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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 ofthis smoke safety proceeding to match the proposed increase in conveyor belt flame 
resistance [RIN 1219-AB591 is particularly appropriate - and necessary - since the agency was notified 
in 1996 by a major chemical supply company that: 

It is not uncommon forflame retardants to actually increase the amount ofsmoke 
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! 

*** 
... 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 signijkant, 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 
speciJication, 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; 

1 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 ~ i t h d r a w n . ~  

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 HCl, 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. 

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 ampliJied in an underground mine where visibility, 
escape routes, and access by rescuers are already severely limited. This situation 
is further worsened by the growingpractice of using 'belt air' to ventilate the 
mine face. This practically guarantees that any smoke and toxic combustion 
products from a beltfire 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 intere~t."~ 

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, 

5 U.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 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 

t 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-1 990s, 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 beltJtarne 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 (HC1) is a common combustion 
product in coal mine conveyor beltfires. Plile 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 afire is in the 
early growth stage, escaping miners will meet with visibilityproblems before any 
other. The minimum acceptable smoke visibility is reached before the critical 
maximum carbon monoxide value.6 

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 ...p roduced from smoldering PVC belts result in dense 
smoke as measured by obscuration and OD [optical den~ity].~ 

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. 

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. 

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 1995.8 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 
minimizeflammability not also cause a higher probability offire ignitions 
or noxious products of combustion in the event of a fire .... 

*** 
Another factor that has not been properly researched is the increase in 
toxicity and smoke from the new more flame resistant belting. l f a  more 
flame resistant belt produces fumes that are more toxic and dense, the new 
rules may cause more harm than good.9 

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

*** 
0 Smoke production rates - an indicator of visibility and toxicity. 

0 Toxic gas production rates - an indicator of toxicity. 

These additionalparameters define the tenability of conditions to support life....'' 

60 Fed. Reg. 1659 1, March 3 1, 1995. 

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

' O  K.B. Kramer and D.J. Maguire, The Goodyear Tire & Rubber Company, letter to MSHA, June 2, 
1995. 
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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 
signiJicantly 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 HC1 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 thosefires that MSHA mentions would if 
the conveyor belts had met these new standards. l 3  

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. 

l 2  http://~~~.n~~11a.go~/beltaiT/JUne%202007/TSP%20Meeting%20Jne%2020th%202007 Goodyear.pdf 

l 3  Gary L. Jensen, Concerned Miner, Letter to MSHA, March 13, 1993. 
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Another serious concern is the black, billowing smokeproduced 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. "I4 

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. 

l4 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.I5 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. There is not 
necessarily a relationship between flammability and smoke emission, so that the 
flammability test alone does not adequately testfor those two characteristics. For 
example, some situations may result in verv little flame spread, but a great deal 
of smoke. The low flammability will not indicate the smoke emission 
characteristics of such material.I6 

Thus, UMTA considered and rejected the notion that preventing flame propagation provides 
protection a~ainst  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. 

IS  47 Fed. Reg. 53559, November 26,1982. 

l 6  49 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, 
identzJj, specijic 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 report17 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 formaterials 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.. . . I 8  

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 (spec@ optical densityl 
should be measured in either the flaming or non-flaming mode, depending on 
which mode generates the most smoke. l9  

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. 

l7 Found at http://www.nap.edu/catalog.php?record id=1869#toc 

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

l9 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."20 

The FRA fire safety guidelines including smoke emission criteria for 15 different components of rail 
passenger cars.21 Of particular importance is that the FRA recommended the same smoke standards for 
most materials, i.e., an optical density (Ds) s 100 after 1.5 minutes of the test, and a Ds 1200 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 Ds (4.0) 1 250 while FRA recommended a 
somewhat more stringent standard of D, (4.0) s 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 Ds (4.0) 1200 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  guideline^.'^ The FRA stated that the updated 
guidelines "provides an additional performance criteria for ... elastomers" i.e., a smoke emission standard. 

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

22 See 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. 

23 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.24 

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 Ds (1.5 ) < 100 and Ds (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 requirernentx2' 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: 

( I )  Preventfire or retard its growth? 
(2) Detect and suppress fire? 
(3) Protect occupants from the effects offire? 

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. 

24 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. 

25 61 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 ofpassen~ers 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, 1989.26 

The National Transportation Safety Board Highlights the Danger of Smoke and the Need for Smoke 
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 ...."27 

In the formal 1997 Accident Report, NTSB included witness accounts of the immediate aftermath ofthe 
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 anotherperson 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.28 

Another witness, 

26 61 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, NTSBIRAR-97/02, p. 3 1. 
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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.29 

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  material^."^^ The NTSB found that several 
materials failed either the smoke emissions limitations in flaming or non-flaming mode andlor 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  characteristic^."^' 

Moreover, 

The Safety Board concludes that because other commuter passenger cars may 
also have interior materials that may not meet specifiedperformance criteria for 
flammability and smoke emission characteristics, the safety of passengers in 
those cars could be at risk.32 

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

Review the testingprotocols 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 ~dmin is t ra t ion .~~  

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

29 Ibid. 

30 Ibid., p. 36. 

31 Ibid., p p  63-64. 

32 Ibid., p. 64. 

33 Ibid., 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 3 238.105 (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."34 

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."35 

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 sewice 
evaluated during the preliminary fire safety analysis as likely presenting an 
unacceptable risk of personal injury, including consideration o f  the extent to 
which interior materials comply with the test performance criteria for 
flammability andsmoke emission characteristics contained in Appendix B to this 
part or alternative standards approved by FRA under t h i ~ p a r t ; ~ ~  

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, 

justzjkation in the plan that the use of airfiom a belt entry would afford at least 
the same measure of  protection where belt haulage entries are not used to 
ventilate w ~ r k i n g ~ l a c e s , ~ ~  

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. 4975 1, September 23,1997. 

35 Ibid., p. 49800. 

36 Ibid., p. 49801. [Emphasis added.] 

37 73 Fed. Reg. 35053, June 19,2008. . [Emphasis added.] 
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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 us in^ 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, andfire safety standards must be 
con~ idered .~~  

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

he considered FRA 'sfire 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  characteristic^."^^ 

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 .... 40 

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 

38 64 Fed. Reg. 25555, May 12, 1999. 

39 Ibid., p. 25589. 

40 Ibid. 
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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 hndamental 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 200 1 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 UMTAIFRA 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 @: 

Accurately characterized the reliability and reproducibility of the BELT; 

t 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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Designation: E 662 - 01 

~ R N A ~ ~ M L  

An American National Standard 

Standard Test Method for 
Specific Optical Density of Smoke Generated by Solid 
Materials' 

This standard is iswed under the fix& designation Ehhl: the number immcdiatety following the designation indicates the year of 
original adoption or, in the caw of revision, the year of Inst revision. A n u m k r  in pawnhew indicatm thc year o f  Iwt reappmval. A 
suprwript cpsilon (€1 indicates en editorial change since the last ~viu ion or reapproval. 

This srtludurd I u r  been op/)ruvrtl for we by u#er~ics  uf the Depurrmcnr qf' Dejinse. 

1. Scope ing or Decomposition of Plastics 

1 . I  This fire-test-response srandard covers determination of "'' of Fire 

the specific optical density of smokc generated by solid 3, 
materials and asscmblics mounted in the vertical position i n  
thicknesses up to and including 1 in. (25.4 mm). 3.1 Definision.~-For definitions of terms found in this test 

1.2 Measurement is madc of the attenuation of a light beam method refer to Teminology 7h. - 
by smoke (suspended solid or liquid particles) accumulating 
within a closed chamber due to nonflaming pymlydc decom- 
position and flaming combustion. 

1.3 Resultr are expressed in terms of specific optical density 
which is dcrivcd Fmtn a geometrical Factor and the measuwd 
optical density, a measurcnlent characteristic of the concentra- 
tion of smoke. 

1.4 This test method is intended for use in research and 
devclopment and not as a basis for ra~ings for regulatory 
puqmses. 

1.5 This standard tneasu!es rrnd describes the response o j  
tnureric~l.~, pruducr.~, or a.ssemhlie.s ro hear atul Jume u d c r  
cun~rolled cunditiuns, but does not by i~selj ilacorporute all 
juc~ors required for jre huzurd or fire risk assessment of the 
materials, products or assemblies under actual fire co~dizions. 

1.6 This sra~dard does not purport to address all of the 
sofee concerns, if any, associated with its use. It is the 
responsibility of the user of this stunhrd lo e.~fuBli.vh appro- 
priate safety and healrh pracrices and detemtine the upplica- 
hilirv of q 1 i 1 0  tory limi~arions prior lo 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 Sfandud.\,: 
13 ?S43 Test Method for Density of Smoke from the Bum- 

' This lest niethnd is under the jurisdiction of ASTM Commirtec E05 on Fire 
Standards and is  the direcr responsihiliry of Subcommiute? E05.21 on Smoke and 
Cornbudon Products. 

