Section
& of the test method now contains such information. These data
were also excluded when calculating the precision data pre-
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sented in Section 1. For instance, certain materials were found
to ignite under the nonflaming exposure condition. Obviously,
these were not nonflaming results. Another cause for such
questioning of data involved results that exceeded the mea-
surement capability of the photometer.

X4.5 Reporting of Results

X4.5.1 One of the obvious needs with a test method of this
type is to consider ways in which the experimental data should
be reported and used. Early draft versions of this standard
contained a recommendation that a correction be applied to the
measured D,, by subtracting the smoke deposit on the window
following a test. In addition, the current version requires
reporting D, (corr). The reporting of D,, as a preferred mea-
surement result is based on the following facts:

X4.5.1.1 The deposit remaining following a test represents a
part of the smoke produced. Thus, it seems irrational to
subtract this unless it can be shown that the deposit results from
late accumulation following a peak smoke reading. The pro-
cedures of the test method seem to make this unlikely.

X4.5.1.2 Experience has shown that the determination of T,
used eventually to calculate D, (corr), is subject to variations in
operator technique during the chamber venting procedure.

X4.5.1.3 The introduction of the correction, while not in
itself a significant technical problem, suggests a technical
sophistication that simply is not justified on the basis of
intended use of the data. The effect of these facts was noticed
during analysis of the round-robin experimental data. The
results were found to be more consistent for the uncorrected
data (D).

X4.6 Limitations on Application of Smoke Measurement
Data

X4.6.1 The smoke problems that develop during unwanted
fires have been recognized for many years. Fire fighters are
faced with it daily in their work. However, three problems have
tended to prevent application of standards limiting the accept-
ability of materials or products on the basis of smoke produc-
tion: (1) the extent to which the smoke measurement assesses
the smoke hazard (12, 13); (2) the lack of a well-defined
measurement method which could be shown to provide a
technically valid means for smoke characterization; and (3)
most materials or products, when burning, release large quan-
tities of smoke, and there have been only limited ways of
reducing smoke production.

X4.6.1.1 The first problem still exists, although as indicated
in X4.2.2.1 there is a valid basis for consideration that this type
of smoke measurement does in fact serve to measure the light
attenuating properties of the smoke.

X4.6.1.2 The second problem has been partially alleviated
with the development of the smoke chamber. However, it must
be recognized that only two of a wide range of fire exposure
conditions are simulated by the test method. Thus any rank
ordering of materials by the test must be recognized as only
based on the fire exposure conditions applied and, in fact, the
test method develops different rankings depending upon
whether a ranking is based upon the nonflaming exposure or
the flaming exposure. All of the parameters that affect fire
behavior will influence the amount of smoke produced. Thus,
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it is unrealistic to place great confidence in the smoke
measurement, as unique and absolute measures of smoke
production during building fires.

X4.6.1.3 The third problem still remains. If significant
changes in smoke levels are to be expected when fire occurs it
seems necessary to require large changes in D To limit the
type and size of fire that could develop. very severe limitations
would have to be placed on smoke production of both the
building finish material and the occupancy items, and compre-
hensive fire prevention and protection measures must be
continually maintained.

X462 It is important to remember that for any given
thermal exposure condition, the smoke produced when a fire
occurs is related to the thickness and density of material
involved. The importance of specimen thickness is wellillus-
trated in Fig. X<4.2. The indicated deviations from a linear
relationship of D, with specimen thickness result from the
decreasing pyrolysis rate of the specimen as the burning layer
progresses into the specimen and, also, from the increasing rate
of smoke dropout and condensation as high smoke concentra-
tion develops.

X4.6.3 The smoke density chamber provides a means lor
characterizing smoke production with an accuracy far in excess
of any application requirements that could be recommended. It
also provides a means for reporting rate of smoke production
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FIG. X4.2 D_, for Spruce as a Function of Specimen Thickness
Under Nonflaming Conditions
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and time at which specific smoke levels are reached under the
test conditions applied. The original paper describing the test
method (2) suggested one way these properties could be
combined with D, to yield a smoke obscuration index (SOI).
Since then others have suggested refinement of the classifica-
tion method. It scems that refinements such as these are only
likely to be of significant value under the most carefully
controlled fire safety conditions.

