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1.0
INTRODUCTION 

The "New Task" for ARAC as published in the 27 September, 2010 edition of the Federal Register has several sections indicating that the group should consider maintaining or increasing the level of flammability safety as it proposes a re-write of FAR 25.853 language.   As part of the ARAC Advisory Committee research, the applicability of the NBS Smoke Density test requirement of the current rule, 14 CFR25.853(d), was investigated.  

The following language from the “New Task” supports the Committee’s decision to review these criteria as part of its charter:

The FAA has drafted an approach that would simplify compliance demonstrations, and upgrade the level of safety for flammability throughout the airplane. The objective of the proposed approach is to completely revisit the flammability requirements and take advantage of the wealth of data available from FAA research and advances in material fire safety to provide a simpler regulation that provides a higher level of safety for transport category airplanes.

The approach would also generalize the requirements for heat release and smoke emissions to include all exposed large surface areas in the passenger cabin. This would eliminate the need for special conditions that are currently required for seats with nontraditional, large, non-metallic panels.

The following "simplification" question, contained in the six questions that should be addressed, could be interpreted as allowing for elimination of some tests as a means of simplification:

4. Can the flammability requirements be further simplified while maintaining or improving the existing level of safety?

The following report provides the findings of this investigation and the Committee’s justification for recommendations concerning the NBS Smoke Density test requirement for large exposed panels in the passenger cabin.

2.0
PROPOSAL DEFINITION

2.1
CURRENT PROPOSAL

The current rules 14CFR25.853(d) use both the OSU Heat Release & NBS Smoke Density tests to address the post-crash fire scenario.  This testing represents a potential redundancy that could be eliminated if one of the tests could be determined to not provide an added level of safety nor fit the proposed Threat Based approach of the assigned task.  The proposed elimination of the NBS Smoke Density test is discussed in the following sections.

2.2
DEFINITION OF TERMS


2.2.1
NBS Smoke Density Test – A test method used to determine the smoke generation characteristics of airplane passenger cabin materials to demonstrate compliance to 14 CFR 25.853 via use of an ASTM E662 smoke chamber.

2.2.2
Specific Optical Density (Ds) – a dimensionless measure of the amount of smoke produced per unit area by a material when it is burned.  The NBS Smoke Density test conducted per 14 CFR 25.853 measures the maximum value of Ds that occurs during the first 4 minutes of the test.

2.2.3
OSU Heat Release Test – A test method used to determine the heat release rate of airplane passenger cabin materials to demonstrate compliance to 14 CFR 25.853.

2.2.4
Flashover

A condition in which certain gases and other products emitted during the combustion process that are trapped in the upper portions of the cabin reach their auto-ignition temperature and ignite spontaneously. Due to the almost total involvement of the cabin atmosphere, survival after flashover is virtually impossible.

3.0
COMMITTEE ANALYSIS OF PROPOSAL
Documentation exists covering investigations and testing surrounding the topic of the contributions made by the aircraft interior materials in a post-crash event spanning from the mid-1960’s to the late 1980’s when the current rule was implemented.  In addition, the industry as a whole has gained knowledge and experience over the past 3 decades with the testing of materials in both the OSU & NBS test apparatus.  This committee reviewed the materials and industry experience relative to the discussions that related to the post-crash pool fire threat as well as discussions relevant to smoke generated during a fire.  A summary of the pertinent materials reviewed is provided in Appendix A.

Even though a consensus opinion on a straight ”up or down” vote for this proposal was not reached; consensus was reached on the following points.

1) Smoke generated during a fire is a factor in survivability, but the NBS Chamber smoke emission number of Ds200 has not been correlated to an un-survivable condition in a post-crash fuel fire.

2) Current state of the art materials designed for use in aircraft cabin interiors meet both OSU & NBS with very few exceptions; however, there are materials and systems/technologies for creation of new materials that could meet OSU but not the Ds200 requirement of the NBS.

3) Overall cabin safety must be maintained; therefore, assessment should exhibit correlation or lack of correlation to support that removal of the NBS test requirement will not impact survivability of the post-crash fuel fire event.

4) Smoke is a complex topic and the interpretation of historical data is diverse ranging from;

a. The data supports eliminating the NBS Smoke requirement, 
b. The data is insufficient to eliminate the NBS Smoke requirement, and 

c. The data does not fully support completely eliminating the NBS Smoke requirement, but modifications are viable.
The following sections present the Committee’s findings on the topic of elimination of the current NBS Smoke Chamber test requirement from the rule.  The listed statements were reviewed to identify both supporting and non-supporting positions.

3.1

Significance of Existing Smoke Density Test to Overall Cabin Safety 

This information is intended to provide background to help in the analysis of the proposal for eliminating the smoke optical density (NBS) requirement for the future regulation.  By summarizing the information in this format, the goal is to aid in the determination of what the significance is of this requirement to the overall fire safety of the cabin, to understand redundancy with the heat release requirements, and to identify all mitigation aspects which are now state-of-art since the original regulation was released in the mid 1980’s.