Current diriun approved July 15. 2006. Published August 2006. Originally 
nppmvcd in 1979. Last previous ediiion approved in 2005 ;IS E b62 ,- 05. 

'For rrlirenced ASTM \hndardh, visit thc ASTLI wthsit?, uwa.astm.org, ur 
cuntpck ASTM Cuskomer Service at ~erv~ceBastm.org. For Annual Bmlk <$A.TT.M 
Srundads volume ~nlotmalion. refer ro rhe wand~d'x Docuinclit Turnmay p u g  on 
the ASTM wchsitc. 

4. Summary of Test Method 
4.1 Tllis 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 Btu/ 
s.ft2(2.5 ~ l c r n ' )  averaged over thc central 1.5-in. (38.1 -mm) 
diameter area of a vertically mounted specimen facing the 
radiant healcr. TThc nominal 3 by 3-in, (76.2 by 76.2-mm) 
specimen is mounted within a holder which exposes an arcu 
measuring 2'Y16 by Zq/l/lh in. (65.1 by 65.1 rnm). The holder i s  
able to acc~mrnodace 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 Rame 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 
nanflaming conditions within a closed chamber. A photometric 
system with a vertical light path is used to rneasurc the varying 
light transmission as smoke accumulates. The light transmit- 
tance measurements are used to calculate spccifc optical 
dcnsity of the smoke generated during thc time period to reach 
the maximum value.3 

5. Significance and Use 
5.1 This test method provides a means far 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 spzcific to the 
specimen or assembly in the form and thickness tested and arc 

' Additional pdt-dmelers, such a\ the maximum rate of smoke accumulation. time 
tu a Rned oplical denhity leud. or a smoke obscurdtion index pmvidz potentially 
uwful inhrmation. See .:p?rr:dri %;. 

CopyrighrOASTU Intemauonal. 100 Barr Harbor Drive. PO Box CXIO, Wesl CenshhMksn, PA 194282958. Unltud States. 
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not to k considered inherent fundmental properties of the 
material tested. Thus, i t  is likely that closely repeatable or 
reprcducibb expcnmcntal results are not to k 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 mcthod 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 methds 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 dam 
obtained are sensitive to variations which in other test methods 
might be c~nsidered to be insignificant (see Section (3). A 
precision statement based on the resuits of a roundrobin test by 
a prior draft vcrsion of this test method is given in 14.1 

5.5 In this procedure, the specimens arc 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 describd in this procedure. 

6. Limitations 

6.1 If during the test of one or more of the three replicate 
samples there occurs such unusual behavbr as (I) the speci- 
men falling out of the holder, (2) melted material overtlowing 
the sample holder trough, (3) self-ignition in the pyrolysis 
mode, (4 )  extinguish men^ 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 teskd in the 
t a t  mode in which the unusual behavior wcur td .  Data 
obtained frum the improper tests noted above shall not be 
incorporated in the averaged data but the occurrence shall be 
reported. The mst 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 geomeuy, surface orientation, thickness (either 
overajl or individual layer), weighl. and composition. It is, 
therefore. critical that the replicate samples be cut, sawed, or 
blanked to identical sample areas. 3 by 3, +0, -0.03 in. (76.2 
by 76.2, +0, -0.8 mrn), and that records be kept of the 
respective weights with the individual test data. It is fmsible 
that evduation 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 

reduce the variability but are likely to not be tm1y indicative of 
the actual variability to be expected from the material as 
normally supplied. 

6.3 The resulls of the t a t  apply only to the thickness rrf (he 
specimen as tested. There is no common mahematical 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 
t a t  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 mggedness 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 W~th resiIient samples, take extreme care to ensure that 
each replicate sample in its aluminum foil wrapper is installed 
so that each protrudes identicalIy through the front sample 
holder ogening. Unequal promsion will subject the samples to 
different effective imdiances 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 pmven sensitive 
to small differences in conditioning (see Section '4). 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. 1 shows examples of the test apparatus, with a 

detaiIed description contained in the remainder of Section 7 
and in Arinev A2. The apparatus shall include the following: 

7.1.1 Est Chamber-As shown in Fig 1 ,  the tmt chamber 
shall be fabricated from laminatd panelsS to provide inside 
dimensions of 36 by 24 by 336 2 '/a in. (9 14 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 mew! resistant to chemical attack and corrosion. 
and suitable for periodic clewing. Seated windows shall be 
provided to accommodate n vertical photometric system. AIL 
other chamber penetrations shall be sealed. When all opedings 
are c l o d ,  the chamber shall be capable of developing and 
maintaining positive pressure during test periods, in accor- 
dance with 11.11. 

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

' a t k  test methods for measuring ~rnoke available at h e  time of t k  publica- 
oons referenced have b n  reviewed and s u r n r n w i p d  in 'The Control of  Snmke in 
Building Flree-A Stale of he  A A ~  Rcvlew." Mu?erials Rrxeaxh and SrdaTdS. VOI C o m ~ i a l l y  available pnels of porcelain-cnamcled steel (interior surttloel 
42, April 1871, pp. 16-23 and -'A Kepmt on Smoke Test Merhodri" ASTM perrnantntly lluninaad to an ashm-mgneEia  core and bzcked with galvantzed 
S1~11durdiz(11rvrr News. Augurt 1976. pp. 18-26, steel (cxlwor surface). total thickness Xa in. 6 . 6  mm), have been found suitable. 
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A-Photomultyllier tube housing 
&.-Chamber 
CBtow-out panel (in Row of chamber) 
W i n g e d  d m  wllh window 
E--Exhaust vent control 
F-*adlometer oulput jacks 
G--Temperature (wall) Indicator 
H-Auiotranslormer 
1-Furnace switch 
&Voltmeter (furnace) 
K--Fuse holder (furnace) 
1-Radiometer air flowmeter 
&Gas and air (burner) flowmeter 

N-Ftawmeter shutoff valves 
O S a m p l e  m r  B m b  
P-L~ght source switch 
G-Ught source voltage lacks 
R-Line switch 
%Base cabinet 
T-Indicating lamps 
U-Microphotometer (photomutllpller) 
V--Optical system rods 
W--Optical system floor widow 
X-Exhaust vent damper 
Y-Inlet vent damper 
2-ACCaSS POrlS 

FIG. 1 Smoke Denslty Chamber Assembly 

be used to provide a constant irradiance un h e  specimen conditions with the chamber door closed, o l  2.20 ? 0.04 
surface. The furnace shall be located along the centcrlinc 13tu/ft2.s (2.50 t 0.05 w/crnz) for 20 min. The control system 
equidistml between the front and bslck of the chamber, with the shall consist of an autotransformer or alternative control 
opening facing toward and about 12 in, (305 mm) from the device, and a voltmeter or other means for monitoring the 
right wall. The centerline of the furnace shall be about 7-% in. electrical input. Where line voltage fluctuations exceed 5 2 . 5 ,  
(195 mm) abovc thc chamber floor. Thc furnace control system a constant voltage transformer is required to ~naintain the 
shall maintain the required irradiance level, under steady-state prescribed irradiance level. 
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A4tainless steel tube G-Stainless steel spacers 
&Front insulating rlng H--Stainless steel reflectors {3) 
C--Ceramic lube J--Center insulating disk 
D-4ieaterlplate 525 W K-Insulating spacer ring 
E-Stainless sfeel mountlng screw L--Rear insulating disk 
F-lnsulatmg gasket &Sheet metal screw (2) 

P-Healer Ieadslporcelain beads 

FIG. 2 Furnace Section 

7.1.3 Specimen Holder-Specimcn holders shaIlconform in of the smoke generated by materials under tesr. Thc systcin 
shape and dimension to that shown in 1 . 1 ~  2 and be fabricated shall he as shown in Frgc S ; ~ n c i  6 and include the following: 
to expose a 2V16 by 29/r+in. (55.1 by 65.1 -mm) specimen area. 7.1.5.1 ne light source shall be an incandescant lamp 
Also shown in Fig. 7 are thc spring and rods for retaining  he operaed at a fixed voltage in a circuit poweFed by a constant- 
specimen within the holders. voltage transformer. Thc light source shall be mounted in a 

7.1 .4 Frumework for ' f  S~ecinrera and light-tight box, T h i s  box contain [he necessary 
furnace and 'pecirnen s u ~ ~ o n i n g  fralncwork optich to a collimaled light beam passing veflical]y 

shall be construaed essentially in accordance a i th  Fr;. 4 through the chamber. The light source shall be maintained at an 
7.1.5 Plwromerric Sysrem-The pholr~n~etric syslern shall operating voltage rcquircd to provide a brightness lempraturc consist of a light source and photodetector, oriented vertically 

10 reduce incasuremcni variations resulting From stratification of 2200 2 100°K. 
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g P r P L E  HOLDER 