X5. STANDARD MATERIALS

X5.1 In the 1970s the Office of Standard Reference
Materials, National Bureau of Standards (NBS), Gaithersburg,
MD. developed two materials, intended for use as standard
reference materials for this instrument: a single layer of
alpha-cellulose (cotton linters) paper SRM 1006 and a plastic
sheet, SRM 1007a. Subsequently, the National Institute of
Standards and Technology (NIST), successor to the National
Bureau of Standards, developed a new plastic sheet, made of an
acrylonitrile-butadiene-styrene copolymer, SRM 1007b. The
calibration sheets issued with these materials demonstrated an
extreme variability with thickness, so that recommendations
were made to assess the thickness to within 0.0005 in. (0.013
mm). Moreover, there is no longer an instrument for Test

Method E 662 at NIST. and the organization does not issue any
updates on the materials. Moreover Table 1 and Table 2
indicate that the relative precision of the test method between
laboratories can range between 23.0 and 117.7 %, in the
flaming mode, and 16.0 and 95.5 %, in the non-flaming mode,
so that the test method variability combined with the thickness
dependence of the NIST materials, makes their use of low
value. More recently, the Federal Aviation Administration also
developed a material, intended for use as a standard reference
material for this instrument: a phenolic aircraft panel laminated
with a fire retarded adhesive, FAA Panel. Use of any standard
material does not obviate the need for following the calibration
and standardization procedure outlined in this standard.
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ACTIVE PAGES:

SCOPE

This standard covers the test methods for determining the toric gas generating
characteristics of aircraft materials, using the National Bureau of Standards (NBS)
Smoke Density Chamber for sample combustion. Gases specifically covered ace carbon
monoxide {CO), hydrogen cyanide {HCH), nitrogen oxides {NOy = NO + W02}, and sulfur
dioxide (SO3). These procedures may be used for other toxfc gases if so specified.
This test may be conducted simultaneously with the N83 smoke generation test
described in Saoke Generation by Materials on Combustion {BSS 7238).

PURPOSE

The purpose of this specification is to determine the levelsz of several toxic gases
{in pp=) released by 2 sample during combustion under specified thermal exposure
conditions.

CLASSIFICATION

Hot applicable to this specification.

APPLICABLE DOCIMEWNIS

The current lssue of the following references shall be a part of this standard
to the extent herein indicated:

AMINCO~-NBS Smoke Density Chamber, Cat. §-S800B, Instruction Manual 941-B
N¥BS Technical Hote 708, “Interlaboratory Evaluation of Smoke Density Chamber®

D:qurverk Ag pﬁbeck, "Detector Tube Handbook,® Second Edition, Available from
Suppliers of Drager Egquipment .

_BSS 7238 Test Method for Smoke Generation by Materials on Combustion

BSS 7242 Determination of the Concentration of Cyanide, Chloride, and Fluoride Ions
in Solutions from Combustion
COWTENYS

Not applicable to this specification.

DEVIRITIONS

Hot appliceble to this specification.

TEST SPRCIMEN REQUIRENEWTS

Specimen control shall be as specified in BSS 7238 Smoke Generation by Materials on
Combustion. A minimum of two specimens shall be tested to measure the evolution of
any specific toxicant. If the observed concentration of the toxicant exceeds

50 percent of the maximum permitted value, for either specimen, a third specimen
shall be tested.

BOQUI PRERT/APPARATUS

COMBUSTION CHAMBER

The NBS Swoke Chamber shall be used for sazple combustion.
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Water

Separatory

GAS ABALYSIS EQUIPMENT

Certein of the following items will be required, depending upon the specific gases
to he sedsured.

a. Driger Multigase Detector, Kodel 21/32 (Handpump).

Available from Safety and

Supply Co., 5510 E. Marginal Way South, Seattle, WA 98168.

b. Colorimetric Gas Deatector Tubes, as appropriate for the toxicant to be -

deternined.

Pilresburgh, PaA 15230.

&. HSA Band Pump.

Pittgburgh, PA 135208.

- 1 8ydrogen Chloride Detector Tube, Part No. 91635,

Appliances Co.

e. Digital Timer.

Available from National Drager Co., P.0. Box 120,
Available from Mine Safety Appliances (MSA} Co., P.0O. Box 428,
Available f£rom Mine Safety

A digital timer is recompended for determining the times to

{nitiate and terminate sampling unless asutomatic timers are used.

. Sampling Systes.
egquivalent to thase pr

A pumping system vapsble of providing sasple flow rates
uced by Driger and MSA hand pumps is recommended in

place of hand held pumps when large nusbers of tests are to be done. A systen
producing a flow rate of 6.7 x 10-%w3/s (400 mi/min.) is required when

scrubber saapling is used.
are desirable.

H

A

Funnel,

T % 10'3u3t2 liter)
Shut-off

Valve

—

NBS SHMOKE CHRMBER

Yaruue Gavge

Glase Graduated

Cylinder,
ML

1 x 1073 (1 Liter)

GAS SAMPLIRG SYSTEMS

Figure 1

Automatic timing controls to begin and end sampling
‘fwo suitable systems are shown in Pigure 1.

