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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for 
release only by permission of Forintek. This distribution does not
constitute publication. The report is not to be copied for, or circulated 
to, persons or parties other than those agreed to by Forintek. Also, this 
report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its 
behalf, make any warranty, express or implied, or assume any legal
responsibility or liability for the completeness of any information,
apparatus, product or process disclosed, or represent that the use of the 
disclosed information would not infringe upon privately owned rights. Any 
reference in this report to any specific commercial product, process or
service by tradename, trademark, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek or any of its 
members.
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1 . 0  OBJECTIVES

To evaluate smoke generation by wood building materials and the applicability 
of these measurements to actual fire situations. *
To create a data base of information about smoke generation by wood building 
materials in fire and to evaluate predictive models for smoke growth in 
buildings constructed from wood.

To coordinate these activities with those underway at Forintek to evaluate 
the rate of heat release by building materials, fire endurance of wood 
assemblies, and with the Forest Products Laboratory, Madison, WI., and other 
research organizations in North America, Europe and Japan.

1.1 1989/90 OBJECTIVES

Begin comparison of smoke generation measurements using the ASTM E-662 
modified smoke chamber, with those generated using ASTM P190 cone- 
calorimeter, and ASTM E-906 rate of heat release apparatus.

Promote Forintek's fire research program by submitting a scientific paper for 
publication.

Continue cooperation with and support of researchers and research 
organizations worldwide involved with the wood industry's overall effort to 
reduce fire related fatalities and property losses.

2.0 BACKGROOND

In any fire, the generation of heat, smoke toxic and/or irritant gases may 
create hazardous conditions within a building. Eighty percent of all fire 
deaths result from inhalation of smoke and toxic gases and nearly two-thirds 
occur away from the room of fire origin (Babrauskas, Levin, and Gann, 1987) . 
It is for these reasons that smoke growth and transport models are becoming 
increasingly important in predicting overall fire development within the room 
of fire origin and throughout an entire building.

In recent months, there has been a revival of a modified ASTM E-662 smoke 
chamber. Modifications similar to those made to the E-662 chamber at 
Forintek have been reported by Briggs in the U.K., and by Eichhom in the 
U.S.A. These modifications attempt to correct deficiencies in the original 
test method and permit horizontal evaluation of smoke generation by synthetic 
polymers used in the manufacture of carpets and wire insulation. 
Standardization of these modifications will substantially improve the 
quantification and prediction of smoke generation by all materials.
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3 . 0  PROPOSED APPROACH

Measurement of generation of smoke by Douglas fir plywood and red oak 
flooring using the modified ASTM E-662 smoke chamber, ASTM* P-190 cone- 
calorimeter, and ASTM E-906 rate of heat release apparatus are being compared 
statistically.

All modifications made to the Forintek smoke chamber will be reflected in the 
revision to ASTM E-662 Standard Test Method for Specific Optical Density of 
Smoke Generated by Solid Materials, which will be submitted to ASTM committee 
E05.

To ensure technology transfer and to promote Forintek's fire research 
program, submit for publication in Fire Science, a paper describing 
Forintek's modifications to the E-662 smoke chamber and comparing the smoke 
generation data obtained with the modified chamber, ASTM P-190 cone 
calorimeter and ASTM E-906 rate of heat release apparatus.

To assure coordination of this project with the overall fire research efforts 
of the North American wood products industry, Comelissen will attend the 
annual meeting of the North American Wood Products Fire Research Consortium 
(NAWPFRC), Washington D.C., in August 1989.

To maintain an awareness of state-of-the-art techniques and new advances in 
the field, Comelissen will attend appropriate sessions of the International 
Fire Protection Engineering Institute Conference (IFPEI-V), in Ottawa and 
International Conference of Fire in Buildings, in Toronto.

To continue cooperation with Forintek scientists studying rate of heat 
release and fire endurance/heat transfer models.

4.0 PROGRESS IN 1989/90

4.1 In view of two research projects in the fire research department nearing 
completion, it was necessary to review the goals and objectives of the fire 
research department's program of work. Following the establishment of the 
existing research plan, a number of new issues relevant to the wood industry 
arose. Therefore it became necessary to evaluate the goals and focus of this 
department's research. Under NAWPFRC direction, which performs the role of 
coordinating non-proprietary fire research for the North American wood 
products industry, issues of concern were identified and prioritized
responses proposed. The minutes of this meeting are attached in Appendix I. 
Forintek's research efforts focus on some of these key fire issues, which has 
resulted in the development of both short and long term strategies.
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4.2 The most widely used standard to measure smoke generation by materials, 
ASTM E-662, is filled with so many caveats and warnings that the results 
obtained by this method are rendered insignificant. In addition to these 
caveats, there are also a number of deficiencies associated with the use of 
this smoke chamber and the accompanying standard. One of the most important 
problems associated with this chamber is that the results misrepresent the 
smoke found in real fires. An example of this is the effect of sample 
orientation. When samples that melt or drip are exposed vertically in the 
chamber, the molten portions of the material escape the effect of the radiant 
heat. This means that some of the material does not b u m  during the test. 
Use of horizontal orientations would result in the burning of the entire 
sample and yield a more realistic result. Another example is the deficiency 
of planar heater presently being used. This heater does not permit uniform 
radiation over the entire sample surface and cannot provide an incident flux 
level greater than 25 kW/m2. Furthermore, the gas pilot flame used in the 
flamiing mode adds a localized source of heat upon the specimen surface. In 
addition to the above deficiencies, the units used to express the final 
results are in terms of one final number that is not time dependant and 
cannot be easily interpreted. The final major deficiency is that there is no 
means of weighing the sample during test exposure.

It was for these reasons that the Forintek chamber was modified. Because 
standardization of test methods leads to improved reproducibility between 
operators and testing laboratories, it is imperative to describe all 
modifications which improve fire performance test methods. All modifications 
made to the Forintek smoke chamber are reflected in a proposed revision to 
ASTM E-662 Standard Test Method for Specific Optical Density of Smoke 
Generated by Solid Materials (Appendix II) . This revision to the standard 
has been submitted to ASTM committee E05.

To relate smoke generation data obtained using the modified chamber to other 
fire performance test methods, tests to measure smoke generation by building 
materials using the ASTM P-190 cone calorimeter, and the ASTM E-906 rate of 
heat release apparatus, and the modified smoke chamber were completed. An 
in-depth statistical analysis of data obtained from these three methods is in 
progress. The complete results will be reported in a combination of 
scientific papers and conference presentations which are presently being 
written.

A comparison of smoke generation by Douglas fir plywood using the modified 
smoke chamber, P-190 cone calorimeter and E-906 rate of heat release 
apparatus will be made in this progress report.

Measurements of smoke generation using the modified smoke chamber are 
performed at three radiant flux levels of 25 kW/m2, 35 kW/m2 and 40 kW/m2, at 
time intervals of 5, 10, 15 and 20 minutes, in both vertical and horizontal 
orientations without pilot ignition of the specimen. Measurements of smoke
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generation using the P-190 cone calorimeter are obtained at heat flux levels 
of 35 kW/m2 and 50 kW/m2, in both vertical and horizontal orientations with 
pilot ignition of the combustion gases evolving from the specimen. 
Measurements of smoke generation employing the E-906 rate of heat release 
apparatus are procured at a heat flux level of 43 kW/m2 * in vertical 
orientation with pilot ignition of the specimen.

In order to relate the generation of smoke by Douglas fir plywood using the 
three test methods, the data had to be converted into similar output units. 
The most useful unit to report smoke obscuration was area "consumed" per 
kilogram of smoke produced (Babrauskas, 1981). This calculation is referred 
to as specific extinction area (am) and takes into consideration the 
reduction of light transmittance, length of the light path over which the 
transmittance is measured, sample mass loss, length of exposure, and the 
volume in which the smoke accumulates or is measured. It is calculated using 
the following formulas:

a) k = 1 In ( 100 )
L ( T )

*>) % = £ K v< At,rrij -  irip
where: L is the length of the light path (m)

T is the percent transmittance 
k is the smoke extinction coefficient (mf1) 
V  is the volume flow rate (m3/s)
At is the time (s)
rrij is the initial specimen mass (kg)
r̂. is the final specimen mass at time t (kg)

Data generated using the E-906 apparatus could not be compared to that 
produced using either the cone calorimeter or the modified smoke chamber. 
This was due to a number of reasons, the primary reason being that the E-906 
apparatus does not provide for mass loss measurement. Therefore specific 
extinction area calculations based upon light transmission and sample weight 
loss could not be predicted. Another factor was the volume of air flowing 
through the exhaust stack at the point where percent light transmission is 
measured. Due to the required air flow necessary to operate the E-906 
instrument, the opacity of smoke is decreased, resulting in an increase of 
light transmission. This in turn produced erroneous results.

Generally, measurements of smoke generation by Douglas fir plywood using 
either the P-190 test method in vertical or horizontal orientations or the 
modified smoke chamber produced similar results. As seen in Figures 1 and 2, 
and with the exception of several stray points, specific extinction area 
values follow similar trends. Statistical calculations revealed that the 
trends are best described using geometric expressions (Table 1).
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DOUGLAS FIR PLYWOOD 
CONE-HORIZONTAL AND VERTICAL

1. vertical 35 kw/m2
2. horizontal 50 kW/m2
3. horizontal 35 kw/m2

DOUGLAS FIR PLYWOOD 
SMOKE CHAMBER-HORIZONTAL AND VERTICAL

T IE  (M UTES)
Figure 2

1. horizontal 40 kW/m2
2. horizontal 35 kW/m2
3. vertical 35 kW/irt2
4. vertical 40 kW/m2
5. vertical 25 kW/m2
6. horizontal 25 kW/m2



TABLE 1
STATISTICAL SLOPES

TEST
METHOD

HEAT
FLUX

ORIENTATION SLOPE
_________ fc______

CORRELATION
COEFFICIENT

P-190 35 kW/m2 H -1.339 .99
50 kW/m2 H -2.809 .97

P-190 35 kW/m2 V -2.608 .89
E-662 25 kW/m2 V -0.676 .98

35 kW/m2 V -0.527 .95
40 kW/m2 V -0.404 .96

E-662 25 kW/m2 H 0.202 .31
35 kW/m2 H -0.697 .98
40 kW/m2 H -0.499 .78

Several problems with the load cell in the smoke chamber were discovered 
after testing at 25 kW/m2 with specimens mounted in the horizontal 
orientation. This accounts for the discrepancy in the slope of that line. 
Correcting for the error in the load cell, a slope of -0.897 with a 
correlation coefficient of 0.91 was obtained.