SAMPLE IIOLDER 

SPRINT: BENT 
FROM ,010 X 
3" X 3"PHOSi 
BRONZE 

RETAINING 
ROD 

SEc=_!ON 
FIG. 3 Details of Spacimen Holder and Pllot Burner 

SPECIMEN RETAINER 

FIG. 4 Furnace Support 

5 
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A--Photomullplier houslng 
B-Photomultiplier tube and socket 
C - U p r  shuner blade, w h  ND2 tlltar over one aperture 
M c w e r  shuner tlw, wlh stngle apelture 
E--Opal d b s e r  Rlter 
F-Aperature disk 
G--Neutral density mpsnsating filter (trm se! ot 8) 
tt-Lens, 7 diopter (2) 
J--Optlcal system hwsing (2) 

K4pt ica l  system plaiforms (2) 
C--Optical wrndows (2) 
&Chamber root 
N-Allgnmnt rods (3) 
P-Parallel l~ght beam, 1.E-In. (37.5-mm) diameter 
W h a m b e r  flow 
R-4ptPcal w~ndw, heater, s#mnetiber@ass 50 Wl115 V 
$--Regulates llgM saurce transformer, 115l125 V-8 V 
T--Adjustah& resistor, IIpM sour-, adjusted for 4 V 

-Light swrw 

FIG. 5 Photometer Detalls 

7.1.5.2 The photodetector shall be a photomultiplier tube, 
with an S-4 spectral sensitivity Fesponse and a dark current less 
than 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 saurce or photo- 
multiplier aging and reduction in light transmission, through 

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 apposite 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 almmphem. 
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OPTICAL SYSTEM LOCATIOK 
plan v i e w  

FIG. 6 Photometer Location 

Rear of Chamber 

7.1.5.3 In addition ta the above campensating filter, a 
neutral density range extender filter permitting the system to 
measure to Optical Density 6 i s  incorporated in the wmmercial 
version of the smoke density chamkr. The accuracy of 
read-outs in the range above 1), 528 i s  affected by the excessive 
light scattering present in such heavy smoke concentration. 
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FIG. 7 

Where D, values over 500 arc measured, i t  is necessary to 
provide a chamher window cover to prevent room light rrom 
being scattered into [he photomultiplier, thereby providing an 
incorrwt higher ~ansmission value. 

7.1.6 Rudiomier-The radiometer for standardizing the 
output of the radianr heat furnace shall be of the circular foil 
type, the operation of which was described by Gardonn6 The 
construction of the radiometer shall k as shown in It-ip. 7. It 
shetI1 have a stainless steel reflective heat shield with a 1 %-in. 
(38.1-rnm) aperature on the front and a finned cooler supplied 
with compressed air mounted on the rear to maintain a constant 
body temperature of 200 2 5 O f  (93 2 3'C). 

7.1.7 Thermocouple--A thennocouple shall bz fixed to thc 
center of the inner surface of the wall opposite the door. 

7.1.8 Output Insrrumen#urion-The outputs of the radiom- 
eter shall bc measured using a potentiometer and the results 
recorded. The photodetector output shall be mcasu~.ed with a 
polentinmeter or other suitable instrument capable of mcasure- 
ment over the range of the appararus. See ii~:$:c~x h I .  

7.1.9 Munometer for Chamber Pw.ssure Measurerncn~s -A 
simple water manometer with a r a n g  up to 6 in. (152 mm) ol' 
water shall be provided to monitor chamber pressure and 
Icakage. The pressure mensurc~nent point shall be rhrough a 
pas-sampling port in the chamber. A sirnpIe water column or 
relief valve shall be provided to permit control of chamber 
pressure (see A 2  8). 

I 

" Gsrdnli K.. "An Ir~.?lrurncnr fw thc Diwt Measurement of Inlense Them~al 
Raditltion." Review 01 Scie~uijc Imfrrunen~s, Vol 24. 1953. pp. 3M-370. 
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7.1 -10 Multiple Fiurneler Burner-For a flaming exposure 
tesi, a six-tube burner. with conslruction details a h  shown in 
I'rp. 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 bc ctntcred l/4 2 I / I ~  in. (6.4 -t 1 5 mm) 
above thc lower opening of the spccirnen holder and % 2 %? 
in. (6.4 -' 0.8 mm) away from the face of the specimen surface. 
Provision shall be made to rotate or rnovc thc burntr out of 
position during nonflaming exposures. The fuel rhall be 
propane hav~ng a 95 % purity or better. Filtercd oil-fret air and 
propane shall be fed through calibrated flawmeters and needle 
valves at 500 cm3/min for air and 50 cm3/rnin for the propane 
and premixed prior to enuy into burner. 

7.1 .lo.] It is possible that sample drippings or residue will 
cause constrictions for even completely seal) the small open- 
ings in  he individual burner tiplets unless the test residues are 
immediately relnovcd whilc still warm and viscous. One way 
to correct or prevent thjs situation, is for the user to prepare a 
set of six krnpcred spring stccl wires each approximalely 3 '/2 
in. (89 mm) long fabricated from 30-gage (0.014 in.) wire, with 
one end crimped or b w e d  to a knob to facilitate handling and 
lo prevent possible loss of thc wire by complelc insertion. 
When a burncr tiplet hccornus clogged as indicated by ffamc 
cx~inguishmcnt and inability to religh~ or by a distorted flame 
shape, thus invalidating the test, inserl one of the wiws 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 tikc manner but leave them in 
place until the next time the burner is used. Where residues and 
clogging pcrsist, prepare a suitable solvent bath so as to 
immerse the complete burner and use the wires lo loosen any 
hardened residue. Because of the construction, it  is impossible 
to service ~ h c  individual burner tiplets from the opposite 
direction. but becausc of ratio of diamctcrs any obstruction 
pushed through the small diameter t~plets is likely 10 readily 
drop through the largc diameter body tubing. Since mnst of 
these solvcnts arc hazardous, lake proper precautions for 
handling and protection of personnel. If flnirnmable solvents are 
used, take care to ensure that "hot" burners are not immersed 
untiI cmld to room temgerature. 

8. Test Specimens 
8.1 Size-The test specimens shall be 3 by 3, 4, -0.03 in. 

(76.2 by 76.2, +0, -0.8 nlrn) by the intended installation 
rhickness up to and including 1 in. (25.4 mrn). Materials 
greater than 1 in. (25.4 mm) thick shall be sliced to I-in. 
(25.4-mm) thickncss, and each origind (uncut) surface tested 
separately i f  required under 8.3, t . The results are valid only fur 
the thickness and form in which i~ is tested. 

8.2 Speci~nm On'er~ru~ion-if visual inspection of n rnate- 
rial indicates a pronounced grain pstttc1.n. process-induced 
orientation or other nonisotropic pmpcny, a minimum of three 
specimens shdl be tested for each orientation in each test 
mode. Exception: Where data are availabre and to show that 
oricntation of a specimen has no significant effect on test 

spcimens tested under different orientations shaIl not be used 
to obtain average values. 

Ntm I-It has been shown the orientation of carpet lest specinlens in 
tcrnls of length and width (parallel and pcrpendiculu to manufacrud 
direction) has no slatistically significant effect on the specitic optical 
density obtained using this rest method (1.1.1 

8.3 Specimen Assembly: 
8.3.1 The specimen shall be representative of the materials 

or compos i~  and shalt 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 ma~ria ls  for the 
test specimens skall Ix thc same as those For the intendd 
application. If a material or assembly has thc potential to bc 
exposed to a fire on either side, both sides shall be tested. If an 
adhesive i s  intend& for field application of a finish material or 
subs&&, the prescribed lype of adhesive and the spreading 
rate recommended for the a5sernbly of test specimen shall be 
usetl and reported. 

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

8.3.2 For comparative tests of finish materials wilhout a 
normal substrate or core, and for screening purposes only, thc 
following procedures shall be employed: 

8.3.2.1 Rigid or semirigid sheet materials shall be testcd by 
thc standard procedure regardless of thickness. 

8.3.2.2 In the absence of a specified assen~bly systan, 
paints, adhesives, etc., intended for application to combustible 
haw materials, shall be applid to the snlooth face of Y4-in. 
(6.4-mm) thick tempcred hardboard, nominal density 50 to 60 
lb/ft3(800 to 960 kglrn3), 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 thc 
composite specimen. 

8.3.2.3 faints, adhesives, etc., intended for application to 
~ioncombustiblc substrate materials. shall lx applied to the 
smooth face of k i n .  (6.4-mm) thick inorganic reinforced 
cement board, nominally 1 10 k 10 lb/k? 1762 '. 160 kglm ') 
i n  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 millbward 

results, the specimen is only requi&d to be tested in one 
orientation witl-I each test mode (Sof~: I ) .  When specimens 
require testing in differeut orientations, results of tests for each 'lhe boldface nllrnher~ in p;lrcnthe%s refer m the I~st of references at thc end of 

orientation shall be repoi~cd separately. Test resula from this ~rundnrd. 
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backing. Five wire staples? approximately '/2 by '/a 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 quadrsnt~.~ 

8.3.3 Specimen Mounting: 
8.3.3.1 All specimens shall be covered across thc back, 

along the edges, and over the front surface periphery with a 
single sheet of aluminum foil (0.001 2 0.0005 in. or approxi- 
mately 0.04 rnm) with the dull side in contact with the 
specimen. Care shall be taken not to puncture thc foil or 
introduce unnecessary wrinkles during thc 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 front edgcs 
shall be trimmed off after mounting. A flap of foil shall bc cut 
and bent forward a1 ihe spout to permit flow from melting 
specimcns. 