Solencid

" Electric Timer

Vacyum Pump

3= To Hood

Hesdle Valve

Flow Meter
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6.2 GAS ANALYSIS EQUIPMENT (Continued)

g. Gas Scrubbers. Impinger Ltype scrubbers {bubblers) shown in Figure 2 are
suitable for absorbing toxic gases ints 1.00 x 10-5mJ {10.0 ml) of absorbing
solutions at flow rates of up to 6.7 x 10-6al/s (400 ml/min). They may be
fabricated by any custom glass blower, Other scrubber designs can be used with
the approval of The Boeing Company Quality Control, provided data is furnished
demonstrating that a scrubbing efficiency of greater than 95 percent is
obtainable 2t the flow rates employed in this test with the toxicant
concentrations expected.

h. High Precision pE-meter. The Orion Model BOl or equivalent is recommended, to
provide the accurzey and precision needed vhen using specific ion electrodes.

i. Electrodes.

{1} Pluoride Specific Ion electrode, Orion Model 94-09%9A or equivalent.
Required for determination of HF.

{2} Chloride Specific Ion Electrode, Orion Model 94-1TA or equivalent.
Required for deteraination of HC! at concentrations above 500 ppm.

{3) Cyasnide Specific lon Electrode, Orion Model 34-06 or equivalent.
Recommended as an alternate to Driger tubes for determination of BCN.

{4) Double Junction Reference Rlectrode, Orion Model 94-02 or equivalent.
Required for use with above zpecific ion electrodes.

3. Continvous Toxic Gas Monitors. Continvous smonitoring egquipment forx any of the
gases covered in this specification may be substituted for these anslycical
wmethods with the approval of Boeing, provided that information is presented to
demonstrate that:

{1} ‘the equipment is able to measure the roxic g9as concentration in the smoke
chamber within + 20 percent,

{2) The total guantity of smoke chamber contents withdrawn by all sampling
devices during the total duration of the test does not exceed 10 percent
of the total volume of the smoke chamber.
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6.2 GAS ANALYSIS EQUIPMENT {(Continued)

-

) P—1llmm (77186

orifice 0.75 * 0.20 mm L

NOTE: All dimensions nominal unless otherwise specifisd.

IMPINGER TYPE SCRUBBER { BUBBLER}

Figuse 2

-] l—— S=m {3/8 inch}

: ' ~_
Emmm (174 inchl}
Iz -
{1/8 inch)
i 10m= {2-7/8 inch)
i72 _-_v_ Gmm
6-3/4 = 1/4 inch)
(15716 ‘ /-—_-—
2dme fmch) 1 b

J0mm {2-3/4 inch)

inch}
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PROCEDURE
CALIBRATION

a. Prior to each day's work the Drager pump model 21/31 shall be tested as
specified in the Driger Detector Tube Handbook.

b. Calibration of the colorimetric gas detection tubes is not reguired. The tubes
shall be stored as described in the manufacturer's literature and used before
the expiration date printed on the package. ks

-1 Calibration of any gas sampling system shall be accomplished monthly, and more
frequently if any varistion in operation is suspected. The calibration
procedure shall demonstrate that the system will aspirate the proper volume of
gas within *+ 5 percent through the detection devices (colorimetrric tubes or
scrubbers) when operated for the time period and at the flow settings used
duzing test. This may be accomplished either using a soap bubble flowmeter
(available from Kin-Tech Laboratories, Inc., Texas City, Texas) or by drawing
water into a gas burette attached to the sampling port. A record shall be
maintained of these settings, and the causes of any major changes in these
walues shall be ascertained and corrected.

TEST PROCEDURES

Approved gas analysis methods for this specification are listed in Table I.

specific gas detection tubes are suitable for the determination of CO, HCN, 502 and
¥Oy {NO + NO3) in the concentration ranges normslly produced in the NBS smoke
chamber. A convenient alternative method for CO uses the continuous NDIR monitor
listed. Gas detection tubes can be used for low concentrations of BF and HCL;
however, the higher concentrations of these gases produced by burning some materials
will require gas scrubbing followed by specific ion electrode analysis, as described
in BS3 7242, Determination of the Concentration of Cyanide, Chloride, and Fluoride
Ions in Solutions from Combustion. Substitution of other amalytical technigues is
permissible subject to the approval of Boeing Quality Control when data is provided
demonstrating that such techniques will produce equivalent results. These tests can
be done simgltanesusly with the smoke generation tests (BSS 7238) without affecting
the smoke measurements.
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7.2 TEST PROCEDURES (Continued)