Preliminary analysis indicates that specific extinction area values obtained 
using the modified smoke chamber are approximately equal to one half the 
value obtained using the P-190 cone calorimeter when specified time intervals 
are considered. In a practical sense this means that the amount of surface 
area of material required to produce one kilogram of smoke using the modified 
smoke chamber is half of the surface area required to produce the same amount 
of smoke using the P-190 cone calorimeter (Table 2).

TAREE 2
SPECIFIC EXTINCTION AREA

Method Heat Flux Orientation Time Specific extinction area

P-190 35 kW/m2 V 5 1966.31
E-662 35 kW/m2 V 5 881.80
P-190 35 kW/m2 H 5 1670.25
E-662 35 kW/m2 H 5 725.89
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In the cone calorimeter, smoke is determined by measuring the optical density 
of the combustion products as they are drawn through a circular duct and 
integrating the results over the duration of the test. This type of 
measurement is normally referred to as a dynamic measurement. In the smoke 
chamber the optical density of the smoke is measured as it accumulates within 
the test chamber. This type of measurement is normally referred to as a 
static measurement. A  question that needs to be addressed is which type of 
smoke measurement is more applicable to full-scale prediction.

There are two distinct types of dynamic measurements: measurements made at
the base of the fire plume where the smoke is concentrated and hot, and one 
must assume that the velocity, temperature and concentration are constant 
across the section of the plume at which the measurements are taken; and 
measurements made of the smoke stream in an exit duct, in which case the fire 
gases are cooled by entrained air and homogeneity of temperature and 
concentration are ensured. The dynamic smoke measurements made in the cone 
calorimeter are of the second type. In a study carried out by Atkinson and 
Drysdale (1989) for the Home Office Fire Department in England, it was 
discovered that for similar materials and vent sizes type 2 measurements 
agreed well with static type measurements. In static measurements only the 
maximum or peak specific extinction area value obtained before ageing and 
sedimentation occurs are considered. This is because peak values are 
considered more representative of a material than the specific extinction 
area value averaged over the duration of a test. It was also ascertained 
that the optical density of cool, relatively well mixed smoke is of primary 
importance in fire safety rather than the hot, undiluted smoke because in 
this situation heat rather than reduced visibility becomes the primary 
hazard. Using the above principles, peak specific extinction area values 
were conpared using both methods (Table 3) .

TABLE 3
PEAK SPECIFIC EXTINCTION AREAS

Method Heat Flux Orientation Peak Specific Extinction Area

P-190 50 kW/m2 H 1174.33
E-662 40 kW/m2 H 1146.61
P-190 35 kW/m2 H 1670.25
E-662 35 kW/m2 H 1116.91
P-190 35 kW/m2 V 579.03
E-662 35 kW/m2 V 641.71
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4.3 To maintain an awareness of state-of-the-art techniques and new advances 
in the field, the International Fire Protection Engineering Institute 
Conference (IFPEI-V) and the International Conference on Fires in Buildings 
were attended. The main focus of the latter conference was the J.992 European 
harmonization of standards. Other topics dealt with the use and role of 
codes and standards, new methods of classifying building materials and 
combustion toxicity. More information is available in the trip report, 
Appendix III.

4.4 A  paper describing Forintek's modifications to the E-662 smoke chamber 
and comparison of smoke generation data obtained with the modified chamber, 
ASTM P-190 cone calorimeter and the ASTM E-906 rate of heat release apparatus 
for publication in the Journal of Fire Science, is in preparation.

4.5 A paper on the generation of smoke and combustion gases by flooring 
materials for presentation at the Fifth International Conference (INTERFIAM), 
in England, September, 1990 is in preparation. The abstract submitted for 
this conference has been accepted.
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Minutes
NORTH AMERICAN WOOD PRODUCTS FIRE RESEARCH CONSORTIUM

(NAWPFRC)

National Forest Products Association Headquarters
Washington, D.C. ¥

August 9, 1989

1*0 Call to Order

The meeting was called to order at 9.00 am by Susan LeVan. Alicje 
Cornelissen and Les Richardson recorded the minutes.

2.0 Attendance

R. McPhee CWC J. Shaw Weyerhaeuser
S. LeVan FPL K. Pe ter son Georgia Pacific
B. Glowinski NFPA M. Janssens NFPA
E. Schaf fer FPL • McIntyre Hicksons
B. Groah HPMA L. Wagner AHA
J. Mehaffey FCC L. Richardson FCC
A. Cornelissen FCC G. Schiele Arnox

3.0 Objectives of NAWPFRC

Attention was drawn to the NAWPFRC objectives. They are :

~ to inform the wood products fire research organizations of current non
proprietary research programs;
— to demonstrate a coordinated approach to wood products fire research; 

and
- to develop a shared vision of needs and recommendations for fire 

research priorities.

A.O Review of Minutes of Fire Modeling Meeting

S. LeVan is sending minutes of the June Fire Modeling Meeting to 
approximately 100 interested people.

A discussion was held about the changing format of the Fire Modeling 
Workshops. Originally, these meetings were informal gatherings of industry 
researchers attempting to keep informed about current activities in the 
field of fire modeling and to focus the industry's fire modeling research 
efforts on the industry's research needs. The scope of the June Fire 
Modeling Workshop was much broader, had a much wider attendance and a much 
more formal structure.
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The round table approach used during the June workshop to discuss fire 
endurance and heat transfer modeling received very favourable feedback.

The importance of keeping the fire growth modelers and the fire 
endurance/heat transfer modelers together for a significant part of these 
workshops was noted as interaction between the two groups results in a 
familiarity of terms used by each other. *

Since a diversity of interests among attendees of these workshops is 
beneficial to everyone, future NAWPFRC Fire Modeling Workshops should be 
held at major centers with easy access and timed to dove-tail with other 
major meetings. This would make European attendance more attractive.

At this point the meeting digressed from the original agenda when a long 
discussion about increasing the funding for industry fire research was 
held.

5.0 Review of MAWTFRC Mon—Proprietary Research

5.1 NFPA

5.1.1 Room Fire Growth Modeling

Objective: to develop algorithms capable of correctly evaluating the
contribution of lining materials in corner/wall configurations to fire 
growth and incorporate these algorithms into comprehensive room fire growth 
models to predict fire development in a room with contents and furnishings.

Progress: all calibration tests have been completed. The first series of 
tests (burner program of 40 kW for 5 minutes followed by 160 kW for 5 
minutes) on Douglas fir plywood, southern yellow pine, fire retardant 
treated southern yellow pine, redwood lumber, particle board and OSB board 
has also been completed.

In response to a question, Marc Jannsens stated that all three criteria 
used to define flashover agreed very well with each other; however, radiant 
flux to the floor was the most easy to calculate. To date he has noted 
only one situation where there has been a significant discrepancy between 
the three flashover criteria. That was a wall test in which all of the 
material had been consumed by the fire and yet the temperature continued 
to rise.

5.1.2 Structural Fire Endurance Model for Floors

Objective: to determine the feasibility of developing a structural fire
endurance model for unprotected floor systems.

Progress: the need for better characterization of the effect of
temperature on cross-sectional strength has been identified.
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5.1.3 Heat Transfer Modeling

Subject covered by Forintek presentation.

5.1.4 Development of Structural Fire Endurance Model for Trusses 

Subject covered by Forest Products Laboratory presentation.

5.1.5 Smoke Toxicity-Standardization

Objective: to provide input for NIBS, ASTM and ISO development of smoke 
toxicity test standards.

Progress: it is expected that the NIBS standard will be considered by the
steering committee in October and submitted to ASTM by late November. 
Also, efforts to develop a standard based upon the U-Pitt apparatus have 
been revitalized. This must be monitored.

5.1.6 Smoke Toxicity-New York State Generic

Objective: to develop a generic wood industry proposal for compliance with
New York State smoke toxicity registration law.

Progress: a proposal has been filed with New York State. Subsequent State
requests for two additional tests is underway.

5.1.7 Effect of Positive Pressure on Wood-framed Assemblies

Objective: to determine the effect of positive pressure on wood-framed
assemblies .

Progress: Tests on two wall assemblies have been completed by
Weyerhaeuser. One wall assembly was tested at traditional negative furnace 
pressures, the second wall was tested at 10 Pa positive pressure. The 
results indicate that wood products will not be threatened by the 
introduction of positive pressure in furnaces during fire resistance tests 
of non-load bearing wall assemblies. It was concluded that this project 
was money well spent.

5.1.8 Code Approval of FRT Wood Assemblies where Noncombustible Presently 
Required

Objective: to obtain building code approval for one-hour fire retardant
treated wood-framed assemblies where one-hour noncombustible assemblies are 
presently required.
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Progress: Reedy Creek Improvement District accepted this code change. 
Information of this nature is published bimonthly in a NFPA publication 
called IMPACT.

TAC will consider development of an intermediate scale test for determining 
heat release by building assemblies. It was suggested that it might be 
beneficial to continue relating results to market targets and 
opportunities.

5.2 FPL

5.2.1 Feasibility of Developing a Fire Hazard Assessment Model for Rating 
the Fire Hazard of Wildland/Urban Interface

Objective: to determine if multi-attribute utility methodology could be
used to develop a fire hazard assessment model that can be used to provide 
a rating tool for the California Department of Forests and United States 
Forest Service. An assessment of the relative hazard to various sites, 
with and without structures, in different types of forest fuel will be made 
using the model.
Progress: The study has been initiated.