8.3.3.2 All specimens shall be backed with a shccl ot' Y:-in. 
( I  2.7-mm) thick inorganic insulation millboard. Tnu spccirncn 
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 5/s to 1 in. (16 to 25 mm) thick. Do 
not deform compressible s p i m e n s  below their normal thick- 
ness. 

9. Conditioning 
9.1 Predry specimens for 24 h at 140 2 S°F (60 ? 3OC) and 

thcn condition to equilibrium (constant weight) at an ambient 
temperature of 73 2 5°F (23 ? 3°C) and a relative humidity of 
50 ? 5 %  (see h.7). 

9.2 While in the conditioning chamber. specimens shall be 
supportd in racks so that air has access to a11 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 cxposun: 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 my set of three replicates is such 
that i t  excceds thc minimum result by 50 '% for no apparent 
reason. test an additional set of three replicates and report the 
average of all six rwults. 

10.1.2 Whcre onc or more of the threc replicate tests 
dcmonsrrate an unusual behavior such as detailed in 6 :. test 
three additional replicates. Average only thc data from the 
successful tests. 

10.2 Prior to use in a test, record the weight of each srunple. 
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 
1 1.1 Conduct all tests in a room or enclosed space having an 

ambient temperature of 73 5 5°F (23 2 3°C) and relative 
humidiry of approximately 50 8 at the time of test. Tdke 

' Bov~~ich B8. Swingline 888. Acc. Monurch No I tl; or +nrlat. heife k e n  
Ibund mtisfaclory. 

precautions to provide a means for removing potentially 
hu~,ardous gases from the area of operation. 

11.1.1 Caution is urged during use of appamtus to prevent 
explosion of pyrol y zates, particular1 y 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. 

1 1.2 Clem the chamber walls whenever periodic visual 
inspecdon indicates the need.' Clean the exposed surfaces of 
the glass windows separating the photodctactor and light 
source housing from the interior of the chamber. before each 
test (ethyl alcohol is generally effective). C h m d  residues on 
the specimen holder and horizontal rods shall be removcd 
between tests to avoid contamination. 

11.3 During the warm-up pe l id  all electric systems (l'ur- 
nace, light source, photometcr readout, etc.) shall be on, thc 
exhaust venl and chamber door closed, and the inlet vent open. 
When the temperature on the center surface of thc buck wall 
reaches a steady-state value in the range of 95 ? 4°F (35 1 
2°C) the chamber is ready for furnace calibrating nr tcsting. To 
increase chamber wall surface temperature to the stated Ievel it  
i s  permissible for an auxiliary heater to be used but i t  shall be 
removed prior to performing tests; conversely to decrease this 
temperature, the exhaust bloww is a useful tool to intrducc 
cooler air from thc laboratory. Standardize the furnace output 
irradiance at periodic intervals according to tcst experience 
(normally twice per test day). 

11.4 A "blank" specimen holder, with the inorganic insuia- 
tion millboard backing exposed shall always be direcriy in 
front of the furnace except when displaced to the side by ( I )  the 
specimen holder during a test or (2) the radiometer during 
calibration. It shafl bc returned immediately to this position 
when testing or calibration is completed to prevent excessive 
heating of thc rtdjxent wall surface. 

11.5 During the calibration, place the radiometer on the 
horizontal rods of the furnace support framework and accu- 
rately position in rront of the fumam opening, by sliding and 
displacing the "blank specimen holder against the pre- 
positioned stop. With the chamber door closed and inlet venl 
opened, adjust the compressed air supply to the radiometer 
cooler lo maintain its body temperature at 200 -5 5OF (93" 2 
3°C). Adjust the auto~ansformer setting so as to obtain ihe 
calibrated millivolt outpul of the radiometer corresponding to a 
steady-statc irradiance of 2.2 2 0.04 ~ t u t s . f t ~ ( 2 . 5  1 0.05 
w/crn2) averaged over the central 1.5-in. (38.1 -mm) diameter 
arca. Use thc recorder or mctcr described in 7.1.8 to monitor 
the radiometer output. After the prescribed irrndimce 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 merer 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 an~moniuted spruy derergent and auti scouring pads have k n  found 
elfectivc. 
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TABLE 2 Precision Statement for 0,,4onflamlng~ 
Coefficients of Variation, 9e Relative Precision, % 

Material Withln a B e m e n  Wihin a Lab+ Between Cab- 
Laboratory Laboratwies wamly I#, ) oratories (R,) 

tauan hardwocd plywwd, unfinished, grade AD, */.-in. 
Untreated hemlock, %-in. 
H e m W ,  lreat%d, %-in. 
Red oak. %-In. 
Acoustical ceiling lire, untreated, '&-in. 
Nonawwlhl ceiling tlle, untreated, %-In. 
Standard gypsum board. %In. 
*%-in. highpressure standard decorative laminate, urea glue, 
on %-in. umreatd panickboard 
'/a?-in. hut,-pressure Rrs-rstardant decorative lamiriate. 
resorcind adheslue, on %-in. treated pattickboard 
W w l  plush carpet 
Polyester twist carpet 
N y h  ~ 1 s t  carpet 
Acrylk carpet 
Fiber glass-reinforced brorninated potyesler sheel 
Poly(viny1 chloride) tloorlny 
Polystyrene sheet 
Poly(me1hyl methacrylate) sh%et 
Fiber glass-reinforced polyester sheel 
Flexible polyurethane loam, h$h res~liency. %-In. 
Rlgid polyisccyanurare loam. %in. 
NBS SRM 1006' 

A Precisirm statements tor hardboard, unfinished, %-in.; particleboard, untreated, %in.; and linoleum are not given because the a,,, values fell outside the range of the 
instrument. 

'The average Dm value obtained by 20 laboratories testing 3 sampks each (60 samples) was 164. 

14.1.2 The precision statements in these tables arc ex- 1.1.1.4.2 Reproducibility. &-The critical difference within 
pressed as a percentage of the average T),, of each material and which two averages of three s ~ c i m c n s  each, obtained by two 
are based on only the validated rtsuils (see Section 3 )  from the different operators, using different instruments in different 
three replicates submitted to each laboratory. labordtories, can be expected to lie 95 % of the time because of 

14.1.3 Coeflcienr of Variation-The ratio of either the h e  random v~iat ions  within and between laboramries. 
"within laboratory" or "betwecn Iaboratories" standard devia- 14.2 ~ i ~ ~ ~ ~ ~ h ~  bias is unknown because the of 
tion to the ovcrall average I),, vatue for the material. expressed soecific optical density obtained in [his is defined 
as a percent. 

14.1.3 Relative Precision: 
only in terms of this test rnerhod. 

14.1.4.1 Repeatability, H,-The critical difference within Keywords 
which two averages of t h ~ c  specimens each, obtained on the 
same material by a sing!c opcrator using thc sarnc inslrumcnt, 15.1 fire; fre-test response standard; smoke; smokc cham- 
can be expected to lie 95 % of the time because of random bcr; smoke density; smoke obscuration; solids: specific optical 
variation within a laboratory. dcnsity 

ANNEXES 

(Mandatory Information) 

A l .  CALIBRATION OF TEST EQUIPMKNT 

Al .1  Photometric System the optical bean1 may be of importance in cases whcre light 

A ] .  1 . I  A properly used photometer of the type describd in Scatter takes place. as 0fkn OCCUrS in smoke X ~ U S O ~ S .  'Be~ause 

this document is  an jnhercntly linear deviw pmvidcd that of this, the following instructions arc included for use in cascs 

linear electronic rnrksuring and recording equipment has been wherc the photometer beam needs to be realigned following 
used. The linearity of absorption measurements is not &pen- replacement of the light source or some accidental misalign- 
dent upon critical beam collimation: however. cnllimation of ment. 
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A1 . I  .2 Alignmenr: to that corresponding to human vision. This is defined by the 
A1.1.2.1 Preparc an opaque tcmpler aboui 455 in. ( 1  15 mm) operating condition of the lamp source and the spectral 

in diameter with a centered 2-in. (51-mm) diameter drawn sensitivity of the photodetector. Since no precise control is 
circle. maintained over thc skze of this spectral band, i t  would be 

Of (4) Srrlalcss S t e e l  ulwr 

Thmomle  vim. Peen 
m kurm. Plrce Drop of 
EpOxj Reslo  an Lack W I r t  
a t  11lt From Dtrc .  Test 
for E l ~ L r f c a l  b d u c t i v i t y  
Attar Hbdening.  

-,"","" 

lkersocmmle Y!wr 
.DlO* m a , !  0.w- 
Cut M l r m  t o  42" L6.: ! l W m  

$f@ TO. SPA. m 1.371 Hole$ 0.t.  