TABLE I

APPROVED GAS ANALYSIS METSODS

MAXIMOM
HEASURABLE
TOXIC CORCENTRATION ANALYTICAL EQUIPHENT COMMENTS
GAS PPH METBOD REQUIRED
co 12,000 Colorimetric Pump, Tubes Higher ranges
Tubes availadle
5,000 Instrumental, Beckman Hodel 384 Furnishes continuous
Nondispersive or eguivelent record
Infrared
s -1 4 i5s Colorinetsic Pump, Tubes Cannot increase range
Tubes by decreasing aumber
) of pump strokes
2,500 Scrubbing, Precision pH Meter, | See 855 7242
Specific Ion Fluoride Electrode
'”"m\\\ Electrode
| BCL 100 Colorimetric Pump, Tubes
Des
500 MZA Tube MSA Pump, Tubes
10,000 Scrubbing, Precision pH~Meter, | See BSS 7242
Specific Ion Chloride Electrode
Electrode
KOy s6¢ Colorimetsic Pump, Tubes Use Nitrous Fumes
Tubes tubes only
507 2,000 Colorimerric Pumps. Tubes
/ég Tubes
L BCH.... 150 Colorimetric Punps Tubes
Tubes
P.aé“’g@“ T 2,500 Secubbing, Precision pH-Mecer, | See BSS 7242
3 /(/6"3 specific Ion Cyanide Electrode
Electrode
(o2
Ti2.1 SAMPLING TIME
Unless otherwise specified, initiate sampling 240 seconds {4 min.) after beginning
the smoke test.
T.2.2 TEST SEQUENCE

{a} Chanmber Conditioning

The chamber shall be preconditioned by burning at least four specimens evolving
BY imsmadiately before measuring BF evolution froz a test material. Either
specimens of the test materisl itself or conditioning specimens with 2 3 =il
fedlar costing may be employed. This treatment decreases the rate at which BF
iz adsorbed by the chamber walls from the chamber stmosphere. MHeasurement of
EF evolution shall {mmediately follow this conditioning, and reconditicning is
necessary vhenever an interruption in testing occurs (test of a non-RF evolving
material, lunch or overnight break, equipment malfunction, etc.)

BSS
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1.2.2

TEST SEQUENCE {Continued)

(b} Colorimetric Gas Detection Tubes

A list of available colorimetric gas detection tubes and of their measuring

ranges is given in Table II.

Select a tube and number of strokes {or sample

volume), 50 that an on-scale stain will be produced by the toxic gas
concentration expected.

TABLE Il

AVAILABLE GAS CETECTOR TUBES FOR VARIOUS TOXICANTS

NO. oF MEASURING
roxre | COLORIMETRIC GRS [ETECTOR TUBE | olhers RANGE COMENRTS
GAS TUBE NO. L] PPM
co i0/6 10 10 to 300

5 20 ro 600

2 50 to 1500

1 100 to 3000

0.1 percent 3 1000 to 3000
BF 1.5/ 20 1.5 to 1% Cannot extend range
by decreasing number
of strokes.
HCL 1/a 10 1 o 10

3 2 to 20

2 5 to 50

1 10 to 100

5 - 0.100 Requires 40 sec for

1 0 to 500 1 stroke

BOy 8.5/a 5 0.5 o 10 Tubes specific for
BO2 alone are also
available.

2/a 10 2 to 50
5 S to lOO
20/a 2 20 ro SO0
Fﬂg 1/a 10 1l to 20 NO72 produces
5 2 o 40 negative
2 $ to 100 intecference.
2073 10 20 to 200 HO; produces

5 40 to 400 negative

2 108 to 1000 interference.

1 206 o 2000 H2S produces
positive
interference.

HCH 2/a 5 2 to 30

2 5 to 75

1 16 to 150

{1} Break off the ends of the detector tube.
gas sampling port of the NBS chamber.

Attach it as shown in Figure 3 to 2

A total of four detector tubes and/for
bubblers may be installed for a single smoke run.

{2} Attach & handpump (Dr¥ger or MSA) or the gas sampling system to the external
opening of the N85 chamber gas sampling por:.

{3) At the designated time during the smoke test, open the valve in the chamber
sampling port and either activate the hand pump for the proper numbder BSS

of strokes or draw the proper volume of gas through the tube using
the gas sampling system, at the proper flow rate for the specific
tube

7239
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7.2.2 TEST SEQUERCE (Continued)

{4) After completing the smoke test and purging the chamber, note the stsin {color
change) produced. Discard any result if flow blockage dve to soot deposition
has occurred.

{5} Record the following:

- Sample Identification -
- Smoke Test Run Humber .