1) Smoke optical density requirement lacks correlation to post crash survivability 

	What We Know
	What We Don’t Know
	Summary

	 The 14 CFR 25.853(d) Appendix F required (NBS) test process and Ds 200 value based on available test equipment and state-of-the-art materials respectively when the rule was created. 

The smoke values obtained from NBS smoke chamber do not correlate to full scale test performance conducted by the FAA Tech Center. 

The combustion is more “complete” in the NBS chamber and is impacted by wall effects, stirring, etc. It therefore generates products of combustion that are generally an order of magnitude less than full scale performance. 

Extensive testing would be required to substantiate a direct correlation of performance.

The current requirement provides the only regulated measure of aircraft material smoke characteristics.
	The smoke optical density requirement levels have an unknown correlation to a full scale post-crash fire. 

The relative increase in smoke obscurity levels in the cabin contributed from materials with properties above or below Ds 200 is unknown. 


	Since the smoke value of Ds 200 was not directly established from a full scale relationship, it is not threat based nor is it relative to any direct known full scale performance.


2) Flashover event drives cabin survivability and heat release properties control flashover

	What We Know
	What We Don’t Know
	Summary

	The value of 65/65 was set based on relative radiant heat flux in the full scale testing. Flashover is predominantly influenced by heat release properties of the “large” parts (e.g. sidewall, ceiling, stowbins, etc …) in the upper part of the cabin.  The tendency of materials to emit products of combustion is driven by decomposition due to heat flux and is captured/ constrained by 65/65 testing. 

The FAA maintains that delaying cabin flashover best increases survivability.

Smoke is a contributor to survivability, but most often linked to unsurvivable conditions following flashover.


	 There are no large scale test data with high smoke emission/low heat release materials to confirm that the NBS value is not a predictor.

A material tested in the NBS smoke chamber has never associated a Ds value with a relative change time to flashover. 

Whether other test methods would be better suited to correlating the impact of smoke on cabin survivability.


	Heat release requirement has a direct relationship to full scale threat based performance. 

Without further testing, the correlation of the smoke optical density to this event is not known.

Note: Heat flux calibration and testing (consistent, reliable and within acceptable range) is currently being refined by the FAA and Industry.


3) Proximity lighting addresses evacuation scenario (14 CFR 25.812)

	What We Know
	What We Don’t Know
	Summary

	In parallel to the NBS Ds 200 rule implementation in the 1980’s, floor and cabin proximity lighting was also implemented, positively impacting passenger egress.
	Floor path lighting and low smoke materials both can help to mitigate the survivability risk pre- flashover; however there is no data to show whether these are complimentary or redundant requirements.


	Since ‘smoke’ and ‘floor proximity lighting’ rules were implemented simultaneously without a comparative analysis, it cannot be assumed that the smoke requirement was redundant and/or unnecessary for other than visibility aspects. 


4) Heat release properties generally constrain smoke properties.

	What We Know
	What We Don’t Know
	Summary

	Material heat release properties generally correlate with smoke release properties for most common aviation materials. Controlling materials to 65/65 constrains smoke release properties. Materials with high heat release do not necessarily constrain the smoke release properties.  

While a material that passes heat release may have a higher than Ds 200, a material significantly above Ds 200 generally will not pass 65/65. 

The materials available that pass 65/65 are constrained by design and operational performance and therefore need to be of certain type due to weight, noise, service requirements, solvent resistance, and environmental durability (hot/humid). This significantly limits the different materials that can be introduced going forward. The majority of large interior panels are made from phenolic composite laminate materials which also have low smoke values in NBS chamber.
	It is possible that materials could be designed or developed in the future with higher smoke values while still meeting the heat release requirements. 


	Since the heat release values do constrain the smoke numbers but not necessarily conversely, the heat release property is the predominant of the two. 

Future materials could have somewhat higher smoke numbers and still meet 65/65; However, there has not been a full scale relationship established (see item 1) that suggests this is meaningful to cabin survivability within the limits of materials that will pass 65/65.


5) Cabin survivability is determined by heat and decomposition products mainly from aircraft fuel combustion and large interior panels

	What We Know
	What We Don’t Know
	Summary

	 Accumulation of heat and incomplete products of combustion (mostly CO) in crown are the predominant drivers for survivability in full scale events.  Survivability is directly related to flashover which is dictated by the significant contribution from aircraft fuel smoke, CO accumulation, and heat release rates of large panels (Speitel report). 

Materials installed higher in the cabin become involved quicker and thermal mass of parts controls release rates.

Implementation of burn-through resistant insulation and burn resistant interior panels are effective at limiting the intrusion of fuel gases into the cabin. 