FIG. A1 .I Copper Dlsk Calorimeter 

A 1.1.2.2 Attach the tcmplct with transparent tape to, and 
centered on, the upper optical window. With the optical system 
in its normal operational mode, observe thc project& image on 
the templet. A properly aligned beam will completely fill the 
2-in. (51-mm) circle with some spilI-over. Because of the 
filament, the pattern will not be a perfect circle. If the pautrn 
is too large or too small, the lower lens will require adjustment. 
Remove the cover from thc light source enclosure. If the 
partem i s  not centered, it will require repsitioning of thc lighk 
source or slight readjustment of the lens mount in its track. One 
way to optimiz the lens position is by slight adjustment until 
the maximum photometer reading is  obtained. whereupon il is 
lockcd. Rcplacc the enclosure cover, making sure that all 
screws have been tightly seated. 

A1.1.2.3 Switch off the photometer and remove [he cover 
From the roof-mounted optical enclosure. Remove the compen- 
sating filter holder from the lens mount and observe the 
converging bcarn of light. A properly focused and aligned 
beam will form a small intense spot at the disk aperture of lhe 
pholomultiplier 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 carel'ully ~l 'ocus .  
Tighten the screws and recheck the light spot. Remount Ihe 
compcnsatiag filter hoider into the lens mount and replace the 
enclosure mver. Replace all screws to prevent light leaks. 

A1.1.3 Li~learity Check-The photometer used with this 
instrument shall have an accuracy of k 3  % of the maximum 
reading on any range. It involves a specml band quite similar 

nccesswy, if accurate calibration were to be attempted, to make 
use of filters with constant transmission ovcr a spectral band of 
at least 350 to 750 nm. Such filters are not wadily available. 
Because of this and the inherent linearity of a properly 
constructed photometer and measuring circuit, i t  is not recom- 
mended that the test method user attempt precise calibration of 
the instrument over its operating range. The following rough 
csllibralion procedure is, however, recommended as a means to 
ensure that no gross failure of thc photomerric measuring 
system has occurred: 

A1 . I  -3.1 Complete alignment as in A 1.1.2. 
A I .  1.3.2 With thc photometer beam blocked, determine that 

the instrument shows izro transmission on all the normal 
photometer ranges without removal of the range extension 
filter from the photometer head. 

A1 . I  .3.3 Measure the transmission of a neutral density frltcr 
of non~inal optical density of 3.0 which has k e n  previously 
calibrated in another smoke density photometer. The two 
transmission measurements shall agree within 5 9% of the mean 
of the two measurements. Failing such agreement, investigate 
to detennine the rcnson for the discrepancy. 

A 1.1.4 Itange Extensiori Filter-Tf equipped with the nor- 
mal commercial microphotometer with incorporated dark cur- 
rent or blank adjust features, [he systcm is only able to mcasurt 
to 0.01 % transmittance, quivalcnt to a specific optical density 
of 528. To permil extension beyond this range, the commercial 
system is equipped with a glass ND2 filter in the shutter 
ausembiy. Determine the precise transmission of this filter as 

Copyright by ASTM Inr'l (all rights rcscrved); Mon Mar 12 14:22:06 EST 2007 
Downlmddprintcd by 
Goodycar Tirc Rubber Co pursuant to Lianx Agreement. No funhcr reproductions authorized. 



fallows: With the optical system adjusted as stated in I I .5 and A1.2.3 Allow the furnace and radiometer output and body 
leaving the filter in the optical pah, allow the chamber to temperature to equilibrate until a steady-state, millivo1t-output 
stabilize at the operabing temperature (35'C). Place over the of the radiometer is obtained. 
lower window a white cloth or tissue sufficiently thick so as to A1.2.4 Remove the radiometer and place a mI rake-of-heat 
give a "midscnle" reading when the photometer range switch rise copper disk calorimeter (Fig. A 1 . I )  promptly in front of the 

TABLE A l . l  Correction Factors for Range Extension Filter N M  Neutral Donslty FIIter Removal Conectiin FactorsA 

is set to the "1-scale." Adjust the micrometer knob to give an 
exact mid-scale reading (0.5 % transmittance). Rotate rhe 
range switch back to the" 100-scale" and move the range 
extension filter oul of the optical path. Observe the meter 
reading. If the meter reading is 50 % T, the value of the filter 
is exactly optical density 2.0 and the preprinted conversion 
tabtes, Appci:dix X2, are suitable for direct use. If the meter 
indication is high, the filter value i s  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 hppr-~~dix X:! from 'l'ablc 
A1.1. 

Mster Correction Opltcal densliy ot 
mdicaiion. factor neutral dens~ly filter, 

%T ct log P6p=a 

31 -27.4 1.79 
32 -25 6 1.81 
33 -B.8 1.82 
34 a 1  1.83 
35 -20.4 1.845 
36 -18.8 1.86 
37 -17.3 1.87 
38 -15.7 1.88 
30 -14.2 1.89 
40 -12.8 1.90 
41 -1 1.4 1.91 
42 -1 0.0 1.92 
43 -8.6 1.93 
44 -7 3 1.94 
45 -8.0 1.95 
46 4 8  1.06 
47 -3.5 1 97 
a -2.3 1.W 
49 -1 9 1 59 
W 0.0 2.00 

A12 Radiometer 

Meter GMlecticn Opth l  densliy ol 
~ndlcatlon, factor neutral denslly Wer, 

%T c, k9 O g P f i D  

51 t1.1 2.01 
52 +2.2 2.02 
53 +5.3 2.025 
54 4 . 4  2.03 
55 4 . 5  2.04 
56 t6.5 2.05 
57 +7+5 2.06 
58 4.6 2.064 
59 4 . 5  2.07 
W +?05  2 ern 
61 +11A 2.B6 
82 t12.3 2 .W 
83 t13.2 2.10 
64 +I42 2.107 
65 t15.0 2.114 
W + I 5 9  2.12 
67 +16.8 2.13 
68 t17.6 2.135 
69 t18.5 2.14 
70 +15.3 2.146 

A1.2.1 Calibrate the radiometer by comparing its voltage 
output when exposed to heal from the furnace to that of a 
copper disk calorimeter (see Fig. A 1. I ) (primary standard) 
when the latter is exposed to the same heat flux. Calibme at 
four furnace settings, two abave and two below the nominal 
2.5-W/cmZ set point of the test method. From this. draw a 
graph, plotting the heat flux r e c e i v d  by the radiometer against 
it3 voltage oulput. The procedure and calculatiuns are as 
Follows: 

% o W o n s  are to be applled to the D, values equlvalmi to ik 0.01 to 0.001 %Tand 0.001 lo 0.00001 %Tvalues only. 

furnace in the same psit ion as in A 1 2 .2 .  hnmedkdtel y there- 
after, abiain a short (5 to 15s)  word of the temperature rise of 
the disk. Determine this temperature rise of the calorime~r by 
measuring the electrical output of the thermocouple attached to 
the back of the disk, employing a recording potentiometer 
operating at a fast chart s p e d  (1 in./s; 25 mds). Remove the 
calorimeter and allow it to ml back to room temperature. 

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

A1.2.6 Choose the furnace settings so that the output of the 
radiometer, expressed in w/cm2 of radiant heat received. 
brackets the v f  ue 2.50 wlcm2. 

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

Unfis 

Qr = radlanl heat received by radiometer, w/cm2 
= radiant heat received by copper dmk, 
= G(d77dn) = (GAj x [d(mVydRl 

whepe: 

m& = rate of temperature rise d copper disk, "CK' 
d~r-vYm 'm slop of t h e m u p b  millimtl autpui w M b g  p~ mV.sL' 

tentlomater, 
k = lhenncmuple mnversion mflSiam 

= 0 . M  mV x tor Chtomel-Alumd ktween 2O0C mV."C' 

A1.2.2 With the furnace operating at a voltage setting and W C ,  and 
= oonstant lor the parlicular dl* u s d  = KmdA,,a, 

between 90 and 95 V place the radiomem on the support rods where: 

so that it is positianed and oriented exactly as a test specimen K = oonverslon facior - 4.1 w, W.9&-' 
m = mass of mpper disk, uncoated, 

relative to the furnace. Adjust the air flow to the radiometer 9 
= specific heat of w p p r  = 0.0927. ca1.g' .'C 

cooier to maintain the M y  temperature of the radiometer at A. - net area oi expmd (bladtened) face of copper disk crn2 

2M 2 5°F (93 1 3OC). = A,-nA, 
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4 - gross area of e w m d  taw, crn2 
n = number of holes for supprtlng wires. 
Ah = area of each hole, a d  crnE 
a = radiation absorpllon of black coating on face of disk1" 

weighing 29.78 g and having a net a m  of 11.37 cm'. 