In a long discussion about the reasons for this project, it was noted that 
the model could spawn regulations for the wood industry.

5.2.2 Variability in Charring Rates Due to Differences Between Wood 
Species - Mechanistic Models

Objective: to develop a mechanistic model that will predict the
differences in charring rates between wood species.

Progress: none since last report. (This is a continuation of Robert
White's thesis . )

5.2.3 Fire Endurance Model for Trusses

Objective: to develop a model that will predict single truss performance
under combined structural load and fire conditions.

Progress: work is proceeding on modifying an existing structural model for
trusses to include factors considered important in assessing the fire 
performance of the assembly and fire testing of 2X4 lumber and metal-plate 
connectors in tension. It has been found that at low temperatures truss 
plates break while at high temperatures the truss teeth pull out of the 
wood .
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5.2.A Evaluation of Fire Exposed Lumber using Longitudinal Stress Waves

Objective: to study the feasibility of using sound waves as a diagnostic
tool in fire research to evaluate changes in wood properties during fire.

*
Progress: none, study just initiated.

5.2.5 Compatibility of Fire Retardant and Preservative Treatments for 
Western Hemlock and Pacific Silver Fir

Objective: to develop durable fire-retardant systems for alternative 
shingle shake species. The limited supply of western red cedar is becoming 
too expensive for shingle production.

Progress: exterior FR's have been combined with several preservative 
systems. Screening tests appear promising and accelerated weathering 
tests of shingles and shakes are underway. The preservative system used 
is organic in nature. FPL is looking at Class C roof coverings ratings.

5.2.6 Effect of Cyclic Exposure on the Mechanical Properties of Fire 
Retardant Plywood

Objective: to evaluate influences of cyclic temperature schedules on the
strength properties of FRT plywood.

Progress: exposure of plywood specimens treated with two chemical
treatments and untreated wood are being exposed to cyclic temperature and 
moisture environments. Samples with 6% targeted moisture content will be 
completed in October. The 12% MC samples will be completed in February 
1990.

5.2.7 New Approaches to Fire Retardancy of Wood-Effectiveness

Objective: to examine the feasibility of improving the fire performance
of wood with bonded fire retardant treatments.

Progress: 6ome fire retardancy effectiveness was achieved as indicated by
increased residual char. However, the cost of the treatment will make the 
treatment uneconomical.

5.2.8 Experimental Parameters Involved in a Heat Release Rate Model for 
Wood

Objective: to develop fundamental kinetic information on Douglas fir to
be used in a heat release rate model for wood.
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Progress: publication has been written and S. LeVan is to send out
reprints of the paper to all those interested.

5.2.9 Effect of Fire Retardant Chemicals on the Mechanical Properties of 
Clear Wood

Objective: to evaluate the influence of chemical, temperature and moisture
content on the strength properties of wood.

Progress: the study has been initiated. Both 130 °F and 150 °F exposures
are near completion. An interim report will be written upon completion of 
the two exposures.

5.2.10 Heat Release Rates of Various Wood Species

Objective: to characterize the burning rates: heat release rate, mass
loss rate, charring rate of different wood materials under different fire 
exposures.

Progress: preliminary work has focused upon Douglas fir slab. ASTM E906
apparatus has been modified to obtain the pertinent data.

5.2.11 Validation of the OSU ROOM Fire Growth Model

Objective: to validate the existing OSU ROOM compartment fire model.

Progress: bench scale and large scale tests have been conducted. Input
data were obtained from the ASTM E906 apparatus.

5.2.12 Development of Algorithms and Validation of the MOSURF (now 
CORNWALL) Model

Objective: to develop algorithms for compartment fire models and to make
necessary changes or rewrite the OSU ROOM fire model.

Progress: data base of bench scale and large scale tests has been
es tablished .

5.2.13 Description of Sprinkler Systems

Objective is to hire a new scientist to begin a study on sprinklers and 
their impact on building codes and wood systems in particular.
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Progress: A long discussion was held concerning the type of problems 
associated with setting up a sprinkler research project and the impact of 
sprinklers on building codes. It was suggested that any sprinkler research 
should be tied in with risk assessment and a total systems approach. Rod 
McPhee agreed to write his ideas down and send them to S. LeVan.

5.2.14 Experimental Verification of Fire Endurance Model for Wood-Framed 
Wall Assemblies

Objective: to verify and improve the previously developed model for wood-
frame assemblies using a data base of ASTM E119 results for different wall 
assemblies.

Progress: the wall tests have been completed. A RHR report has been
completed and the fire resistance results are being analyzed.

5.3 CWC

5.3.1 Fire Tests on Wood Stud Walls

Objective: to extend application of the calculation method for fire
resistance contained in the NBCC Supplement to wood studs spaced at 24 
inches (600 mm) o.c., and to collect heat transfer data for modeling.

Progress: the original proposal, an insulated system with plywood
sheathing on the unexposed surface, has been revised. This work is based 
on historical data done in the 60's.

5.3.2 Exterior Wall Ignition Tests

Objective: to show equivalent performance of wood stud exterior walls to
noncombustible construction both clad with noncombustible or limited 
combustible systems and to relax spatial separation restrictions in NBCC.

Progress: project will be initiated in 1990.

5.3.3 Hazard 1 Review

Objective: to review fire hazard assessment model by NFPA.

Progress: CWC hired a new engineer and these responsibilities will be
reassigned to her. It is expected that the wood industry, by staying 
abreast of this new technology, will be able to capitalize on it when the 
opportunity arises.

5.3.4 Fire Risk Assessment and Cost Benefit Model
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Objective: to use fire research data and market cost data to determine 
impact on risk-to-life and fire cost expectation levels resulting from 
changes in the building code requirements.

Progress: this project will be initiated in 1990. CWC will use risk 
assessment models to support some of the concerns of the wootf industry. 
A good example of a model that will play a major role in the future of 
Canadian building codes is that developed by David Yung.

5.3.5 Wood Design Manual

Objective: to provide a general description of code approach to fire
safety in one chapter of the handbook including discussion on available 
engineering methods for calculating fire resistance, flame spread, etc., 
of wood systems/materials.

Progress: this work will be completed by November. CWC is open to
suggestions as to what should be included under this chapter. Marc
Janssens is in the process of writing a paper for two types of flame
spread; wind opposed and wind aided.

5.3.6 Building Codes and Fire Test Standards Review

Objective: to ensure that changes in building codes do not put wood at a
disadvantage to competitive products.

Progress: CWC has had success with NFirePA Sprinkler Committee and the
1990 NBCC code changes. Potential threats come from fire services re wood 
trusses, exterior walls, positive pressure. Proposals supporting use of 
wood studs in noncombustible buildings will be submitted at the provincial 
code level.

5.3.7 Positioning of Sprinklers Beneath Deep Composite Wood Joists

Objective: to determine the optimum spacing and location of fire
sprinklers beneath deep wood I-beams up to 30" deep.

Progress: Phase I tests were felt to be acceptable. The results were used 
to propose an emergency change to NFPA 13 Sprinkler Standard Rules. T1A 
is presently out for public comment. Standards Council will vote on this 
item in October. Four tests are planned for between now and October.

5.4 Forintek
5.4.1 Heat Transfer Model for Gypsum Wallboard
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Objective: to develop a mathematical model to predict heat transfer
through an unloaded, gypsum wallboard protected wood-stud wall assembly 
under fire conditions.

Progress: Forintek hired Dr. Mehaffey to carry out this research. A
preliminary one-dimensional partial-differential mathematical model to 
simulate heat transfer through a gypsum wallboard membrane exposed to fire 
has been developed. A major stumbling block is the lack of consistent 
thermal properties of gypsum wallboard. Paul Shipp from US Gypsum has 
expressed his interest in this research. A meeting with him has been 
scheduled in August.

5.4.2 Use of Heat Release Measurements to Define Combustibility

Objective: to evaluate the use of heat release rate measurements for
determination of the degree of combustibility of building materials.

Progress: rate of heat release measurements using the cone calorimeter
have been completed. Modification of the ASTM E906 OSU apparatus have been 
completed and testing is in progress.

5.4.3 Heat Release by Room Lining Materials

Objective is to determine the rates at which heat is released by several 
room lining materials.

Progress: measurement of heat release by unrated and flame-spread rated
room lining materials using the cone calorimeter have been completed.

5.4.4 Smoke Development in Compartments

Objective: to evaluate smoke generation by building materials and the
applicability of these measurements to actual fire situations.

Progress: all experimental work measuring smoke generation and mass loss
changes by wood materials exposed to various levels of radiant heat from 
a conical heater in both vertical and horizontal orientations has been 
completed. A new standard has been proposed to replace ASTM E662.

5.4.5 Measurement of Combustion Gases

Objective: to evaluate the generation of toxic combustion gases by wood
materials during fires.

Progress: a method for measurement of combustion gases generated by common
flooring materials was developed. It was demonstrated that the total 
toxicity index of combustion gases generated is directly proportional to 
the optical density of the smoke.
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5.4.6 Improved Taped-Joint for Gypsum Protected Systems

Objective: to investigate the feasibility of developing an improved taped-
joint for joints between adjacent gypsum wallboard panels used to protect 
structural wood elements.

*

Progress: conclusions indicated that insertion of a galvanized steel strip
did not increase the fire resistance of wall sections when only temperature 
criteria were considered, however, the strips significantly increased the 
resistance of joints to passage of fire.

5.4.7 Technology and Information Transfer

Objective: to exchange information, transfer technology and assure
coordination of Forintek's fire research program.

Progress: on-going

5.4.8 Codes and Standards Committee

Objective: to promote the use of fire-rated wood construction systems
through creation of appropriate codes and standards.