. Test Conditions (flux, flaming or smoldering, ete.}

- Time of Initisting Sample

- Duration of Sampling

- Tube Used (Toxicant, Part No.}

- LY (ppm) - length of observed stain where x is specific tozicant

- Ny = standard number of strokes for tube

- n = actual number of strokes used
or
= ¥o = gtandard value for tube used

®ng + 1.00 x 10¢ ad (100 =1}

- v = volume aspitated - n - 1.00 x 10-%m3
- f = flowmeter reading during sampling, if flow system used
- c% (ppm) = messured concentration of roxicant X in smoke chamber

Lx - n x « Vo
" Lopm T g2 OF Mopa T 42

BSS
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s B {8 TEST SEQUENCE (

Colo
Tube

Plas

PVC Sprinkler
Type

Continued)

gimetric

tic Elbow,

TR

INSTALLATION OF SAMPLING DEVICES IN SMOKE CHAMBER

Figure 3

o Gas Sampling System

w
w
141+

NBS Spoke Chamber
{8OT TO SCALE)

Bubbler

1.35 c=
0.5 in.)
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T.2.3 GAS SCRUBBERS

2. Place 1.00 z 1073 3 (1D0.0 ®1) of 0.1 K sodium hydrozide solution in a clean,
dry bubbler. Avoid wetting the gas inlet tube above the liquid level.

B. Prior to the test, attsch the bubbler to a gas sampling port of the WES chamber
&s shown in Pigure 3.

(-9 At the designated time during the test, open the valve in the gsampling line.
Adjust the flow rate to 6.7 x 10-6m3/s {400 ml/win) and continwve until 10~3 m3
{1 liter), unless otherwise gpecified, has been aspirated.

d. Afrer completing the smoke test and purging the chamber, rinse the gas inlet
tube by using s rubber belb to draw absorbing solution up into the tube several
times being cavtlous not to let the solution reach the bulb. Transfer the
bubbler tontents to a screv capped plastic bottle for subsequent analysis.

e. Record the following:

Sample Identification

Test Conditions (flux, flaming or emoldecring}
Run Nusber

Sampling Port Location

Time of Initiating Sampling

buration of Sampling

Plowmeter Setting During Sampling

f. As socom sz poesible, preferadbly on the day of testing, and in no case later
than 72 hours following completion of a test series, analyze the solutions
using the snalytical methods described in BSS 7242. Record the following dats:

C; = Messvred molar concentration of analyte in the bubbler solution.

c® (ppm) w C': v ¥ = Concentration of toxicant in parts per
million in NBS chanmber atmosphere,

where o=
x = Specific roxicant measured

¥ = Analytical Fector = 2.5 m 105 for a
10=3m3 (1 liter) gas sample at
30 degrees C and 103 Pz [l atm) pressure,
scrubbed by 1.00 z 10-523 {10.0 =mI)
of sbsorbing solution

BSS
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CALCULATIONS

for each toxicant measured, calculate the average value of C {ppm) and the standard
deviation as follows:

Clpa * L pa
n

5% =\ fnS(ex 2 cx 2
\/ }; PP“) ‘2: PPW}

n {a-1)
wheres
cx = x
Pom Average value of cme

cx = x
5: Spm Sum of measured Cppm valves

PP

n = Humber of individual values of

x = x
E(C EJZ Sum of squared Cppn valves
2 -]
(Wote this is not equivalent tocgge use of symbol n in Section 7.2.2b.(5))

5% = Measurement standard deviation for toxicants

REPORTIRG

The test report for this specification may be combined with the smoke density test
report of BSS 7238, The following data on each specimen shall be reported unless
otherwvise specified.

a. Complete specimen identification, i.e. material composition and construction,
alpha-numerie identifier, thickness, and weight.

b. Test conditions, e.g. radiant flux, flaming or smoldering, etc.
¢. The analytical method used in measuring C¥_,

d. The values of €* (ppm) at 240 seconds (4 min}, unless otherwise specified, for
each toxicant tested.

e. The values of CX (ppm) and of S¥ for each toxicant measured.

£. Comparison of the CJ.. values with the requirements as called out in the
applicable specificggiou.

BSS
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Designation: E 1354 - 04a

An American National Standard

—y|!

INTERNATIONAL
Standard Test Method for
Heat and Visible Smoke Release Rates for Materials and
Products Using an Oxygen Consumption Calorimeter®
This standard is issued under the fixed designation E 1354, the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon () indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This fire-test-response standard provides for measuring
the response of materials exposed to controlled levels of
radiant heating with or without an external ignitor.

1.2 This test method is used to determine the ignitability,
heat release rates, mass loss rates, effective heat of combustion,
and visible smoke development of materials and products.