	The less significant contribution of the incomplete products of combustion from “smoke particulates” has not been determined for relative incremental impact. Full scale testing would be required to substantiate a delta difference in full scale performance. Note: as an illustration ‘cold’ theater smoke has no impact on survivability within a room.
	Survivability has limited direct relationship to smoke particulates from interior components prior to the flashover event.  

Implementation of lighter weight composite burn resistant interior materials and recently burn-through resistant insulation or composite structure has further improved full scale performance.


3.2
Duplication of Testing


Review of the preamble and other documents related to the development of the current rule identified that both the OSU & NBS apparatus were instituted as test means to show a material’s compliance to the flammability standards.  The NBS test was initially submitted by Industry as an alternate to the OSU test but ultimately added in addition to OSU in the final rule “…in order to preclude the indiscriminate use of materials which produce excessive smoke…”.


Looking back at the situation during the time of the introduction of smoke testing in 1990, the NBS smoke test was already part of both Boeing and AIRBUS material qualification requirements. Therefore, from the perspective of the two major airframe manufacturers, the statement that the introduction of smoke testing would place no additional burden on the manufacturers was certainly true, since both of them were already conducting the NBS smoke test as part of their internal material qualification requirements.


However, the landscape of the airline industry has changed since 1990. The complexity of aircraft interior parts has significantly increased. Today, interior parts and assemblies in all areas of the aircraft are now made out of more complex shapes and materials than 20 years ago, increasing the number of material constructions that need to be considered for both OSU & NBS compliance. Material constructions have also evolved to meet the new OSU & NBS standards.  A study done by DGA reviewing a large number of test results indicates that 90-95% of all materials being tested for use in aircraft cabin interiors pass both OSU & NBS requirements.  Those that passed OSU but not NBS in this study were mostly leather, foam, or a limited specialty construction.  Committee members concurred that this study mirrors their own lab findings.


Overall, the trend for increased design and material complexity has led to an explosion in the size of flammability substantiation documentation while at the same time industry has developed materials which are consistently found compliant to both standards.  For most common materials used in the construction of aircraft cabins today, inclusion of the NBS test is redundant.  

It can arguably be said that the introduction of NBS smoke testing that back in 1990 placed no additional burden on the manufacturers, today places a burden on the aircraft industry as a whole.  Therefore, it can be concluded that if examined under the changed parameters and premises of today’s aircraft industry, retaining the NBS smoke test today does place additional burden.

Of concern remains how can and should the “indiscriminate use of materials which produce excessive smoke” be controlled without requiring unnecessary, repetitive testing on materials which have been shown to perform compliant.

3.3    Effect of Smoke on Passenger Safety beyond Post-Crash Fuel Fed Fires 

The committee has focused much of the discussion on the role of smoke in post-crash fuel fed fires.  However, smoke can have an impact on safety in any survivable fire scenario where people share a confined space with by-products of combustion.  The following speaks to smoke during the early stages of a cabin fire:

A Study of Air Transport Passenger Cabin Fires and Materials - Technical Report - 1965

The current regulations address In Flight fires in the cabin via rate of burn requirements.  This is based on the proximity of personnel and equipment available to fight the fire being able to prevent the fire from growing to the stage where a flashover event could occur. Although the relationship of smoke on cabin survivability during an in-flight fire scenario is unknown, the current material requirements related to smoke may provide an added margin of safety for the in-flight fire scenario as well.  
3.4    Other Non-Aircraft Industry Requirements

Many rail transportation regulations in the US and globally use some form of smoke density testing in conjunction with heat release tests.  Specifically, U.S. train regulations use essentially the same tests as aircraft (ASTM E662) to regulate smoke, while using ASTM E162 to regulate heat release and flame travel.  The new "harmonized" European rail regulations use a version of the aircraft smoke test (they vary sample orientation and incident heat flux) along with the IEC version of the Cone Calorimeter to regulate heat release.  It is also common within building and construction regulations to find smoke requirements used in conjunction with flame travel or heat release, or both flame travel and heat release.  While other industry approaches can provide good technical information, it is critical to understand that specific industry fire scenarios will result in specific requirements being defined, and may not be directly applicable to aerospace scenarios. 
4.0
SUMMARY & RECOMMENDATION
After full review and consideration of all the documentation and positions presented, this committee was not able to reach consensus what the elimination of the current NBS Smoke Density test requirement would have on cabin safety.  

The Committee does, however, believe that:

The current NBS Ds value of 200 has no data to show correlation to the full scale test and flashover from which the regulation was derived 

The current NBS test does add a regulated control on smoke emissions from materials and prevents use of higher smoke emitting materials from being introduced for use.  However, data isn't available that would indicate higher smoking (greater than Ds 200) materials that meet heat release would impact survivability


The NBS Smoke Density test is redundant to the OSU for current state of the art materials that have been developed to fulfill both requirements: 90-95% of those materials pass both requirements routinely.  Largely the materials that can be problematic are soft goods (leather, synthetic leather, wall-mounted textiles, and some stand-alone thermoplastics)
 


Based on all this analysis, the Committee offers the following recommendations related to the proposal to eliminate / significantly reduce the NBS smoke testing requirement from the new rule.  Both recommendations require additional research and analysis:



If NBS is removed, the regulations need to ensure that removal of the NBS will not result in a reduction in post-crash survivability.   Need to determine the potential of materials that would negatively impact survivability through excessive smoke production.   