Progress: on-going

6.0 Coordination of Ppcoming Meetings and Talks

1. IUFRO- To be held in Montreal, June 1990
2. FPRS- To be held in Salt Lake City, June 1990

7.0 Other Busineas

7.1 Key Fire Issues

The key fire issues facing the North American wood products industry are 
listed as follows:

Degradation of Fire Retardant Treated Wood
Fire Endurance of Engineered Wood Structural Systems
Fire Sprinklers
Cone Calorimetry
Fire Risk Assessment
ASTM El 19 Rewrite
Fire Door Test Under Positive pressure
Structural Modeling
Heat Transfer Modeling
New York Smoke Toxicity
Room Fire Tests
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LIFT Flame Spread test 
LA Ban of Cedar Shakes and Shingles 
Ease of Ignition 
EC Harmonization
NIBS Toxic Hazard *

RHR for Low Combustibles
Toxic Potency tests
NIST Models (Hazard, First, Fast)
Fire Resistive Coatings 
Smoke Obscuration 
Fire Growth Modeling 
Multi-Storey Exterior Test

7.2 Proposals for Future FCC Research

- Continuance of fire endurance/heat transfer research
- Lift/IMO evaluation of building materials
- Continuance and expansion of cone calorimetry evaluation of heat release 

and ignitability of solid wood materials
- Effectiveness of fire resistant coatings for protection of metal 

connectors
- Development of Class A fire resistant hardboard siding
- Development of toxicity tests that do not require the use of animals
- Development of tests to evaluate ease of ignition of materials

8.0 Adjournment

The NAWPFRC meeting was adjourned at 6:30 pm.
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APPENDIX II
REVISION OF STANDARD TEST METHOD E-662 FOR 

SPECIFIC OPTICAL DENSITY OF SMOKE GENERATED BY SOLID MATERIALS
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Revision of Standard Test Method E-662-83 for 
SPECIFIC OPTICAL DENSITY OF SMOKE GENERATED BY SOLID MATERIALS

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

1. SCOPE

1.1 This test method covers determination of the specific optical
density of smoke generated by solid materials and assemblies mounted in 
either vertical or horizontal orientations in thicknesses up to and 
including 25.4 mm. Measurement is made of the attenuation of a light beam 
by smoke (suspended solid or liquid particles) accumulating within a closed 
chamber due to nonflaming pyrolytic decomposition and flaming combustion. 
Results are expressed in terms of specific optical density which is derived 
from a geometrical factor and the measured optical density, a measurement 
characteristic of the concentration of smoke. Additional measurements 
include mass-loss rate, smoke extinction coefficient, and specific smoke 
extinction area.

1.2 This test method tests materials and products in either vertical or 
horizontal orientations under a constant, imposed, external heat flux that 
may be set at any level between 0 to 50 kW/m2.

1.3 This standard should be used to measure and describe the properties 
of materials, products, or assemblies in response to heat and flame under 
controlled laboratory conditions and should not be used to describe or 
appraise the fire hazard or fire risk of materials, products or assemblies 
under actual fire conditions. However, results of this test may be used as 
elements of a fire risk assessment which takes into account all of the 
factors which are pertinent to an assessment of the fire hazard of a 
particular end use.

1.4 This standard may involve hazardous materials, operations and 
equipment. This standard does not purport to address all of the safety 
problems associated with its use. It is the responsibility of the user of 
this standard to establish appropriate safety and health practices and 
determine the applicability of regulatory limitations prior to use.

2.0 REFERENCED DOCUMENTS

2.1 ASTM Standards

D2843 Standard Test Method for Density of Smoke from the Burning 
or Decomposition of Plastics1

E662 Test Method for Specific Optical Density of Smoke Generated 
by Solid Materials2
E176 Terminology Relating to Fire Standards3
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P190 Proposed Standard Test Method for Heat and Visible Smoke 
Release Rates for Materials and Products using an Oxygen 
Consumption Calorimeter*

3.0 TERMINOLOGY
F

3.1 For definitions of terms used in this test method, refer 
to Terminology E176.

3.2 Descriptions of terms specific to this test method:

3.2.1 Heating flux - the incident flux imposed externally from the 
heater on the specimen at the initiation of the test.

3.2.2 Orientation - the plane in which the exposed face of the specimen 
is located during testing, either vertical or horizontal facing up.

3.2.3 Sustained flaming - existence of flame on or over most of 
the specimen surface for periods of at least 10 seconds.

3.3

4.0

Symbols

D, - specific optical density 
V - volume of closed chamber (m3)
A - exposed surface area of specimen (m3)
T - percent light transmittance 
L - length of light path through smoke (m) 
k - smoke extinction coefficient (irf1)

mi - initial specimen mass (kg)
At - testing time interval (s)
g. - specific smoke extinction area (m /kg)

S I G N I F I C A N C E  A N D  U S E

4.1 This method provides a means for determining the specific optical
density of the smoke generated by specimens of materials, products and 
assemblies under specified exposure conditions. Values determined by this 
test are specific to the specimen or assembly in the form and thickness 
tested and are not to be considered inherent fundamental properties of the 
material tested. Thus, closely repeatable or reproducible experimental 
results should not be expected from tests of a given material when specimen 
thickness, density, or other variables are involved.

4.2 The photometric scale used to measure smoke by this test method is
similar to the optical density scale for human vision. However,

1. Annual Book of ASTM Standards, Vol. 05.05.
2. Annual Book of ASTM Standards, Vol. 04.07.
3. Annual Book of ASTM Standards, Vol. 04.07.
4. Annual Book of ASTM Standards, Vol. 04.07.
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physiological aspects associated with vision are not measured by this test 
method.

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

5. LIMITATIONS

5.1 If during the test of one or more of the three replicate samples, 
there occurs such unusual behaviour as (l)in the vertical orientation, the 
specimen melts sufficiently to overflow the melt trough or fall out of the 
holder, (2) in either orientation the specimen being displaced from the zone 
of controlled irradiance, then an additional three samples of the identical 
preconditioned materials should be tested in the test mode in which the 
unusual behaviour occurred. It is inappropriate to test in the vertical 
orientation any materials which predominately melt or drip. Data obtained 
from the improper tests noted above shall not be incorporated in the 
averaged data but its occurrence should be reported. The test method is not 
suitable if more than three of the six replicates tested in either 
orientation show these characteristics.

5.2 Smoke generation by materials is sensitive to variations in sample
geometry, surface orientation, thickness (either overall or individual 
layer), weight, and composition. It is, therefore, critical that the
replicate samples be cut, sawed, or blanked to identical sample areas, 76.2
by 76.2, +0, -0.8 mm, and that records be kept of the respective weights
with the individual test data. Evaluation o'f the obtained data together
with the individual weights may assist in assessing the reasons for any
observed variability in measurements.

5.3 Sensitivity to variations in composition requires that, when 
changing to another material to be tested, it may first be necessary to 
clean and remove from the walls the accumulated residues to assure that 
chemical or physical recombination with the effluents or residues produced 
by the pyrolysis does not affect the data obtained. Even when testing the 
same material, excessive accumulations of residue should not be permitted to 
build since ruggedness tests have indicated that such serve as additional 
insulators tending to reduce normally expected condensation of the aerosol, 
thereby raising the measured specific optical density.

6. SUMMARY OF METHOD

6.1 This method employs a conical-shaped radiant electric heater 
positioned so as to be capable of vertical or horizontal orientation. In 
either orientation the nominal 76.2 by 76.2 mm specimen is mounted within a 
holder which exposes an area measuring 65.1 by 65.1 mm. The holder can 
accommodate specimens up to 25.4 mm thick. This exposure provides the 
nonflaming condition of the test.

6.2 For the flaming condition, a spark ignitor shall be located
13 mm above the center of the specimen face in the horizontal orientation,
and in the vertical orientation the qap shall be located in the specimen
face plane and 5 mm above the top of the holder. In either position the
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spark ignitor shall be removed when sustained flaming is achieved by using a 
modified sample mover knob attached to the spark plug handle. This 
application of a spark ignition in addition to the irradiance from the 
conical heating element constitutes the flaming combustion exposure.

6.3 The test specimens are exposed to the flaming and no«f laming
conditions within a closed chamber. A photometric system with a vertical 
light path is used to measure the varying light transmission as smoke 
accumulates. The light transmittance measurements are used to calculate 
specific optical density of smoke generated during the time period to reach 
a maximum value, smoke extinction coefficient (k) and specific extinction 
area for smoke (O',) . Mass loss measurements are used to calculate average 
specific extinction area values.

7. APPARATUS
7.1 The apparatus shall be essentially as shown in Fig. 1. A more 
detailed description of suggested details is given in Annex A2. The 
apparatus shall include the following:

7.1.1 Test Chamber - as shown in Fiq.l, the test chamber shall be 
fabricated from laminated panels to provide inside dimensions of 914 by 610 
by 914 ± 3 mm for width, depth, and height, respectively. The interior 
surfaces shall consist of porcelain-enamelled metal, or equivalent coated 
metal resistant to chemical attack and corrosion, and suitable for periodic 
cleaning. Sealed windows shall be provided to accommodate a vertical 
photometric system. All other chamber penetrations shall be sealed. When 
all openings are closed, the chamber shall be capable of developing and 
maintaining positive pressure during test periods, in accordance with 11.12.

7.1.2 Conical heater - the active element is an electrical heater rod, 
rated at 5000 W at 240 V, tightly wound into the shape of a truncated cone 
(Fig. 2). The heater is encased on the outside with a double-wall stainless 
steel cone, packed with refractory fibre material of approximately 100 kg/m3 
density.
7.1.2.1 The heater shall be hinged so that it can be swung into either a 
horizontal or vertical orientation. The heater shall be capable of 
producing irradiances on the surface of the specimen of up to 50 kW/m2. The 
irradiance shall be uniform within the central 50 mm area of the specimen, 
to within ± 2% in the horizontal orientation and to within ± 10% in the
vertical orientation.___ As the geometry of the heater is critical, the
dimensions of Fig. 2 are mandatory.