1.3 The rate of heat release is determined by measurement
of the oxygen consumption as determined by the oxygen
concentration and the flow rate in the exhaust product stream.
The effective heat of combustion is determined from a con-
comitant measurement of specimen mass loss rate, in combi-
nation with the heat release rate. Smoke development is
measured by obscuration of light by the combustion product
stream.

1.4 Specimens shall be exposed to heating fluxes in the
range of 0 to 100 kW/m?, External ignition, when used, shall
be by electric spark. The value of the heating flux and the use
of external ignition are to be as specified in the relevant
material or performance standard (see X1.2). The normal
specimen testing orientation is horizontal, independent of
whether the end-use application involves a horizontal or a
vertical orientation. The apparatus also contains provisions for
vertical orientation testing; this is used for exploratory or
diagnostic studies only.

1.5 Ignitability is determined as a measurement of time
from initial exposure to time of sustained flaming.

1.6 This test method has been developed for use for material
and product evaluations, mathematical modeling, design pur-
poses, or development and research. Examples of material
specimens include portions of an end-use product or the
various components used in the end-use product.

1.7 The values stated in SI units are to be regarded as the
standard.

1.8 This standard is used to measure and describe the
response of materials, products, or assemblies to heat and

' This test method is under the jurisdiction of ASTM Commitiee E05 on Fire
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and
Combustion Products.

Current edition approved April 1, 2004. Published May 2004, Originally
approved in 1990. Last previous edition approved in 2004 as E 1354 - 04,

flame under controlled conditions, but does not by itself

incorporate all factors required for fire hazard or fire risk
assessment of the materials, products, or assemblies under
actual fire conditions.

1.9 This standard does not purport to address all of the
safery concerns, Iif anv, associated with its use. It is the
responsibility of the wser of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regularory limitations prior to use. For specific hazard
statements, see Section 7.

2. Referenced Documents

2.1 ASTM Standards: *

D 5865 Test Method for Gross Calorific Value of Coal and
Coke

E 176 Terminology of Fire Standards

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E 662 Test Method for Specific Optical Density of Smoke
Generated by Solid Materials

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

E 906 Test Method for Heat and Visible Smoke Release
Rates for Materials and Products

2.2 ISO Standards:

ISO 5657-1986(E) Fire Tests—reaction to fire—ignitability
of building materials?

ISO 5725 Precision of test methods—determination of re-
peatability and reproducibility for a standard test method
by inter-laboratory tests®

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology E 176.
3.2 Definitions of Terms Specific to This Standard:

 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Ammual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American National Standards Institute {ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

Copyright @ ASTM International, 100 Barr Harbor Drive, PO Box CT00, West Conshohocken, PA 19428-2359, United Siates.
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4y E 1354 - 04a

3.2.1 effective heat of combustion, n—the measured heat

t = time, s.
release divided by the mass loss for a specified time period. ty = oxygen analyzer delay time, s.
3.2.2 heating flux, n—the incident flux imposed externally ty = time to sustained flaming (s).
from the heater on the specimen at the initiation of the test. p = density (kg/m?).
3.2.2.1 Discussion—The specimen, once ignited, is also At = sampling time interval, s.
heated by its own flame. & = absolute temperature of gas at the orifice meter,
3.2.3 heat release rate, n—the heat evolved from the . K.
specimen, per unit of time. g = \{olumc exhaust flow rate, meab;ured at the loca-
3.2.4 ignitability, n—the propensity to ignition, as measured . tion of the laser photometer, m”/s.
by the time to sustained flaming, in seconds, at a specified ~ 0, ~— ©Xygen analyzer reading, mole fraction Oy(-).
heating flux. Xo_.r, - initial value of oxygen analyzer rea(%mg_(—},
3.2.5 net heat of combustion, n—the oxygen bomb (see Test Xo, N oxigen AialyZeL teading, Beloe celay tme s
Method D 5865) value for the heat of combustion, corrected a; _ ;;zé?gc(e_i.tinction area, for smoke, m¥/kg.
for gaseous state of product water. o = repeatability standard deviation (same units as r).
3.2.6 orientation, n—the plane in which the exposed face of 0.; = reproducibility standard deviation (same units as
the specimen is located during testing, either vertical or R).

horizontal facing up.

3.2.7 oxygen consumption principle, n—the expression of
the relationship between the mass of oxygen consumed during
combustion and the heat released.

3.2.8 smoke obscuration, n—reduction of light transmission
by smoke, as measured by light attenuation.

3.2.9 sustained flaming, n-—existence of flame on or over
most of the specimen surface for periods of at least 4 s.

3.29.1 Discussion—Flaming of less than 4 s duration is
identified as flashing or transitory flaming.

3.3 Svmbols:

A, = nominal specimen exposed surface arca, 0.01 m”.