This may drive additional research (existing data mining and/or new full-scale tests) in order to understand if excess smoke becomes a survivability (excessive) issue.  Several studies could be helpful- e.g.: involving a/ current state-of–the-art materials that pass both and b/ materials that pass HR but largely fail smoke.  A thorough literature survey and potential additional research will help determine if there is a correlation between cabin flashover and smoke levels or if HR values will adequately control the post-crash scenario, thus confirming that the smoke requirement is redundant.

If NBS is retained, then some effort should be made to reduce the burden of testing to account for the fact most materials meeting heat release also meet NBS.  

A means to achieve this might be to eliminate the specific Ds 200 requirement and replace it with a general smoke requirement associated with heat release affected parts.  Then in AC material provide guidance for what needs to be tested and to what requirement (presumably Ds 200 would still apply but could have other considerations for location...).  Such AC guidance could target the 5-10% problematic materials and identify standardized tests to qualify them for use on all substrates. The AC material could also grandfather current state-of-the-art substrates with decorative laminates or paints.  The AC could also give guidance to qualify different colors of textiles that have been previously tested for smoke.   Further tasking could be given to a group similar to the industry Flammability Standardization Task Group.


5.0
ABBREVIATIONS

FAA

=
Federal Aviation Administration

MOC

=
Methods of Compliance

CFR

=
Code of Federal Regulations

NBS

=
National Bureau of Standards

OSU

=
Ohio State University

BB

=
Bunsen Burner


CO

=
Carbon Monoxide
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APPENDIX A

Committee Summaries of Literature 

& Documentation Reviewed 
Full Scale Testing Reports & Video


Among the tests conducted at the Technical Center were full-scale fire tests using the fuselage of a military C-133, configured to represent a wide-body jet transport airplane. The test conditions simulated typical post-crash, external fuel-fed fires. Among other aspects of cabin fires, the phenomenon known as "flashover" was investigated. Video from one of these tests was reviewed by the committee in order to gain a clear understanding of threat being addressed by the current 25.853(d) rule.  The following is a summary of the committee members’ observations.

DVD Review:  FAA full scale test dated 7/30/1987 (heat release non-compliant)

The following review is based on an FAA full scale fire test (post-crash fuel fire) using an interior arrangement not certified to meet pending OSU/smoke requirements.  A pan fuel fire was established in front of a fuselage door opening.

Observation of event in terms of time of ignition-

18 sec- Edge of seat nearest door opening ignites.

32 sec- smoke begins to off gas from adjoining seat

1:24- Most of seat one next to the door is consumed by flames.  Light smoke layer begins to travel along ceiling down the fuselage.

1:50- Adjoining seat ignites and door header sustains flame.  Thicker layer of smoke begins traveling along ceiling down the fuselage.

2:10- Seat 2 fully engulfed.  Smoke layer lowering to bag rack level.

2:40- Smoke layer lowering, but tops of the viewable seats clearly visible (7-8 rows in view of camera).

2:50- Ceiling above door ignites.  Thick black smoke begins to obscure bag racks on fire side of aircraft.  Tops of seats still clearly visible.

3:00- burning ceiling pieces begin to fall near door.

3:08- large ceiling pieces falling to floor.  Smoke layer dropping quickly.  Flashover beginning.

3:26- All seats in view now obscured by smoke.

3:30- Black Out.

Post Extinguish Observations

Note that only a very small area near the door burned to create a non-survivable condition.

Testing Reports Review:

Numerous laboratory tests were also conducted to correlate possible material qualification test methods with the full-scale tests. As a result of these tests, the Ohio State University (OSU) rate of heat release apparatus standardized by the American Society of Testing and Materials (ASTM), ASTM-E-906, as modified with an oxygen analyzer for heat release measurement, was determined to be the most suitable for material qualification. This is a test method employing radiant heat, as recommended by the SAFER Advisory Committee. The feasibility of this test method and the proposed standards was then verified by testing a number of representative materials. The overall approach is outlined in Report No. FAA-ED-18-7 Engineering and Development, Program Plan, Aircraft Cabin Fire Safety, dated June 1980, revised February 1983.
Preamble Summaries From 14 CFR Part 25 AMD 25-66:


Following completion of Amendments 25-61 and 121-189, but prior to their publication in the Federal Register, the ATA and AIA (Industry) jointly petitioned for further rulemaking in which the standards contained in Amendments 25-61 and 121-189 would be replaced by alternate test criteria and standards which they proposed.