7.1.2.2 The irradiance from the heater shall be capable of being held at a 
preset level by means of a temperature controller and three type k 
thermocouples, symmetrically disposed and in contact with, but not welded 
to, the heater element (see Fig. 3). The thermocouples shall be of equal 
length and wired in parallel to the temperature controller.
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7.1.3 Temperature controller - the temperature controller for the heater 
shall be capable of holding the element temperature steady to within ± 2 °C 
and the unit should be capable of switching currents up to 25 A at 240 V.

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

7.1.3.2 The heater temperature shall be monitored by a meter capable of 
being read to ± 2 °C, or better.

7.1.4 Load-cell - the load-cell shall have an accuracy of 0.1 gm, and 
preferably it shall have a measuring range of 100 gm and a mechanical tare 
adjustment range eguivalent to the weight of the support frame and "blank" 
specimen holder. The load-cell is mounted on a cooling plate to maintain a 
constant operating temperature reducing any tendency of load-cell drift. 
The general arrangement of the specimen holder on the load-cell is indicated 
in Figs. 4 and 5.

7.1.5 Heat flux gage - The total heat flux gage shall be of the Gardon 
(foil) type, with a design range of about 100 kW/m2. The target receiving 
radiation, and possibly to a small extent convection , 3hall be flat, 
circular, of approximately 12.5 mm in diameter and coated with a durable 
matt black finish. The target shall be water cooled. Radiation shall not 
pass through any window before reaching the target. The instrument shall be 
robust, easy to set up and use, and stable in calibration. The instrument 
shall have an accuracy of within ± 3% and a repeatability within 5%.

7.1.5.1 The calibration of the heat flux gage shall be checked whenever a 
recalibration of the apparatus is carried out by comparison with an 
instrument (of the same type as the working heat flux gage and of similar 
range) held as a reference standard and not used for any other purpose. The 
reference standard shall be fully calibrated at a standardizing laboratory 
at yearly intervals.

7.1.5.2 This gage shall be used to calibrate the heater temperature 
controller. It shall be positioned at a location eguivalent to the center 
of the specimen face in either orientation during calibration.

7.1.6 Digital Data Acguisition System - the data acguisition system must 
have facilities for recording the output from the photometer, load-cell, and
thermocouples.____ The data acguisition system shall have an accuracy
corresponding to 0.5 °C for the temperature measuring channels, and 0.01% of 
full-scale instrument output for all other instrument channels. The system 
shall be capable of recording data for at least 30 min, at intervals not 
exceeding 15 seconds.
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7.1.7 Specimen Holder - Specimen holders shall conform in shape and 
dimension to that shown in Fig. 6 and be fabricated to expose a 65.1 by 65.1 
mm specimen area. Also shown in Fig. 6 are the spring and rods for 
retaining the specimen within the holders.

7.1.8 Photometric System - The photometric system shall consist of a 
light source and photodetector, oriented vertically to reduce measurement 
variations resulting from stratification of the smoke generated by materials 
under test. The system shall be as shown in Figs. 7 and 8 include the 
following :

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

7.1.8.2 The photodetector shall be a photomultiplier tube, with an S-4 
spectral sensitivity response and a dark current less than 10"’ 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 measurement system to 
correct for differences in the luminous sensitivity of the photomultiplier 
tube. These filters also provide correction for light source or 
photomultiplier 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 
opposite the light source shall be provided to mount the photodetector 
housing and the associated optics. A glass window shall be used to isolate 
the photodetector and its optics from the chamber atmosphere.

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

7.1.9 Thermocouples - one thermocouple shall be fixed to the center of 
the inner surface of the wall opposite the door. A second thermocouple 
suitable for measuring a temperature of 200 °C shall be mounted with its 
•junction secured to the geometric center of the inner top wall panel of the 
chamber using an insulation sheath to protect the thermocouple.
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7.1.10 Output instrumentation - the outputs of the heat flux gage shall be 
measured using a potentiometer and the results recorded. The photodetector 
output shall be measured with a potentiometer or other suitable instrument 
capable of measurement over the range of the apparatus. See Annex A1. The 
output of the two thermocouples shall be measured and recorded using 
suitable devices equipped with cold junction compensators. ►

7.1.11 Manometer for Chamber Pressure Measurements - a simple water 
manometer with a range up to 152 mm of water shall be provided to monitor 
chamber pressure and leakage. The pressure measurement point shall be 
through a gas-sampling port in the chamber. A simple water column or relief 
valve shall be provided to permit control of chamber pressure (see A2.7).

7.1.12 Spark Ignition - external ignition is accomplished by a spark plug 
powered from a 10 kV transformer. The spark plug shall have a gap of 3 mm. 
The transformer must be of a type specifically designed for spark ignition 
use. The transformer shall have an isolated (ungrounded) secondary to 
minimize interference with the data collection transmission lines. The 
electrode length and location of the spark plug shall be such that the spark 
gap is located 13 mm above the center of the specimen in the horizontal 
orientation (Fig. 9); in the vertical orientation the gap shall be located 
in the specimen face plane and 5 mm above the top of the holder (Fig. 10) . 
In either position the spark plug shall be removed when sustained flaming is 
achieved by using a modified sample mover knob attached to the spark plug 
handle.

7.1.13 Chamber wall protection - because the conical heater has a larger 
surface area releasing heat than the planar heater (employed in ASTM E662), 
the chamber wall directly opposite the heater face will become hot quite 
rapidly. To protect the chamber wall, a ceramic fiber refractory bonded 
rigid insulation board5 25.4 mm thick, capable of withstanding temperatures 
in the range of 1260 °C, shall be placed so as to offer maximum protection 
to the chamber wall, equivalent to the area covered by the heater face. The 
ceramic board shall be placed in such a position that it will not interfere 
with the normal operation of the chamber, or test procedures.

8. TEST SPECIMENS

8.1 Size - the test specimens shall be 76.2 by 76.2, +0, -0.8 mm by the 
intended installation thickness up to and including 25.4 mm. Materials 
greater than 25.4 mm thick shall be sliced to 25.4 mm thickness, and each 
original (uncut) surface tested separately if required under 8.3.1. The 
results are valid only for the thickness and form in which it is tested.

5. Greenvac Board, AP Green Refractories, Weston, Ontario, 
with a continuous use limit of 1260 ± 20 °C and a density 
range of 288-320 kg/m3, has been found suitable.
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8.2 Specimen Orientation - If visual inspection of a material indicates 
a pronounced grain pattern, process-induced orientation, or other 
nonisotropic property, a minimum of three specimens shall be tested for each 
orientation in each test mode and the results of each orientation reported 
separately. Test results from specimens tested under different orientations 
shall not be used to obtain average values. ►

8.3 Specimen Assembly

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

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

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

8.3.2.1 Rigid or semirigid sheet materials shall be tested by the standard 
procedure regardless of thickness.

8.3.2.2 In the absence of a specified assembly system, paints, adhesives, 
etc., intended for application to combustible base materials, shall be 
applied to the smooth face of 6.4 mm thick tempered hardboard, nominal 
density 800 to 970 kg/m3, using recommended (or practical) application 
techniques and coverage rates. Tests shall also be conducted on the 
hardboard alone, and these values shall be recorded as supplemental to the 
measured values for the composite specimen.

8.3.2.3 Paints, adhesives, etc., intended for application to noncombustible 
substrate materials, shall be applied to the smooth face of 6.4 mm rigid 
ceramic fiber millboard, nominally 1900 ± 100 kg/m3 in density, or its 
equivalent, using recommended (or practical) application techniques and 
coverage rates.
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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 
insulation board backing. Five wire staples, approximately 12.7 by 6.3 by 
0.5 mm, shall be positioned horizontally at the center, and at the center of 
the four quadrants. *■

8.3.3 Specimen Mounting:

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

8.3.3.2 All specimens shall be backed with a sheet of 12.7 mm thick
insulation millboard having a nominal density of 850 ± 170 kq/m3. The
specimen and its backing shall be secured with the spring and retaining rod. 
A modified C-shape retaining rod or similar device shall be used with 
specimens from 16 to 25 mm thick. Do not deform compressible specimens 
below their normal thickness.

8.3.3.3 Specimens are cut to 76.2 X 76,2 mm in size. Any thickness up to
25.4 mm can be accommodated. It is emphasized, however, that thermally thin 
specimens such as films, paints, etc, cannot be tested in any instrument in
an apparatus-independent way.____ These should be tested with the same
substrate as will be used in their application. Adjustment for specimen 
thickness less than 25.4 mm may be made by inserting additional insulation 
millboard. A spacing of 31 mm is maintained between the bottom of the cone 
and the top of the specimen.

8.3.3.4 In vertical orientation testing, the same size specimens 76.2 X 
76.2 mm, are used. If specimen thickness is less than 25.4 mm additional 
insulation millboard is used to fill the depth and permit the spring clip 
to hold the specimen securely in the holder. It is inappropriate to test in 
the vertical orientation any materials which predominately melt and drip.

9. CONDITIONING

9.1 Predry specimens for 24 h at 60 ± 3 °C and then condition to
equilibrium (constant weight) at an ambient temperature of 23 ± 3 °C and a 
relative humidity of 50 ± 5%.

9.2 While in the conditioning chamber, specimens should be supported in 
racks so that air has access to all surfaces. Forced-air movement in the 
conditioning chamber will assist in accelerating the conditioning process.
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10. NUMBER OF TEST SPECIMENS

10.1 Conduct three tests under flaming exposure and three tests under
nonflaming exposure on each material, (total of six specimens) in the 
orientation which the material will be used in its finished form in 
accordance with the conditions described herein. *

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

10.1.2 Where one or more of the three replicate tests in either 
orientation demonstrates an unusual behaviour such as detailed in 5.1, test 
three additional replicates in the same orientation. Average only the data 
from the successful tests.

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

11. PROCEDURE

11.1 Conduct all tests in a room or enclosed space having an ambient 
temperature of 23 ± 3 °C and relative humidity of approximately 50% at the 
time of test. Take precautions to provide a means of removing potentially 
hazardous gases from the area of operation.