A1.2.7.1 The use of this copper disk calorimeter in calibral- 
ing a radiometer i s  illus&ated by the following example: 

FurnaM Rad,ometer afmwab S ~ P B  of Disk- 
Setting. V Output, mV Thermwup4e Om W/cm2 

Output, mVls 

NOTE AI .I-As an example of the pmcedure p r u ~ s e d .  i t  i s  possible Emm the above. n graph is obtained by drawing a best 
simplify the equation for the radiant hmt absorbed by s particular copper straight line through plotted points and the 
disk, as follows: 

Assume. IIS an example: 
indicated output intersecting the line at 2.5 W/cm2(see Fi9. 
. & I . ? ) .  Fmm his graph, the output of the radiometer corrc- 

7.lj- 

"& --. 3 

5 
r;: 
Q 

F, - 
d 
E 
n 
:7 1. 
e 

Then: 
A, = 11.37 cmZ 
C = 0.0927 cal.g-l.OC-' 
K = 4.184~al.g-' .~C-'  
k = 0.040 rnV.OC-' 
a = 0.98 

from which 

2 . 9  :i/c;12 
97 3.72 0.043 

0.081 
0.105 
D.1W 

------  

1 
,- I 

1 1 
I I : I I I I I 1 I b  

q 1 2 7  5 $ 7  l o 1 1  

sponding to a radiant heat flux of 2.50 w/crn2 is obtained; in 
this case the value is 8.8 mV. 

A1.2.8 Under normal continuous use conditions, the radi- 

!{&diorr,et;rr C l : t ~ b ~ t ,  +rV 
FIG. A1 2 Example--Calibration of Radlometer 

ometer shall be calibrated at least once every three months. 
Annual rccalibra~ons shall be required in all cases. 

A1.2.9 The blackened face of the radiometer shall bc 
inspected frequently. In case the coating is blistered, cracked, 
discolored. or broken, the coating shaH be removed, thc face of 
the radiometer cleaned, and a new coating applied. In this case. 
the rtxoatcd radiometer shall be mcdibrated before bcing uscd. 

4.183 X 29.78 X 0.0927 d(mV) A1.2. I0 The copper disk standard shall be carefully handled 

Q r =  1 1 . 3 7 X O . 9 8 ~ 0 , W t  '- do when in use, and protected from surface contamination and 
d(mV) 

mechanical abusc when stored. If  the blackened face shows 
= 25.9 I - dM alterations as in 9 1.2.'1 the coating shall be removed and thc 

N~~ A1,2-Thc is im only tu a disk face cleaned. The disk shall then be reweighed and recmtcd 
and any appropria~e corrections made in the calibration con- 
stant, G. before i t  is  used again. 

"'Nextel velvet 101-CIO prnvides a Rldiation ahsorption chmteri%tic la) of 
0.98. KextcI velvet I O l C l U  and its replocement. Solnr Ahsorixr Coating KP- 
UW, are no longer manufacmd by 3M Company. Nexrel ir a regiwrod wdemsrk 
of the 3M Compny. 
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A2. CONSTRUCTION DETAILS 

A2,l Radiant Heat Furnace 
A2.1.1 The furnacx shown in f'ig. I has been found to be 

suitable. The dimensions that are shown in b ~ g .  2 and thc 
components to which thcy rcfer arc critical. Other portions of 
the design are optional. The heating element consists of a 
coiled wire or othcr suitable electrical heating element capable 
of dissipating abiw 525 W, mounted verlically in a horizontal 
ceramic tube 3 in, (76.2 mm) in inside diameter by 3% in. (85.7 
mm) in outside diameter by I s !  in. (41.3 mm) long. The tube 
is bored out a! onc cnd to 3Sz-in. (77.0-mm) inside diametcr 
and to a depth of in. (15.9 mm) to accommodate the heating 
element. A %+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 Iend wire holes, shall be positioned &hind 
the heating elenlent and used lo center the assembly with 
respect to the front Win. (9.5-mm) insulation millboard ring 
by means of a 6-32 srainless steel screw. The adjust~nent nuls 
on the end of the centering screw shall provide proper spacing 
of the furnace components. The cavities adjacent to the hearing 
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. I-lnm) wall by 4Yn-in. (105-rnm) long stainless 
steel tubc. Two additional ,?&in. (9.5-mrn) insulation board 
spacing rings w d  a rear cover of W-in. (9.5-mm) insulation 
board shall complete the furnace. The furnace shalI be located 
centrally along the long axis of the charnkr with the opcning 
facing toward and about 12 in. (305 mm) from the right wall. 
The centerline of the furnace shaIl be about 73/4 in. (195 mrn) 
above the chamber floor. 

A1.3.2 Adjustment screws shall be providcd to align the 
hrnacc 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 thc spwimw holder described in 7.1 .:;. The rods shall 
support the holder so that the exposed specimen area i s  parallel 
to the furnace opening. Spacing stops shall be mounad at both 
ends of each rod to permit quick and accurate lateral position- 
ing of the specimen holder. 

A2A Photometric System 
A2.4.1 The photometric system shall consist of a light 

sourm and pho~osansitive element as defined in ? . I . ' .  Thc 
system shall be as shown in Fipk. 5 ~ n d  b. The window in ihc 
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 Ihe light path. The healer 
maintains the minimum window temperature at 1225°F (52°C) 
on the inner surface of the window to minimixe smoke 
condensation. The collimated beam inside the chamber shall 
have a path length of 36 t % in. (9 14 2 3 mm) and a scnsing 
cross section of l l/2 2 ]/#-in. (38 2 3-mm) diarnetcr (see 11~>1lcv 
19 l f. A typical photomultiplier pholometer system will require 
a high-voltage d-c power supply and a neutral density filter of 
sufficicnt oplical density to produce a convenient signal level 
for the indicator or recorder. The photometer system usccl shall 
be capable of permitting the recording of rctiable optical 
dcnsitics of at least 6.0, corresponding to transmittance valucs 
of 0.0001 B of the incident light (see Ar~pctcr~r!rx X2). 

A2.4.1.1 The two optical platfornu and their housings shall 
be kept in ali~nment with three metal rods. '/z in. ( 1  2.7 mm) in 

A2.2 Specimen Holder diameter, fastened securely illto S/M-in. (7.9-mm) thick extcr- 
nally mounted top and bottom plates and symmetrically 

A2.2.1 Thc specimen holder shall coniornl in shape and manged about collimalcd light 
dimension to Fig. 3 and be fabricaled by bending and brazing 
(or spot welding) 0.025-in. (0.6-mm) thick stainless steel sheet 
to provide a 1 *-in. (38.1-mm) depth, and to expose a z9/16 by 
2x6 in. (65.1 by 65.1 -mm) specimen area. As described in 
7 , l .3 ,  the holder shall have top and httorn guides to permit 
accurate centering of the exposed specimen m a  in relation to 
the furnace opening. A3 by 3-in. (76.2 by 75.2-mm) sheet aF 
%in. ( 12.7-mm) inorganic insulation millboard, having a 
nominal density of 50 ? 10 lb/ft3(800 ? 160 kg/m3) shall be 
used to back the specimen. A spring bent from 0.010 in. 
(approximately 0.25-mm) thick phosphorbronze shmt shalI be 
used with a stecl retaining rod to swurcly hold the spcimen 
and millboard backing in position during testing. 

A2.3 Support of Furnace and Specimen BoIder 
A2.3.1 The framework as shown in PI?. 6 shall havc welded 

to i t  a 5-in. (127-mm) outside diameter, %-in. (6.4-mn-I) wall, 
2-in. (50.8-mm) long horizontally oriented steel tubc to support 
the rdiant heat furnace dcscrikd in 7.1.2. This suppoll tube 
shall have provision to accurately align the furnace opening so 
that it is 1'/2 k l/32 in. (38.1 2 0.8 mm) away from, parallel to, 
and centered with respect to the exposed specimen area. 

A25 Radiometer 

A2.5.1 The 200°F (98°C) body temperature of the radiom- 
eter shall be monitored with a 100 to 2WUF (38 to 100°C) 
thermometer localed as shown in Fig. 7 in a fi by 'h by 1 '%in. 
(12.7 by 12.7 by 38.1 -mm) long brass or coppcr well drilled to 
accept: the thermometer with a close fit. The use of siIiconc 
grease is a way to enhance the probability of providing good 
thermal contact. The circular receiving surface of thc radiorn- 
eter shall bc spraycoated with an infrared-absorbing black 
 pain^. The radiometer shall be cdi brated calorimetrically in 
accordance with the procedure summarized in h 1.2. 

A2.6 Chamber Wall Thermocouple 
A2.6.1 A therm~couplc suitablc for measuring a tempera- 

ture of 35°C shall be ~nounied 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 celnent. 