= calibration constant for oxygen consumption
analysis, m'” — kg'? - k',

Ah, = net heat of combustion, kJ/kg.

4. Summary of Test Method

4.1 This test method is based on the observation (1)* that,
generally, the net heat of combustion is directly related to the
amount of oxygen required for combustion. The relationship is
that approximately 13.1 % 10 kJ of heat are released per | kg
of oxygen consumed. Specimens in the test are burned in
ambient air conditions, while being subjected to a predeter-
mined external heat flux, which can be set from 0 to 100
kW/m>. Burning may be either with or without a spark ignition.
The primary measurements are oxygen concentrations and
exhaust gas flow rate. Additional measurements include the
mass-loss rate of the specimen, the time to sustained flaming
and smoke obscuration, or as required in the relevant material
or performance standard.

Ah, .4 = cffective heat of combustion, kl/kg. 5. Significance and Use

I = actual beam intensity. 5.1 This test method is used primarily to determine the heat
I = beam intensity with no smoke. evolved in, or contributed to, a fire involving products of the
k = smoke extinction coefficient, m™". test material. Also included is a determination of the effective
L = extinction beam path length, m. heat of combustion, mass loss rate, the time to sustained
i = specimen mass, kg. flaming, and smoke production. These properties are deter-
me = final specimen mass, kg.

m, = initial specimen mass, kg.

specimen mass loss rate, kg/s.

orifice meter pressure differential, Pa.

q"o = total heat released, kJ/m® (Note that kJ = kW-s).

mined on small size specimens that are representative of those
in the intended end use.

5.2 This test method is applicable to various categories of
products and is not limited to representing a single fire
scenario. Additional guidance for testing is given in X1.2.3 and

q = heat release rate, kW.
q = heat release rate per unit area, kW/m?. X111
qﬁmax = maximum heat release rate per unit area (kW/ 5.3 This test method is not applicable to end-use products
m?). that do not have planar, or nearly planar, external surfaces.
q"1s0 = average heat release rate, per unit area, over the
time period starting at r,, and ending 180 s later 6. Apparatus
(kW/m?). 6.1 General:
r = repeatability (the units are the same as for the 6.1.1 All dimensions given in the figures that are followed
variable being characterized). by an asterisk are mandatory, and shall be followed within
R = reproducibility (the units are the same as for the nominal tolerances of =1 mm, unless otherwise specified.
variable being characterized). Particularly critical dimensions are followed by an asterisk in
r = stoichiometric oxygen/fuel mass ratio (-). Figs. 1-12.
s, = sample-based standard deviation estimate for re-

peatability (same units as r).
= sample-based standard deviation estimate for re-
producibility (same units as R).

-

*The boldface numbers in parentheses refer to the list of references at the end of
this test method.
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Orifice Plate, Orifice
Size is 1/2 1.D. of Stack
685"

Pressure Ports
Thermocouple (located
—_ on stack center line)

——_{/—5? mm" Dia. Crifice

Gas Sample

| 114 mm Dia. Duct]|

i
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A Vibration | !
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Note 1-—All dimensions are in millimetres.
Note 2—* Indicates a critical dimension.
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FIG. 1 Overall View of Apparatus
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Note 1—All dimensions are in millimetres.
Note 2-—* Indicates a critical dimension.
FIG. 2 Cross-Section View Through the Heater

160" 1)
Ceramic Fiber Packing 4

Cone Hinge and Mount Bracket /

6.1.2 The test apparatus® shall consist essentially of the
following components: a conical radiant electric heater, ca-
pable of horizontal or vertical orientation; specimen holders,
different for the two orientations; an exhaust gas system with
oxygen monitoring and flow measuring instrumentation; an
electric ignition spark plug; a data collection and analysis
system; and a load cell for measuring specimen mass loss. A
general view of the apparatus is shown in Fig. 1; a cross section
through the heater in Fig. 2; and exploded views of horizontal
and vertical orientations in Fig. 3 and Fig. 4.

6.1.3 Additional details describing features and operation of
the test apparatus are given in Ref (2).

6.2 Conical Heater:

6.2.1 The active element of the heater shall consist of an
electrical heater rod, rated at 5000 W at 240 V, tightly wound

* A list of suppliers of this apparatus is available from ASTM Headquarters,

Copyright by ASTM Int'l (all rights reserved); Thu Apr 12 13:12:52 EDT 2007
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Calibration
Burnar

13 mm Calcium €5_~>
Silicate Board

—13 mm Calcium
Silicate Heat Shield

FIG. 3 Exploded View, Horizontal Orientation

into the shape of a truncated cone (Fig. 2 and Fig. 4). The
heater shall be encased on the outside with a double-wall
stainless steel cone, packed with a refractory fiber material of
approximately 100 kg/m? density.