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

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

11.3 During the warm-up period all electric systems (cone heater, load
cell, measurement instruments, data acquisition system light source, 
photometer readout, etc.) should be on, the exhaust vent and chamber door 
closed, and the inlet vent open. When the temperature on the center surface 
of the back wall reaches a steady-state value in the range of 35 ± 2 °C the 
chamber is ready for cone heater calibrating or testing. To increase 
chamber wall surface temperature to the stated level an auxiliary heater may 
be used but shall be removed prior to performing tests; conversely to
decrease this temperature, the exhaust blower may be used to introduce 
cooler air from the laboratory. Standardize the cone heater output 
irradiance at periodic intervals according to test experience (normally 
twice per test day).
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11.4 A "blank" specimen holder, with the insulation millboard exposed 
should always be directly in front of the heater except when removed for (1) 
the specimen holder during a test or (2) the radiometer during calibration. 
It should be returned immediately to this position when testing or 
calibration is completed to prevent excessive heating of the adjacent wall 
surface.

11.5 During the calibration, set the temperature controller to the
desired flux by using the flux gage at the start of the test day or after 
changing to a new flux level, or when the cone heater orientation is 
changed. Do not use a specimen or specimen holder when the flux gage is
inserted into the calibration position. Operate the cone heater for at 
least 10 minutes. After the prescribed irradiance level has reached steady- 
state, remove the radiometer from the chamber and replace with the "blank" 
specimen holder.

11.6 Load-cell calibration - check load-cell calibration with standard 
weights in the range of test specimen weight before each series of tests. 
The load-cell mechanical zero may have to be adjusted after changing 
orientation due to different specimen holder frame supports.

11.7 For nonflaming exposures, remove the spark ignitor. For flaming 
exposures, position the spark ignitor 13 mm above the center of the specimen 
in the horizontal orientation; in the vertical orientation the gap shall be 
located in the specimen face plane and 5 mm above the top of the holder as 
described in 7.1.12.

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

11.9 In horizontal orientation, the distance between the bottom surface
of the cone heater and the top of the specimen is adjusted to be 31 ± 2 mm
by means of the sliding cone height adjustment (Fig. 3). This distance
between the specimen and bottom of the heater was found to provide the most
uniform radiation upon the specimen face providing for the smaller specimen
size. In the vertical orientation, the spacing isi again 31 ± 2 mm that is
fixed when the holder is positioned. The cone heater height. in the vertical
orientation is set so the center coincides with the specimen center. Close 
the exhaust vent and blower. Attach the specimen removal line, and place 
the loaded specimen holder on the support frame (vertical orientation), 
directly on load cell (horizontal orientation) in front of the cone heater 
(Figs. 4 and 5) . While placing the loaded specimen holder in position, 
remove the "blank" specimen holder. Quickly close the chamber door and 
simultaneously start the data acquisition system. Close the inlet vent 
completely only when the photometer indicates the presence of smoke.

11.10 Record light transmittance, corresponding time and specimen mass 
loss, as a continuous plot or at time intervals no greater than 30 seconds. 
Record time to sustained flaming.
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11.11 The photometer used with this instrument shall have an accuracy of 
± 3% or better of the maximum reading on any range. As such, the percentage 
error of a given reading becomes progressively worse at the lower portion of 
the scale.

►11.12 Observe the increase in chamber pressure with the manometer
described in 7.1.11. Use regulator (see A2.10) to maintain the pressure in 
the range of 100 ± 50 mm of water during most of the test. If negative 
pressure develops after very intense specimen flaming, open the inlet vent 
slightly to equalize the pressure.

11.13 Record any observations pertinent to the burning and smoke
generating properties of the material under test, in accordance with 13.1.6 
and 13.1.7.

11.14 Continue the test for a period of 3 min. after minimum light
transmittance value is reached or after an exposure of 20 min. whichever 
occurs first. If desired, the test may be conducted for periods in excess 
of 20 min., when minimum light transmittance levels have not been reached 
during the 20 min. exposure.

11.15 If transmittance falls below 0.01%, the chamber window should be
covered with an opaque screen to avoid possible light-scattering effects 
from room light. Also any supplementary optical filter in the photometer 
system should be removed or displaced in order to extend the measuring 
range. If extraneous light can reflect into the photometer during removal
of the filter, turn the high voltage off or adjust the scale to minimize 
sensitivity. Replace the filter before exhausting smoke from the chamber.

11.16 Remove the spark ignitor on flaming exposures and start exhausting 
the chamber within 1 min. after terminating the test (Note 1). Displace the 
specimen from the front of the cone heater using the specimen removal line. 
Continue to exhaust with the inlet vent open until maximum transmittance is 
reached. Record this transmittance value as the Te "clear beam" reading.

Note 1 - In some cases the transmittance may increase somewhat 
and subsequently decrease to the ultimate minimum 
transmittance.

12. CALCULATIONS

12.1 Calculate specific optical density, D,, at any given time as follows:

D, = G [(logl00/T) + F]

where: G = V/AL and F = depends on the following:

(1) If the movable filter (see 7.1.8.3) is in the light 
path at the time that T is being measured, F=0, and 
T is the actual percent transmittance.

(2) If the filter has been moved out of the light path 
(see 7.1.8.3 and 11.15) at the time T is being
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measured, F = the known optical density of the 
filter (see Al.1.4), and T is an apparent percent 
transmittance.

(3) If the optical system is not equipped with a
movable filter in accordance with 7.1.8.3, F = 0, 
and T is the actual transmittance.

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

12.1.2 A table for D. versus actual percent light transmittance is given in 
Appendix X2.

12.2 Calculate the maximum specific optical density, DB, using the 
equation in 12.1 with a light transmittance corresponding to the minimum 
level reached during the test.

12.2.1 Similarly, calculate Dcusing the % Tc value.

12.2.2 Calculate Dn (corrected) as follows:

D„ (corr) = D„ - De

12.3 For systems without "dark current" cancellation or "blank
adjustment" provisions, a correction must be made for any light 
transmittance reading, T, approaching the dark current value, Td. Calculate 
the corrected light transmittance, T', as follows:

T' = 1 - 1-T = T-T„
1-T„ 1-Td

and is used for the specific optical density calculations described in 12.1 
and 12.2.

12.4 Determine t Dm, the time in minutes for the smoke to accumulate to 
the maximum specific optical density.

12.5 When the test is continued beyond the standard 20 min. exposure, 
make all the calculations in accordance with 12.1 through 12.4 and identify 
the results as "Extended Exposure".

12.6 Determine smoke extinction coefficient k, as follows:

k = 1/L In (100/T)

12.7 The average specific extinction area obtained during the test is
given as follows:

P.(avq) = Z, V, k. At, / m< - m, 

where V is constant
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13. REPORT

13.1 The report shall include the following:

13.1.1 Description of the material including: type, manufacturer,
thickness, mass, or other generic identification.

13.1.2 Description of test specimen including; substrate or core, special 
preparation, mounting, orientation etc.

13.1.3 Test specimen conditioning procedure and duration of conditioning.

13.1.4 Number of specimens tested.

13.1.5 Test conditions: type of exposure (flaming or nonflaminq),
exposure period, test orientation, initial chamber temperature, final 
chamber temperature, heat flux.

13.1.6 Observations of the behaviour of the specimen during test exposure,
such as delamination, sagging, shrinkage, melting, collapse, etc., including
time of such occurrence.

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

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

13.1.9 Tests results rounded to two significant figures including the 
average and range on each set of specimens for Dm with time of occurrence, 
and Dra (corr) .

13.1.10 Specimen mass loss and percent mass remaining after the completion 
of the test.

13.1.11 Smoke obscuration reported as average specific extinction area.

13.1.12 Time to sustained flaming.

13.1.13 Rate of mass loss - a tabulation or curve of time versus specimen 
mass loss, for each of the three specimens in each orientation.
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-Hinged door with window 
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Figure 1 Smoke Density Chamber Assembly
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Figure 3 Cross Section through Cone Heater
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Figure 4 Horizontal Orientation Figure 5 Vertical Orientation-

Figure 6 Specimen Holder, Spring, Rods 
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A — Photomultiplier housing
B — Photomultiplier tube and socket
C — Upper shutter blade, with ND2 filter over one aperture
D— Lower shutter Made, with single aperature
E — Opal diffuser filter
F  — Aperature disk
G — Neutral density compensating filter (from set o f 9)

H— Lens, 7 diopter (2)
J — Optical system housing (2)

K  — Optica] system platforms (2)
L — Optical windows (2)
M — Chamber roof
N — Alignment rods (3) _
P — Parallel light beam, 13-in 
Q — Chamber floor
R — Optica] window heater, sibeoee-fibergls* “  

V

1— Liahi

S  — Regulated light source transformer. MV® Jt 
T  — Adjustable resistor, light source, ad)- "

Figure 7 Photometer Details
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OPTICAL SYSTEM LOCATION 
plan view

Figure 8 Photometer Location

Figure 9 Exploded View, Horizontal Orientation
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Figure 10 Exploded View, Vertical Orientation
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ANNEXES

Al Calibration of Test Equipment

Al.l Photometric System r

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

Al.1.2 A1ignment:

Al.l.2.1 Prepare an opaque templet about 115 mm in diameter with a centered 
51 mm diameter drawn circle.

Al.l.2.2 Attach the templet with transparent tape to, and centered on, the 
upper optical window. With the optical system in its normal operational 
mode, observe the projected image on the templet. A properly aligned beam
will completely fill the 51 mm circle with some spill-over. Because of the 
filament, the pattern will not be a perfect circle. If the pattern is too 
large or too small, the lower lens will require adjustment. Remove the 
cover from the light source enclosure. If the pattern is not centered, it 
will require repositioning of the light source or slight readjustment of the 
lens mount in its track. The lens position may be optimised by slight 
adjustment until the maximum photometer reading is obtained, whereupon it is 
locked. Replace the enclosure cover, making sure that all screws have been 
tightly seated.