A2.7 Burner 
A2.7.1 The multipIe burner shall have six tubes with con- 

struction details as shown in Fig. 3 (Note A?,. I ) .  The six tubes 
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shall be made fronl %-in. (3.2-mmf outsidc diamcrer by downward. The two intermediate tubes shall be directed venically 
0.03 1 -in (0.8-mm) wall stainless steel tubing. All tubes shall be downward the trough of Ihe holder. 

swaged at the tip to reduce the opening diamctcr to 0.055 in. A2.8 Chamber Pressure 
(1.4 mm). The manifold section of the burner shall consist of 
Vein. (6.4-mrn) outside diameter by 0.035-in. (0.9-mm) wall A2.8.1 A suitable pressure regulator consists of an o w n ,  

stainless sleel tubing. The other end of the manifold i s  attached water-filled bottle and a length of flexible tubing. onc end of 
which is connected to a sampling pon on the top of  the 

Lo a fitling in the chamber floor. 
chamber. The other end of the tubing is inserted 4 in. ( 1  00 mm) 

NOTE A2. I-The two outer tubes shall bc directed ~~ormal lo  h e  surface below the water surface. The bottle shall be Imatcd at or below 
of the specimen. Thc two inner tubes shall be directed at an angle of 45" the floor level of the chamber to avoid back-siphoning. 

APPENDIXES 

(Nunmandatory Information) 

XI .  ADDITIONAL CALCU1,KIlONS 

XI  . 1  The smoke chamber test results in a curvc of specific I I +- 1 
optical density versus time. The maximum specific optical 
density, D,, represents iota1 smoke accumulation. ~ddit ional  

where I,,,,, r,,, indicate the time in minutes at which thc information that may be of  value might include: 
smoke accu~nulation reaches 10,30, erc., % respectively, of the 

R, - rnaxlanwn rat% of mcrease In spsclfic optical dansiv per rnmuts. 
measured over am/ 2-mi" period, or 2 rnin f r m  the start ot the test. D,,v 

t , ,  - time to reach D, = 16 ( T =  75 %). or other smoke level. This is a 
slmpls measurement of Initiat Smoke generatmn. 

$01 - an abbrenation for tha smoke ohcuratton Index and ~ncwporates 
the e k t s  of total smoke, generaton rate. and time to reach 
D, = 16. It Is calculaled as toilows. 

17 
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X2. TABUI,AB COMV1;,RSION OF PERCWr TRANSMITTANCE TO SPECIFIC OPTICAL DENSITY WHEN G = 132. 
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X3. SUGGFSTED SMOKE DENSITY CHAM3ER REPORT FORM 

-Description 
Teat No. OWBtOr D8te 

0Perellngmldnh-m: 
~adlomettrr R ~ ~ W Q  mv. Q w m d a ~ e  a m) 
Fumaoe voltq~ Test M e  Pyoty9[= w/Flamhq: 
MB( Wings: Pmpene @ $0 d/m'n Air @ 540 a n s M m  

Ressure In. &O 
mamM Swlaca Condhima - 

. . . . - .- -- -. . .- - . 
P M ~ W ~ :  Oven @ O C  h-@ 9C RH h 
T h i i  mm. Density 
Welght: Inltld 

slana 
fld g Wt. Less g a 

Tasf Resub: 
M l n l r w r n T r a n s n W t a n c a 1 6  m m D m  T I m e t o M a x D , m i n  --- 'A T- P"J(wnJ- 

c p i ~ ~ :  
Mex Rate d DJrnin Tmw tore&ch416 n*l 

Rwwks:  

19 
Copyright by ASTM Infl (all rights r m c d ) ;  Mon Mar 12 14:22:06 EST 2007 
Downloadcdlprintcd by 
Goodycar Tirc Rubber Co pursuant to License Agrccmcnt. No furthcr reproductions authorizd. 



X4. COMMENTARY 

X4.1 Introduction 
X4.1.1 The srnokc density chamber tcst was dcvcloped ut 

the National Bureau of Standards and was first described in an 
ASTM rcsrmh syrnpsium in 1967 (2) .  Sincc that tin~c. there 
have been numerous publications reporting on its application 
and on studics of the comlat~on of resulrs of interlahorntory 
tests ihrough i!s use (3-9). 

X4.1.2 The method is somewhat like the box type tesl 
developed by Rohm and Haas (see Test Method n 1843 and 
Ref (10)). However, it provides certain modifications in the 
nature of specimen exposure and the capability for quantjtative 
measurement of the smoke produced. Advantages providcd by 
use of this test method include: (I) the smoke colIection 
chamber is essentially scaled so all smoke prcduccd during a 
test i s  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 
mlease: (3) a vertical photomeier i s  used as a means fur 
avoid~ng measurement crrors rcsul ling from ~moke straritica- 
lion: (4) provision is included for reporting the resull ot' srnokc 
measurements in terms of s p i f i c  optical dcns~ty, which is  a 
measurement of thc amounr of smoke produced and hence i s  
useful for comparing one material against another. 

X4.1.3 Measuremenrs made with the lest  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 SO to 95 %. 

X4.2 Features of Test Method 
X4.1.1 Two exposure conditions are simulated by the tcst: 

(I) radiant heating in the absence of ignition and (2) an open 

flaming combustion of the specimen in the prcsencc of 
supporting radiation. These two conditions were seicctcd as 
representative of two types of fire involvement of LI product. 
The irradiance level of 2.5 W/crn2 was selected as the highest 
for which must ctllulosics would pyroli7x without selfignition. 
This irradiancc level is much lower than that which would exist 
In a compartment after Rash-over. It more nearly simulates 
conditions in the initial stagcs of a fire. 

X4.2.1.1 The basis of selection of a specimen irradiance 
lcvel of 2.5 w/crnZ was discussed in X4.l.l. A furthcr 
comment on the uniformity of irradiance across the specimen 
surface seems desirable. From a scientific vicwpoini, it would 
be desirable to have conshnt 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, thcrcforc, more pracdcal 
to accept a modest nonuniformity of irradiancc across the 
surface of the specimen. This is not defincd in mms 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 
spec~fied in the test method is that measured by the radiometer 
described in the smdard, an instrument sensitive only to thc 
1 '/I-in. diameter central area of the specimen holder. 

X4.2.1.2 Fly. X3.1 shows the result of one survey of 
irradiance across the spccimen diagonal. This suggests that the 
overall averagc effective flux level during nonflaming pyrolysis 
is probably about 2.3 w/crn2. 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 thc 
test method might be applied. 

- -1 0 1 2 

Diagonal Dis ta~ce ,  in. 

FIG. X4.f Diagonal Survey of lrradlance at Speclmen Durlng Operatfon at Nominal 2.5 W/crn2 
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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 spcimen holder to 
colIcct and permit consumption of some of the molten residue. 
In processing this standard, questions were raiscd as to the 
usefulness of thc trough, since the thermal exposure to the 
material within it is less severe than that to rnatcrial that 
remains in the noimal specimen position. A small-scale study 
was conducted. It showed that thcnnoplas~ic matcrials differed 
widely. Wherea? appreciable smokc dcvcloped from one ma- 
terial placed in the trough. only a small quantity of smoke 
developed when anothcr rnatcrial was placed in the trough. 
This did not seem, however, to be too diflerent from that 
performance which might be expected from the same materials 
in another fire exposure, and thus there dots not seem to be my 
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 importa~it conhiderations 

is the dcgrm to which il, when applied lo a given material, will 
yield consiani results. Since thls test results in daqtruction of 
the specimen, the msults of any tcst to dcrcrrnine precision are 
affected not only by the random errors that might be inhcrent 
in thc proccdure but also by any variation in the properties of 
the replicate specimens. Thus, in studying the dcgroe to which 
experimental results can be repearcd within a given laboratory, 
it is desirable to use a material from which specimens of 
unifonn composition and dirnensioilal charac~ristics can be 
PEP&. 
X4.4.1.1 This fact was recognized in planning the large 

interlaboratory study of prccision of the measurement method. 
In spilc of this, some of thc experimental variability observed 
was undoubtedly related to variations in the replicate spcci- 
mens. In at least onc instance, variation In thickness as greal as 
20 O was observed. To assist in identifying variability resulting 
from this cause, requirementh for weighing specimens have 
now becn included as a pan of the test procedure. 

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

X4.4.2.1 Whcn studying the results reported by thc various 
laboratories particigat~ng in the round-robin study, i t  was 
realizcd that thc tcst method draft givcn to thc laboratories to 
Iblfow failed to contain a section describing conditions under 
which data obtained from the test should be excluded. Section 
6 of the test method now contains such information. These data 
were also excluded when calculating the precision data pre- 

sented in Section 14. For instance, certain materials were found 
to ignite under the nonflarning exposun: condition. Obviously, 
these were not nonflarning 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 rcported and uwd. Early draft versions of this standard 
contained a recommendation that a correction be applied to the 
measured Dm, by subtracting the smoke deposit on the window 
following a test. Tn addition, the current version requi~es 
reporting D,,,(corr). The reporting of Dm as a preferred mca- 
sureinent result is based on the following facts: 

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

X4.5.1.2 Experience has shown that the determination of T, 
uscd eventually to calculate D,(corr), is subject to variations in 
operacor technique during the chamber venting prrxcdure. 
X4.5.1.3 The introduction of the correction, while no1 in 

inclf a signiticant technical problem. suggests a technical 
sophistication that simply i s  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 tn be more consistent for the uncorrected 
data (DM,). 