The following excerpts from the preamble describe, in essence, the Industry proposal, Commentor opinions & FAA position relative to the addition of the NBS Smoke Chamber test:


The petitioners' (Industry) proposal is based on the premise that the standards of Amendments 25-61 and 121-189 preclude the use of certain "desirable" materials because their peak and 2-minute heat release values exceed 65 kilowatts per square meter and 65 kilowatts-minutes per square meter, respectively. Raising these standards to 100 kilowatts per square meter and 100 kilowatt-minutes per square meter would allow these materials to pass insofar as testing with the OSU apparatus is concerned. In order to preclude the use of "undesirable" materials that have heat release values less than 100 kilowatts per square meter and 100 kilowatt-minutes per square meter, a smoke test would also be required. According to the petitioners, "undesirable" materials in this heat release range have excessive Smoke release characteristics.


Although not currently required by regulation, the petitioner (Industry) states that the NBS smoke chamber is already in use by domestic and European airplane manufacturers as part of their materials acceptance procedures.


The FAA’s position on this proposal was based on the full-scale test and other testing, in which the critical factor in survivability is the time afforded for egress before flashover occurs. The release of large quantities of heated gases, which eventually result in flashover, is not relative to the amount of smoke released. The correlation of the amount of heat released by materials to the time of flashover and, in turn, to the time in which survival is possible is based on scientific testing and analyses conducted by the FAA and others.   As noted, testing with the modified OSU test apparatus was found to be the most suitable means of assuring that prospective interior materials meet acceptable standards for flammability. 


The full-scale fire tests demonstrated a correlation between flammability and smoke emission characteristics in the materials tested.  Material flammability, as represented by an increase in air temperature, was also reflected in increased smoke emission in a growing fire environment. Because of this correlation between flammability and smoke emissions, and the fact that fire growth is a more significant survivability factor than smoke alone, it is not considered necessary to establish a separate test method and standards for measuring smoke emission characteristics.


Some commenters do, however, believe that standards for smoke emission should be established in addition to the recently adopted flammability standards. Although smoke testing has not been shown to be of any value as a substitute for appropriate flammability standards, they believe that it should be conducted to minimize any direct hazards due to smoke, such as obscuration of escape routes, etc. 

FAA Final Position that Led to Current Rule:


In light of the comments received and because it would place no additional burden on the manufacturers, Sec. 25.853(a) and Appendix F are amended to require smoke testing in order to preclude the indiscriminate use of materials which produce excessive smoke, since suitable alternative materials are available. 

SAFER paper from 1980 Improved Flammability Standards for Materials Used in the Interiors of Transport Category Airplane Cabins


A review of this document identified the following information as relevant to the topic of smoke as it relates to passenger survivability.  


The Special Aviation Fire and Explosion Reduction (SAFER) Advisory Committee was directed to "examine the factors affecting the ability of the aircraft cabin occupant to survive in the post-crash environment and the range of solutions available." The Committee recommended that further research and development be undertaken in regard to cabin materials, and that a test method using radiant heat for screening cabin materials be evaluated and implemented as soon as available. The FAA concurred with these recommendations and initiated the necessary research and development.

The report also stated that “Aircraft accident records indicate that present regulations and voluntary upgrading have improved interior materials.  This leads to two conclusions.  First, current burn and smoke test methods provide the designer with a reasonable guideline for the selection of materials.  A major difficulty lies in trying to judge the effectiveness of a particular candidate improvement relative to the overall safety of the aircraft.”

Study of Air Transport Passenger Cabin Fires and Materials 1965

The following finding from this study was identified as relevant to the topic of smoke generated from burning materials in an airplane passenger cabin fire:

[image: image1.wmf]
Hazards of Combustion Products Conference, Nov 10 – 11, 2008

Summary of Conference Papers by Daniel B. Slaton, Technical Fellow, Boeing 

The Hazards of Combustion Products Conference was held on November 10 -11, 2008 in London, UK.  This conference provided information on state-of-the-art smoke and toxicity testing and development of fire safety assessments. The topics included historical perspectives on toxicity, smoke, and heat release test methods, physiological effects of combustion products, large scale testing correlation, and fire modeling approaches.  Industrial sector presentations included building construction, railway, maritime, and aerospace.  A summary of key papers is provided below. 

Overall, the reports covered common themes and identify common technical issues when utilizing toxicity and smoke values in fire safety assessments. The issues discussed can be summarized as follows: 

1) Fire conditions in a full scale configuration are difficult to correlate to lab and bench scale testing due to the real time fire dynamics influenced by configuration, ventilation, interaction of materials, variable materials, and variable quantity of materials found in full scale configurations.

2) Reaching flashover in a full scale configuration is the significant hazard. Managing material properties that will delay the flashover event and consequently reduce the significant combustion product hazard that generates CO and other toxic products will reduce the overall fire hazard. Controlling the more predictable and well known material fire properties such as heat release/burning rate and flame spread have been shown to provide good control of the fire safety hazard.  