Al.l.2.3 Switch off the photometer and remove the cover from the roof- 
mounted optical enclosure. Remove the compensating filter holder from the 
lens mount and observe the converging beam of light. A properly focused and 
aligned beam will form a small intense spot at the disk aperture of the 
photomultiplier housing projecting into the roof of the enclosure. If the 
beam is misaligned or not properly focused, loosen the lens mount screws 
very slightly and carefully refocus. Tighten the screws and recheck the
light spot. Remount the compensating filter holder into the lens mount and 
replace the enclosure cover.

Al.l.3 Linearity Check - The photometer used with this instrument should 
have an accuracy of ± 3% of the maximum reading on any range. It involves a 
spectral band quite similar to that corresponding to human vision. This is 
defined by the operating condition of the lamp source and the spectral 
sensitivity of the photodetector. Since no precise control is maintained
over the size of this spectral band, it would be necessary, if accurate 
calibration were to be attempted, to make use of filters with constant 
transmission over a spectral band of at least 350 to 750 nm. Such filters 
are not readily available. Because of this and the inherent linearity of a
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properly constructed photometer and measuring circuit, it is not recommended 
that the test method user attempt precise calibration of the instrument over 
its operating range. The following rough calibration procedure is, however, 
recommended as a means to ensure that no gross failure of the photometric 
measuring system has occurred. .

Al.1.3.1 Complete alignment as in Al.1.2.

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

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

Al.1.4 Range Extension Filter - If equipped with the normal commercial 
microphotometer with incorporated dark current or blank adjust features, the 
system can only measure to 0.01% transmittance, equivalent to a specific 
optical density of 528. To permit extension beyond this range, the
commercial system is equipped with a glass ND2 filter in the shutter 
assembly. Determine the precise transmission of this filter as follows: 
With the optical system adjusted and leaving the filter in the optical path, 
allow the chamber to stabilize at the operating temperature (35 °C). Place 
over the lower window a white cloth or tissue sufficiently thick so as to 
give a "midscale" reading when the photometer range switch is set to the "1- 
scale". Adjust the micrometer knob to give an exact mid-scale reading (0.5% 
transmittance). Rotate the range switch back to the "100-scale" and move 
the range extension filter out of the optical path. Observe the meter
reading. If the meter reading is 50% T, the value of the filter is exactly 
optical density 2.0 and the preprinted conversion tables, Appendix X2, may 
be used directly. If the meter indication is high, the filter value is less 
than optical density 2.0, and if the meter indication falls below 50% T the 
optical density exceeds 2.0. Determine the correction to be applied to the 
range extension Dm values in Appendix X2 from Table Al.l.

Al.2 Heat flux gage

Al. 2.1 The easiest way to maintain an accurate reference is to have two
identical heat flux gages . Initially, relative readings provided by the two
gaqes should be compared and recorded. The second gage is not to be used in
normal operations, it is to be set aside solely as a reference The two
gaqes should be compared on a periodic basis and if any drift is found, the
working qage should be sent back to the manufacturer for recalibration,
repair or replacement. Ideally, laboratories which expect to be in
continual operation should have three gages-one reference gage, one working
gage and one gage to be used when the working gage is in repair.
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Al.2.2 Gages which show a non-neqliqible change in calibration from the 
last time they were calibrated should be checked at multiple flux levels. 
If the gage is beginning to show non-linearities in its flux versus voltage 
relationship, it should be replaced.

►
A1.2.3 SPECIAL PRECAUTIONS

A1.2.3.1 When a gage is shipped make sure that the water-cooling circuit has 
been drained of water and dried out with compressed air. If this is not 
done, and the gage is shipped during the winter, it is possible that the 
held in water will freeze resulting in a burst gage.

A1.3 Checking the operating flux gage against the reference gage.

A1.3.1 The calibration of the operating gage is to be checked against the 
reference at several flux levels. Typically fluxes of 10, 25, and 50 kW/m2 
are used. It is not important that these exact values be chosen but it is 
essential that the cone heater be operating properly, and that a true
equilibrium be reached at each calibration level.____ The temperature
controller must have reached a constant temperature, and must show zero 
deviation on the deviation scale. The two gages should be inserted one 
after the other, making sure that the reading is again fully equilibrated. 
Readings should agree to within 2% over the entire range. If the operating 
gage is found to disagree with the reference gage by a constant factor over 
the whole flux range, then a new calibration factor is established for the 
operating gage, and the gage used with the new factor. If the operating 
gage cannot be brought to within a 2% agreement over the entire range by the 
use of a single, new factor, then the gage must be rebuilt or replaced.

WARNING : Do not use the reference gage as a daily-use
operating gage as this will destroy the capability of 
having a reliable standard.

A1.4 Calibrating the heater thermocouples to actual heat flux values

A1.4.1 In the normal operation of the heater, the correct setting of the 
heat flux can be quickly attained if one knows the temperature of the 
thermocouples which give the desired heat flux. To do this, it is necessary 
to first generate calibration tables of heater temperatures versus heat flux 
to the sample (Table A.1.4.1). Separate tables are to be made for the 
horizontal and vertical specimen orientations. To construct these tables, 
insert the flux gage in its holder, being certain the center of the flux 
gage is at the center of the cone. No specimen holder or specimen blank is 
to be used for this calibration step.

A1.4.2 Select the desired horizontal or vertical orientation. With the 
flux gage set up, increase the temperature setpoint on the controller for 
the cone heater until the millivolt output of the flux gage (converted to 
kW/m2 by using the flux gage calibration curve-see Fig. A.1.4.2) shows the 
appropriate reading. Be sure to give the controller enough time to 
stabilize before reading the temperature. NOTE: It is important to heat
new cone heaters at least one day prior to performing this calibration. 
When complete this procedure should generate the heater temperatures which 
correspond to flux readings starting from 10 kW/m2 to 50 kW/m2. Now perform
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the same calibration steps for the other orientation.

A1.4.3 With these tables It becomes an easy matter to get a particular 
flux simply by setting the controller to the temperature corresponding to 
the desired flux from the table. It is important to realize that the
temperature of the thermocouples in the cone heater will not give the exact 
flux only a close approximation. It is always necessary to use the flux 
gage to set the final flux. This may require setting the controller's
aetpoint temperature a few degrees higher or lower than what was originally 
calibrated for the table. This alight variation in temperature versus heat 
flux ia to be expected aa the thermocouples age and shift their position due
to the expansion and contraction of the heating element.____ If major
variations develop in these ratios, it is a sign of possible trouble and
ahould be investigated.

1.4.1 Temperature versus voltage (Vertical Orientation)

Temp (°C) Voltage (mv) Heat Flux

250 0.67 0.43
350 1.35 0.83
400 1.83 1.13
450 2.40 1.50
500 3.20 2.00
550 4.09 2.60
600 5.35 3.33
650 6.55 4.08
700 8.26 5.13

Fig. A.1.4.2 Calibration of Heat Flux Gage
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A.1.5 STANDARD MATERIALS

A. 1.5.1 For checking operational and procedural details of the equipment 
and method described herein, two standard materials may be used. The 
reference materials may be purchased from the Office of Standard Reference 
Materials, National Institute of Standards and Technology (NIST),
Washington, D.C. 20234. Under nonflaming conditions, a single layer of 
alpha-cellulose (cotton linters) paper SRM1006, and under flaming conditions 
a plastic sheet, SRM1007a, should provide repeatable maximum specific 
optical density values in two portions of the measuring range. Use of these 
standard materials does not obviate the need for following the calibration 
and standardization procedure outlined in this standard.

A.2 CONSTRUCTION DETAILS

A.2.1 Conical Heater Trouble Shooting

A.2.1.1 If the heater has failed by welding itself, it may also be 
necessary to replace the inner cone at the same time; thus, it is a good 
idea to maintain a spare.

If the fuse has blown in the power regulator, be sure to replace it only 
with a 25 A fuse of the "I2t" or "sub-cycle" type. Do not use normal 
cartridge fuses, since they are not fast enough to protect an electronic 
power controller adeguately.

A.2.1.2 Drift
The initial temperature/heat flux table should not be attempted until the
unit has been run by about a day’s worth of operation, including burning some
solid specimens Once these tables are made up, drift should be very slow.
A significant discrepancy from earlier values suggests problems in the
heater circuit, or a failure of the gage. Check the gage, as described
above.

A.2.1.3 Inability to reach high fluxes

Inability to reach the maximum 50 kW/m8 flux level usually indicates that a 
full 240 V AC is not available to the heater element, or that the connection 
is corroded at the heater. Take apart and clean this connection. Measure 
the voltage being delivered with the temperature controller being set to the 
maximum feasible value. If less than 240 V AC is indicated, check the house 
mains, the boost transformer, and the SCR power controller. If necessary, 
disconnect the signal line from the temperature controller and use a 
precision voltage source to apply to the maximum 20 V DC to the power 
controller. If a full 240 volts is obtained then, but not when using the 
temperature controller, test the temperature controller and double-check the 
wiring going to the power controller.

For a heater being used for the first time, this problem could also arise 
because an incorrect heater was installed, was improperly wound (there 
should be 8 1/2 turns of windings, evenly spaced), or was Improperly 
installed (there should be no gaps in between the layers, and the connector 
ends should be of about egual length).
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A.2.1.4 Erratic operation

Erratic operation usually indicates that one of the three cone thermocouples 
is failing. This can be determined by progressively removing their plugs 
one by one and noting when the problem disappears. This approach is 
feasible since the thermocouples are joined in parallel. Removing one of 
them still permits a reasonable measurement to be made, although with poorer 
representativeness.

A.2.1.5 Non-uniform heating

When viewing an operational heater from the specimen's position, a uniform 
glow should be seen. It should be noted that there should be no gaps, and 
no turns of the coil must have jumped out of their normal position. If 
irregularities are noted, it may be possible to remove the coil and gently 
straighten these portions. If this does not alleviate the problem, a new 
coil must be fitted.