6.2.2 The heater shall be hinged so it can be swung into
either a horizontal or a vertical orientation. The heater shall be
capable of producing irradiances on the surface of the speci-
men of up to 100 kW/m?. The irradiance shall be uniform
within the central 50 by 50-mm area of the specimen to within
*2 % in the horizontal orientation and to within =10 % in the
vertical orientation. As the geometry of the heater is critical,
the dimensions on Fig. 2 are mandatory.

6.2.3 The irradiance from the heater shall be capable of
being held at a preset level by means of a temperature
controller and three type K stainless steel sheathed thermo-
couples, symmetrically disposed and in contact with, but not
welded to, the heater element (see Fig. 2). The thermocouples

Goodycar Tire Rubber Co pursuant to License Agreement. No further reproductions authorized.
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Vertical Sample Holder ——
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FIG. 4 Exploded View, Vertical Orientation

shall be of equal length and wired in parallel to the temperature
controller. The standard thermocouples are sheathed, 1.5 and
1.6 mm outside diameter, with an unexposed hot junction.
Alternatively, either 3 mm outside diameter sheathed thermo-
couples with an exposed hot junction or | mm outside diameter
sheathed thermocouples with unexposed hot junction can be
used.

6.3 Temperature Controller:

6.3.1 The temperature controller for the heater shall be
capable of holding the element temperature steady to within
£2°C. A suitable system is a 3-term controller (proportional,
integral, and derivative) and a thyristor unit capable of switch-
ing currents up to 25 A at 240 V.

6.3.2 The controller shall have a temperature input range of
0 to 1000°C; a set scale capable of being read to 2°C or better;
and automatic cold junction compensation. The controller shall
be equipped with a safety feature such that in the event of an
open circuit in the thermocouple line, it will cause the
temperature to fall to near the bottom of its range.

6.3.3 The thyristor unit shall be of the zero crossing and not
of the phase angle type.

6.3.4 The heater temperature shall be monitored by a meter
capable of being read to £2°C, or better. It shall be permitted
to be incorporated into the temperature controller.

6.4 Exhaust Svstem:

6.4.1 The exhaust-gas system shall consist of a high tem-
perature centrifugal exhaust fan, a hood, intake and exhaust
ducts for the fan, and an orifice plate flowmeter (Fig. 5). The
exhaust system shall be capable of developing flows from
0.012 to 0.035 m¥s.

6.4.2 A restrictive orifice (57 mm inside diameter) shall be
located between the hood and the duct to promote mixing.

6.4.3 A ring sampler shall be located in the fan intake duct
for gas sampling, 685 mm from the hood (Fig. 1). The ring
sampler shall contain twelve holes to average the stream
composition with the holes facing away from the flow to avoid
soot clogging.

6.4.4 The temperature of the gas stream shall be measured
using a 1.0 to 1.6 mm outside diameter sheathed-junction

Copyright by ASTM Int'l (all rights reserved); Thu Apr 12 13:12:52 EDT 2007
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thermocouple or a 3 mm outside diameter exposed junction
thermocouple positioned in the exhaust stack on the centerline
and 100 mm upstream from the measuring orifice plate.

6.4.5 The flow rate shall be determined by measuring the
differential pressure across a sharp-edged orifice (57 mm inside
diameter) in the exhaust stack, at least 350 mm downstream
from the fan when the latter is located as shown in Fig. 5.

6.4.6 In other details, the geometry of the exhaust system is
not critical. Where necessary, small deviations from the rec-
ommended dimensions given in Fig. 5 shall be permitted to be
made. The inner diameter of the duct and the orifice plates is
not a critical dimension. Also the fan does not need to be at the
exact location as indicated on Fig. 5, but shall be permitted to
be further downstream, allowing for a more common type of
fan to be used. In this case, sufficient undisturbed inflow
distances to the gas sampling probe and the measuring orifice
shall be provided for the flow to be uniformly mixed.

6.5 Load Cell—The general arrangement of the specimen
holders on the load cell is indicated in Fig. 3 and Fig. 4. The
load cell shall have an accuracy of 0.1 g, and shall have a total
weighing range of at least 3.5 kg of which at least 500 g shall
be available for direct monitoring during any single test.

6.6 Specimen Mounting:

6.6.1 The horizontal specimen holder is shown in Fig. 6.

6.6.2 The bottom of the horizontal specimen holder shall be
lined with a layer of low density (nominal density 65 kg/m®)
refractory fiber blanket with a thickness of at least 13 mm. The
distance between the bottom surface of the cone heater and the
top of the specimen shall be adjusted to be 25 mm. For
mechanisms constructed according to the drawing in Fig. 2
this is accomplished by using 