3) Lab scale toxicity and smoke testing evaluates a material under a single fire condition.  Correlation of lab scale results to a full scale fire scenario is generally not particularly reliable.  Due to the lack of post fire analysis of humans, there is little evidence from actual fire deaths that can be used to assess published toxic gas levels and toxicity values of materials.  

The full papers are available from the Interscience Communications group at this website:  http://www.intercomm.dial.pipex.com/html/publications/toxtoc.htm
Summary of Conference Papers 

1. Standardization Philosophy For The Effects Of Combustion Products On Human Tenability - Richard Gann, NIST, USA
This paper provided a good overview of fire hazard assessment and the role of fire effluent (toxic gas, smoke, heat release).  The primary focus was on commercial buildings, but the fundamental concepts apply to any full scale fire scenario.  The ability of people to survive a fire depends on a large number of factors.  The severity of any fire is first determined by fundamental factors including the combustible mass present, burning rate of the combustibles, mechanism and rate of flame spread/fire growth, air supply for the fire, and yields of toxic gases as a function of time.  In addition, survivability in a fire is related to the design of the building or structure, escape routes and fire detection.  Finally, there are human factors such as proximity to the fire, mobility, reaction and susceptibility to the fire and toxic effects.  This paper illustrated that although much has been done in the field of toxicity assessment, there is much to be done in order to provide accurate measures and correlation to full scale tests.  Full scale testing is not only expensive and difficult to run, but involves more complex fire dynamics such as ventilation and material interactions which have been shown difficult to replicate in bench and lab-scale test methods.  In summary, further correlation testing to full scale results is necessary to fully understand whether control of the potency of fire effluences using lab scale tests is appropriate to predict toxic hazard levels in a real full scale scenario.  

2. Smoke Toxicity Test Development and Use: Historical Perspectives Relevant to Today's Issues - Gordon Hartzell, Secretary ISO TC92, SC3, USA
An historical perspective of the combustion toxicity issues in the United States for the building construction industry is provided in this paper.  It describes the early days of fire incidents and the concern of toxic effects that was being demonstrated on lab animals.  These concerns generated efforts to develop a variety of animal and material test methods, as well as fire models to predict the effect in full scale configurations.  Studies in the late 1980’s indicated that the toxicity of smoke would most often be determined by the fire ventilation conditions and levels of CO generated.  Since lab scale tests could not duplicate the under-ventilated conditions of flashover (high levels of CO), results and predictions in the full scale were not consistent.  The toxicity of smoke would be most often determined by the fire ventilation rather than the specific products being burned.  In summary, smoke toxicity and combustion products produced by specific materials, is far less significant than the conditions of the fire dynamics including rate of fire growth (heat release and flame spread), fire ventilation, and the potential for flashover.  Prescriptive laboratory testing requirements for specific materials/products is usually not a viable means to obtain useful insight about fire safety performance in full scale scenarios.

3. Fire Gases And Their Chemical Measurement - Yannick Le Tallec, CTICM, Eric Guillaume, LNE, France
This paper discussed current chemical analysis methods and their limitations.  An initial discussion was provided on the four fire stages (smoldering, flaming, small vitiated, and fully developed), which is a key aspect when determining how to apply lab test data.  Test methods and critical parameters were described that determine the level of repeatability and reproducibility.  These items include sample preparation method, quality and performance of filters and pumps, and limits of detection and sensitivity of the test apparatus.  In summary, the testing of toxic fire effluents must be sufficiently reliable in order to have confidence when making fire safety decisions. The correct fire effluent representative of the real fire scenario must be considered to be meaningful for predicting full scale performance.

4. Fire Models Used In Toxicity Testing - Eric Guillaume, LNE, France
Various fire models were described along with limitations.  Scaling effects from a bench scale test to a full scale configuration are critical and it is essential that the bench scale test represents the fire conditions of the real-scale fire.  The concentration of combustion products is time dependant and dispersion rates throughout the volume are two key variables that define the hazard level. The complexity of a full scale configuration that generally has many different types and amounts of materials often limits the ability to successfully evaluate the same materials in a bench-scale test and obtain meaningful results that correlate consistently.  Improving the accuracy and repeatability of bench-scale tests that can demonstrate correlation to full scale tests is necessary for developing proper fire safety assessments.

5. Scaling of Toxic Gas Data - Per Blomqvist , SP Sweden
This presentation provided an overview of scaling approaches and discussed limitations of bench-scale test methods.  Several comparisons were made between bench-scale and full scale test results.  In summary, it is necessary to develop realistic, validated scaling principles to make small scale test data applicable to full-scale predictions.  It is important to adequately replicate real-fire scenario conditions in bench-scale tests which including 1) ventilation, 2) thermal environment, and 3) test sample composition.  All current bench-scale test methods have various limitations representing the complex fire dynamics found in full scale fire testing.