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 yews. Fire fighters are 
hced with if daily in their work. However, three problems have 
tended to prevent application of standards limiting the accept- 
ability of matcrials or products on the basis of smokc produc- 
tion: ( I )  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 produce, when burning, release large quan- 
tities of smoke, and there have k e n  only limited ways of 
reducing smoke production. 

X4.6.1.1 The first problem still exists, although as indicated 
in k4.22.1 them is a valid basis for consideration that this typc 
of smoke measurement does in fact serve to measure thc lighl 
aucnuating propenies of the smoke. 

X4.6.1.2 The second problem has been partially alleviated 
with the dcvclopment of the smoke chamber. Howcvcr, iL 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 o n l y  
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 m o u n t  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 tires. 
X4.6.1.3 The third problem still rcmains. 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 devefop, very severe limitations 
would have to be placed on smoke production of both the 
building finish material and the occupancy items, and compre- 
hensive f re prevention and protection measures must be 
continually maintained. 
X4.6.2 It is important to remember that for any given 

thermal exposure condition, thc smoke produced when a fire 
occurs is related to the thickness and density of materid 
involved. The importanoe of specin~en thickness is wellilius- 
trated in Fig. X4.2. The indicated deviations from a linear 
relationship of Dm 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- 
won develops. 

X4.6.3 The smoke density chamber provides a means For 
characterizing srnake production with an accuracy far in excess 
of any application requirements that could be recommended. It 
also provides a m a s  for reporting rate of smoke production 

FIG. X45  Dm for Spruce as a Fundion of Speelmen Thlclaress 
Under Nonflarning Conditions 

and time at which specific smoke levels an: reached undcr the 
test conditions applied. The original paper describing the test 
method (2) suggested one way these properties could be 
mmbined with D,, to yield a smoke obscuration index (SOT). 
Since then others have suggested refinement of the classiiica- 
tion rn~hod.  It seems 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 Ofice of Standard Reference 
Materials, National Bureau of Standards (NBS), Gaithersburg, 
MD. developed two materials, intended far 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 ofstandards, developed a new plastic sheet, made of an 
acryloni~le-butadjenestyrene copolymer, SRM 1007b. The 
calibration sheets issued with these materials demonstrated an 
exmme variability with thickness, so that recommendations 
were made to assess the thickness to within 0.0005 in. (0.013 
mmJ. Moreover, there is no longer an instrument for Test 

Method E 662 at NET, 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 8, in the 
flaming mode, and 16.0 and 95.5 %, in the nowflaming mode, 
so that the test method variability combined with the thickness 
dependence of ihe 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 fw following the calibration 
and standardization procedure outlined in this standard. 
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6.2 M S  MUiSfS  f@3XPHEtrC I C ~ t i n u c d  1 IF 
9 -  Ess Scru-tr. lmpinqer typc scrubbers [bubbl+fst akovn I n  Plgure 2 are 
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1. 'L CALIBURTIOH 

A 

a. Prior to each day's w r l  the  #e&qigtr puap nQdd ZLJ31 shall ba rested as 
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7.Z.Z TEST 5- (Continued 1 
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bu o#urrad* 

15) u.crrzd thc X P x l l a f n g t  

- s-plm xd*atitiwtipa 

- m'prat nmUmbr  
3 mt W i t f o O ~  (IIWX, fmfq OT s w l * ~ L ~ ,  qtc*) 

- Ti- a0 Xa l t ia t iag  s a w *  

- Dutati~a ef S-ling 

- hrw ffd (Portcant, Part Ha.) - tr (POI) - lmngtb of ob.er#d s ta in  ubarm x 1s 8 p c r ; f t i E  t;b*iC-t 

- 1 stamlard nlnrbar aC strok*n Xor t* 

- # actual nmbar of sfTPjtt* us& 

Or 

- va - rertodatd vaSw Let t u k  

* % . 1.00 z 10-4 *3 (LOO d l  

- v - wlmr aspiertad * n - 1.00 = IO-ar3 . 
- f * IlPusetrt iradirrp during s*p!fnq, i f  flaw - EX [ p p )  * # . I o * ~  m t r a C i o o  DC wiatlt I i n  UD*h a h . l b t  

L;, . or C b  T 
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7 . 2 - 2  TEST icon t i  nuad) 
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1.2.3 -5 W B L R S  

a. PIKC 1-00 x 10-5 (1D.D al) of D-1 x s d i w  hydrorid+ *ohtion ia clean, 
e y  bubbler. *-id wrting tb- g r s  i a l r~  t u k  a b * a  t h  Liquid t w s l .  

8.  *tior tv tb. tea t ,  *tEaEb tbt bubbler ta a QMI sa*gLLng gort crC ti# SBS caabar 
m r h o v ~  fa tiqwrc 3. 

c. A t  k h  6*signsr*d ti- dorimg tb tan+, m a  tb. rrlw fa th rsapliaq t i  
W w t  t h  f lcv  tatm to 6.7 r 1&3/r { ~ O Q  a m i n )  .ad -tin* rmtix laZ'r3 
l k Li ) r -1-8 DtR*XUI 8. S V C ~  f Iai r b.81 b..13L u p i  x&W. 

d- hfWt -*ti- +b. 8wkr test *sd patgi t k  w h r ,  r i m  tbr gm intat 
t n k  by wing r e k r  bwlb te dta* abrcri& -tion ap i- th* * o h  n * * r a l  
ti- MI- e.aCi~oll aof CQ I*t t h  .cllutIeu r e a d  tbc bulb. h*=frr t h  
btramr emtmu to 8 scrw 428- pxwtia bttl* m r u h u w m t  aurtwf a ,  

8 .  w e  t b r  b&llr*i8gt 

S u p f t  f b t i f  i u t i o n  

h r t  C d i t i -  (flu. C l u i n g  oz amoXkriagl 

m a  u\r*kr+ 

W I f a g  Port b a t i o n  

T i m  st Eaiciatiag Smpling 

Duzatlon of Smpl tng 

Plo#at*r b t t i n g  Durinq S ~ s p l f a Q  

f. As - am pu8sibX*. prafctraly w tkc t h y  of te~ti.ag, id in ao clra later 
+mn 72  bowas Iatlwing ~ w p h t i ~ n  of r t a t  aericsr aarlyw tgt *=ti-s 
-ins tk analytical met-r ( k l ~ ~ i h d  in 1)S5 7242, Rcko*d the Zof lvuiag d.t.9 

w ka~*prad W a r  comcratrarlon od In thrt kbbler @l*l#- 

cX I m I  v v Camcm%rarirxn of WrIcaat la wets p r  
million ia ~ h m w r  a t m w p b ~ c a .  

w b r m  r 

r Spacific tuaicanr rr*.wad 

r - Amlytfcrl Xwrar * 2.5 a 105 Cur s 
l a - h J  ( I  if k r )  94s sraptc ae 
30 d a g t t r r  E end 205 11 aim) presrur*. 
K ~ W  by l .ao r la-W (10-0 ml) 
of r b r b i n p  aoJrrrion 
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7.3 WLATZMIS 

R 

For each toxicant measured. calculate the average ralor  of C (p) and the  standard 
dewiatim as fo&Pws: 

- 
C& * x=&m 

1 

xto 9 - ~ C Z  ) a  
F F  P P  

a {n-1) 

ukrer 

Cfim = Avaxya vaua  of 

X C ~  * sm of  w a a u r d  C b  V~IVS. 

x ~ J  = 
sw of squar& C k  valves 

n * S m b r  of inBirriilua1 valms of 
(Mote this i s  not opaivalana: ta h uar of  -1 n in Sectiaa 7.2.2b. (531 

SX = Heasurearnt standard deriatiaa for tmicaots 

, 8 m 
The -st report for t h i s  spesificatio~ may b wmbined w i t h  tba s w k e  dmls i ty  rest 
r a p r t  at -8 7238. The Eollowirq data on e m  rpacilran shall b rrportd  untrlsm 
Q ~ ~ # K u ~ s *  8g.eLfhd. 

a .  C e m p l e t m  rpacilllan iffentii iratio~, i - 8 .  ostsz fa l  cempsf tlan an8 construction, 
alpha-ntll~ario l W t f X P a c ,  th4cRne5sV and ~ l g h t .  

b. msf canditiaaa, a.9. radfnnt flux, elaainqor d h r i n q ,  ate.  

c.  TBt  mmlytiul metbod wed in matturiw cCL 
PPI* 

d. The values ot 5 (-1 a t  240 smconds ( 8  sin), =less othrruis* swetf fed, for 
tach toxicant fcpc*d. 

Ttm 78%- 9 a& sS fmf e w b  b w i c a ~ t  wssucad. 

f .  Ccap8riam-of tbe value@ vtth tlm rpgrrir-bs as c a l k d  out i n  the 
applicable mi t iemcw. 
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