6. Transport And Decay Of Combustion Products In Fires - Marcelo Hirschler, GBH International, and M Galloway, Consultant, USA
In all full scale fire events the toxic hazard level is related to the rate/quantity of toxic gases released as well as the movement of the toxic gases throughout the structure.  This paper summarizes full scale data obtained on PVC material and describes the transport and decay results for HCL.  Similar behavior of the other acid gases (HF, HBr) is presumed.  The comparison of data from small, bench, and full scale tests indicates different levels of HCl being detected.  In the full scale, detection was monitored at various distances from the fire source.  Data from the full scale found agglomeration of particles and attachment to the walls of the enclosure which reduces the amount of HCl that is transported away from the fire source.  Models were developed to account for this transport and decay mechanism.  In summary, the concentrations of HCl that occur in fires in real buildings are much smaller than predicted from the chlorine content of the material.  The relative toxic importance of HCl (and the other acid gases) as compared to CO, decreases as the smoke layer moves away from the fire source.  Since the smoke toxicity of materials is within a fairly narrow margin, CO is the overwhelming important toxicant in fires, especially for those that go to flashover.

7. Physiological Effects of Combustion Products - David Purser, Consultant, UK
Toxic smoke and gases produce a variety of physiological effects in animals/humans. The immediate effects during a fire include impaired vision due to smoke, breathing difficulties and irritation to the eyes and respiratory tracts which can lead to confusion and loss of consciousness.  Since fire hazards are time-based phenomena, occupants need sufficient time to escape before conditions deteriorate to an extent that prevents evacuation.  To utilize toxicity measures in fire safety hazard analysis, the time-concentration of the toxic products, heat release, and smoke need to be understood for the full-scale scenario being analyzed.  When using fire dynamic computational methods, there are two major problems in using toxicity data from small scale test methods; 1) Lab scale test methods generally only represent a single combustion condition, 2) An overall toxicity value of a material based on lab scale test results has little meaning due to the full-scale hazard dynamics and the time-based nature of the fire atmosphere and the production of toxic products.  Across most industries today, toxic hazards are controlled indirectly by regulating and testing material properties such as ignitability, heat release rate, and flame-spread and this approach is working reasonably well.  In summary, the author believes that even with the complexities of toxicity testing and application, fire modeling and standardized testing could be developed to more realistically evaluate end-use performance.

8. Quantifying The Combustion Product Hazard On The Basis Of Test Results

Vytenis Babrauskas, FSTI, USA

This presentation outlined a proposed approach for improving fire hazard assessment by focusing on improving and regulating heat release rather than toxicity limits.  The use of the toxicity variable “LC50” to control material use is technically unsound as it does not take into account the amount of toxic gases that can be released from the product being evaluated.  Toxic gases in small amounts can be tolerated and conversely large quantities of a material with a low toxic value can be hazardous.  Data is analyzed to show that full scale fire performance can be adequately described by using full scale heat release rate as the primary variable.  Contribution of the toxic value (LC50) of materials can be disregarded.  Material development focusing on lowering heat release rather than lowering the toxic potency will be more easily achievable and beneficial from an overall fire safety perspective.  Literature values for ranges of heat release and LC50 values over a wide range of materials illustrates a 100:1 versus 3:1 range respectively.  Development of new fire resistant materials can obviously make greater strides striving to reduce heat release than lab scale toxicity values. The author examined several past sets of data correlating bench scale and large scale test results. The results indicated qualitatively that the primary hazard indicator is events that reach flashover which correlates with heat release rates, while the LC50 values of materials/products used in this testing did not correlate to the fire safety hazard ranking.  In summary, since the full scale combustion product hazard is closely linked to heat release properties, controlling toxicity values on the material level does not provide an accurate fire hazard assessment.  Using toxic levels of materials is even less representative due to the relative bulk quantities of materials used in a full scale configuration.  Certain simple large scale test methods (room corner test) have demonstrated some correlation for basic materials, but this cannot be used to quantify the hazard in larger more complex configurations.  Bench scale tests defining a toxic level for a material (i.e. LC50) do not have a useful role in product hazard regulation.  

9. Animal Inhalation Studies - What do they tell us? - Jürgen Pauluhn, Bayer Healthcare AG, Germany
This paper reviews physiological toxicity evaluation approaches.  Interactions between the toxic products in a combustion effluent are discussed.  Animal testing is reviewed and the limitations of animal-free testing and development of mathematical models is discussed. The paper also describes methods used to evaluate toxicity hazards via in vitro exposure of cells and tissues.  The author summarizes that understanding the “fire stage” is an important part of selecting critical requirements for toxicity testing. Determining if these requirements have provided a measure of the real health concern can only be addressed by comparing the analytical results with actual animal testing.

10. Use of Combustion Effluent Data in Tenability Assessments - Richard Gann, NIST
In this paper, the author describes an approach to fire hazard assessment that involves visible smoke, airborne toxicants, and heat release and discusses the implications of this methodology for characterizing fire performance in structure and/or products.  The approach described is complex but starts with a fundamental understanding of the fire scenarios involved for the structure being assessed.  The approach then takes into account both active and passive fire detection and suppression methodologies.  In addition the fundamental material properties of heat release, toxic gas and smoke need to be integrated into the fire hazard assessment model.  It is acknowledged that precise toxicity measurements on materials is not likely to correlate directly to real fire scenarios and there is broad uncertainty in the toxicity values on the incapacitation for humans.  The author did suggest that products that have a low mass content are never a significant toxic fire hazard.  

11. Smoke Scaling And Modeling Studies - Anne Steen Hansen, SINTEF, Norway
This paper describes the development of mathematical models for prediction of optical smoke production in large scale fire tests.  Part of a successful smoke model depends on having accurate heat release rate information for the large scale scenario being analyzed.  Case studies were analyzed via the model with varying degrees of success.  The different ventilation conditions in various full scale tests were presented as the probable cause for inconsistent results between the actual tests and the model predictions. The author also described limited repeatability when developing fire models by taking the results of full scale test results as the “true answer.”  Other limitations of the model include the complex configuration and arrangement of materials/products in the full scale and the difficulty of modeling fire behavior of materials with various fire retardant additives.  In summary, modeling is valuable and should be further developed to supplement prescriptive material test method.  

12. Measuring And Predicting Burning Rate - Marc Janssens, SwRI, USA
This paper discusses the techniques for measuring the burning rate of materials and reviews case studies on some simple large scale tests that can be predicted with some accuracy.   The burning rate of materials has a direct relationship on the type and quantity of combustion products.  The author initially states that the preferred approach to assess the fire hazard of products and materials involves 1) determining the generation rate of heat, smoke and toxic products in a compartment, 2) calculate the transport rates and mechanisms of combustion products, and 3) evaluate the effect of combustion products on occupants.  The third item, determining the combustion product effects on incapacitation/lethality on the occupants has a much higher uncertainty in fire hazard assessment than items one and two.  For simple cases in the building construction industry, correlation between small scale and large scale tests has been shown.  Since the fire hazard of materials and products is primarily determined by their burning rate, the author suggests utilization of heat release data as an initial means for predicting performance, but acknowledges that confidence in predictions falls off with complexity of the full scale configuration. Using basic material properties such as heat release rates and coupling this with computer models such as FDS (Fire Dynamic Simulation; NIST) shows promise for effective fire hazard assessment.

13. Railways – Requirements for European Railways; Limits for Products of Combustion - Gary Duggan, Limited Fire Hazard Materials, UK
Within the last few years, the European Union has established technical specifications for performing smoke/toxicity testing methods for railway materials and products.  These standards are currently being negotiated within the EU on whether to make regulations. The proposed test method CEN TS45545-2 involves a closed smoke chamber (similar to the FAA NBS smoke chamber) and is constructed to monitor the combustion gases using FTIR.  The technical spec requirements define three different Hazard Levels for different railway operating environments (surface, tunnels, mines etc…).  Reference levels for CO, CO2, HF, HCl, HBr, HCN, NOx, and SO2 are defined. Then for each Hazard Level, materials and/or products have a requirement of a weighted summation to arrive at an Index of Toxicity (CIT).   

14. Aircraft – Overview of FAA Toxicity Testing - Dick Hill, FAA, USA
Dick Hill of the FAA Technical Center presented an overview of the FAA Toxicity Fire Model which was released in 1995 by Louise Spietel (DOT/FAA/AR-95/5).  The overall goal was to maximize escape time in a post crash fire.  The toxicity fire model developed by the FAA was based on a literature search of toxicity data on animals and humans, and regression equations were selected for each toxic gas that were judged to best match a 5 minute exposure time for humans.  The model was then compared to results of prior full scale pan fire tests the FAA had conducted.  Dick Hill stated that the FAA controls toxicity indirectly by requiring materials be used for cabin furnishings that have  low heat and smoke release rates, which allows passengers to evacuate from a post-crash fire scenario within 5 minutes.  The flashover event is the condition which creates the significant hazard.  A review and summary of the development of the steel box test for fuselage/insulation materials was reviewed along with full scale results on insulation materials. 

15. Heat Release and Smoke Test Methods - Vytenis Babrauskas, FSTI, USA Stephen Grayson, Interscience Communications, UK
An historical overview of test methods for measuring heat release and smoke was described.  Not until the late 1950’s was there a method to specifically measuring heat release rate of materials.  It was not until the 1980’s when oxygen calorimetry became available and heat release rates in a full scale configuration could be measured. 

16. Smoke Production Properties And Measurement - Richard Whiteley, Consultant, UK
Smoke consists of gases and particulate matter and is usually measured in terms of mass and particle size distribution. The visible nature of smoke and the reduction in visibility is a key aspect of fire safety hazard.  A discussion on smoke production and measurement was provided.
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