A.2.1.6 The heater is dead

This may be due to a failure of any number of components: the temperature
controller, the power controller, the heater element itself, the wiring, or 
the power circuit which supplies the 240 V to the power controller. 
Controllers can be checked out one-by-one by determining that their input 
and output voltages are reasonable. Heater element failure can be subtle or 
dramatic. A subtle failure may result from a corrosion of the contacts, or 
a broken contact slightly inside the element itself. A dramatic failure 
occurs when the heater fails by arc-welding itself. This is very similar to 
a corresponding failure on an electric oven heating element.

The heater is generally very long-lived and tends to die only from obvious
damage.____One source of damage to guard against is the deposition of
substances evolved from the burning specimen. If any specimen is being 
burned which is ejecting material that gets deposited on the coils in a
substantially thick layer, heater failure is likely to occur._____(Some
silicone products have been seen to do this) . This is because the place 
where the buildup has occurred creates a zone of over-heating on the coils. 
Specimens which show this type of behaviour cannot be tested in the
orientation (horizontal or vertical) that exhibits this problem.

A.2.2. Heater Replacement

A.2.2.1 A heater element may need to be replaced either because its

has burned out . To replace, dissemble the
_— nr_
cone assembly and remove the

heater. Check the thermocouples at the same time. This is a good time to
replace any dubious thermocouples. Check that *the refractory packing
between the outer and the inner cones is in good shape and has not dropped
to the bottom. Replace if necessary. When inserting a new heater, check
that the heater has been wound so that the two connector ends are of
approximately egual length. Fix the winding lengths if this has not been
done properly. When inserting the heater element into the slots in the
outer cone, it may be necessary to slightly bend the ends into a curve in
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order to be able to insert it. Do this carefully with a pair of gripper
pliers. When the heater is installed, bend back the ends carefully to be
straight. Do not grip the heater element by the electrical connectors in
doing this; rather, grip the heater surface itself. Check that all the
heater turns are smooth, without visible gaps. Check that the top winding
is centered as well as possible in the top cone hole. Re-connect and re-
insulate the electrical connection.

A.2.3 Temperature Controller

A.2.3.1 The temperature controller for the heater shall be capable of
holding the element temperature steady to within ± 2 °C. A suitable system 
is a 3-term controller (proportional, integral and derivative) and a 
thyristor unit capable of switching currents up to 25 A at 240 V. The
controller should have a temperature input range of 0-1000 °C, a set scale
capable of being read to 2 °C or better and automatic cold junction 
compensation.

The thyristor unit should be capable of the zero crossing and not of the 
phase angle type. A desirable feature is a control which, in the event of 
an open circuit in the thermocouple line will cause the power to fall to
near the bottom of its range.

The heater temperature shall be monitored by a meter capable of being read 
to ± 2 °C or better; it may be incorporated into the temperature controller 
or separate.

A. 2. 4 Specimen Holder

A.2.4.1 The specimen holder shall conform in shape and dimension to Fig■ 6 
and be fabricated by bending and brazing (or spot welding) 0.6 mm thick 
stainless steel sheet to provide a 38.1 mm depth, and to expose a 65.1 by 
65.1 mm specimen area. As described in 7.1.7, the holder shall have top and 
bottom guides to permit accurate centering of the exposed specimen area in 
relation to the conical heater. A 76.2 by 76.2 mm sheet of 12.7 mm
insulation millboard, having a nominal density of 850 ± 170 kg/m3 shall be 
used to back the specimen. A spring bent from approximately 0.25 mm thick 
phosphor-bronze sheet shall be used with a steel retaining rod to securely 
hold the specimen and insulation millboard in position during testing.

A.2.5 Photometric System

A.2.5.1 The photometric system shall consist of a light source and
photosensitive element as defined in 7.1.7. The system shall be as shown in 
Figs. 7 and 8. The window in the chamber floor through which the light beam 
passes shall be provided with a ring-type electric heater mounted on the
underside of the window out of the light path. The heater maintains the 
minimum window temperature at 32 °C on the inner surface of the window to 
minimize smoke condensation. The collimated beam inside the chamber shall 
have a path length of 914 ± 3 mm diameter (see Annex Al) . A typical
photomultiplier photometer system will require a high-voltage DC power 
supply and a neutral density filter of sufficient optical density to produce 
a convenient signal level for the indicator or recorder. The photometer
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system used shall be capable of permitting the recording of reliable optical 
densities of at least 6.0, corresponding to transmittance values of 10.0001% 
of the incident light (see Appendix X2).

The two optical platforms and their housings shall be kept in alignment with 
three metal rods, 12.7 mm in diameter, fastened securely into 7.9 mm thick 
externally mounted top and bottom plates and symmetrically arranged about 
the collimated light beam.

A.2.6 Spark Ignition

A.2.6.1 The use of spark ignition was preferable to a gas pilot since an 
electric spark does not impose a localized heat flux to the specimen surface 
and is easier to control and maintain. A commercial furnace-type spark plug 
is used. The geometry adopted permits the plug to be mounted outside the 
fire plume while the spark gap is located directly over the middle of the 
specimen. If a spark plug remains in the fire plume during the whole 
combustion period, large soot streamers accumulate on the electrodes. 
Further, electrode life is reduced from prolonged heating. Thus a sliding 
mechanism was designed. The cone is equipped with two slotted brackets, one 
for horizontal orientation and one for vertical orientation. The spark plug 
is mounted into the appropriate bracket and lightly screwed down. The slide 
also retains a 10 k series resistor, inserted in the HV line to minimize 
electromagnetic interference to the instrumentation. The length of the 
bracket permits the spark plug to be fully withdrawn from the fire, using a 
handle, as illustrated in Figs. 9 and 10, attached to the sample mover knob. 
The slide material was chosen to provide smooth travel, withstand elevated 
temperatures and provide electrical insulation. The spark power is supplied 
from a 10 kV transformer. Spark plug height is 13 mm above the center of a 
horizontal specimen and approximately 5 mm above the face plane of a 
vertical specimen.

A.2.7 Chamber pressure regulator

A.2.7.1 A suitable pressure regulator may consist of an open water-filled 
bottle and a length of flexible tubing, one end of which is connected to a 
sampling port on the top of the chamber. The other end of the tubing is 
inserted 100 mm below the water surface. The bottle should be located at or 
below the floor level of the chamber to avoid back-siphoning.
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Table A.1.1 Correction values for range extension 
filter ND-2 filter correction factors

Qrriffll TVirf*r .-M niiim  n Optical D aaky 
a f fe N D  Fife , 

tap FJP-J)
â ffe N D F il-  *-A " OHMiOBfo»

«M,%T •o rio le 1km,%T •V irk S a h -

SI M l ♦27 SI 139 -1
S3 X » ♦25 92 131 -3
S3 X II ♦24 S3 137 -4
34 XI7 ♦22 54 1363 -3
S3 X li ♦20 33 136 -6
S i AI4 ♦19 96 133 -7
r X13 ♦17 • 37 134 • —6
SI XI2 ♦15 31 1333 -9
S9 X II ♦  14 99 133 -K )
40 XIO ♦13 <0 132 - I I
41 X09 ♦11 «1 131 -12
42 AM ♦10 <2 1303 -13
43 X06 ♦1 63 130 -M
44 AM ♦7 64 130 -M
43 AOS ♦6 63 139 -13
46 AM ♦3 66 131 -16
47 X03 ♦3 67 137 -17
41 AQ2 ♦2 61 1363 - I I
49 XOI ♦  1 69 136 -19
30 A00 0 70 133 -20

* CMim îo m  aie lo to  qppüad lo f e  A  «sla«i «qatvakai le lhe (LOI idOlOOI * ra * 4  0301 le 030001

APPENDICES
ADDITIONAL CALCULATIONS

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

- maximum rate of increase in specific optical density
minute, measured over any 2 min. period, or 2 min. from 

the start of the test.

Tlt - time to reach D,, = 16 (T=75%), or other smoke level.
This is a simple measurement of initial smoke generation.

SOI - an abbreviation for the smoke obscuration index and 
incorporates the effects of total smoke, generation rate, 
and time to reach D, « 16. It is calculated as follows:
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SOI =  ( D J 2__  ( 1 + 1 + 1
2000tl6 (t0 3~tQ j t0,5 —10 3 to.l̂ O.S

+ 1 )

where t0 lf t0 ,, etc, indicate the time in minutes at which the smoke 
accumulation reaches 10, 30, etc. % respectively, of the maximum density Dn.
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X2 Tabular Conversion of percent transmission to 
Specific Optical Density where G-132

*

P A R A M E T E R S
A N D

T R A N S M I T T A N C E
R A N G E

* T 0 1 2 3 4 6 • 7 • •

S P E C I F I C  O P T I C A L  D E N S I T Y  (D $)

M U L T I P L I E R :  1 0 0 90 0 S 6 4 4 3 2 2 1 1

« n t h  N D - 2  F i l t t r 1 0 13 1 2 11 11 10 0 0 0 7 7

70 20 2 0 I S 1 8 1 7 16 16 15 14 14

SO 29 2 8 27 26 2 6 2 5 24 23 2 2 21

1 0 0  t o  1 0  % T SO 4 0 39 37 3 6 3 5 34 33 32 31 3 0

« 0 S3 S I 60 4 8 4 7 4 6 4 5 4 3 4 2 41

30 S 9 6 7 6 5 « 4 6 2 6 0 69 57 6 5 6 4

20 9 2 0 9 67 0 4 0 2 79 77 75 73 71

10 1 3 2 1 2 7 1 2 2 1 1 7 1 1 3 1 0 9 1 0 5 1 0 2 1 » * 5

M U L T I P L I E R :  1 0 9 0  > 1 0  1 1 3 1 1 3 7 1 3 7 1 3 6 1 3 6 1 3 5 1 3 4 1 3 4 1 3 3 1 3 3

« r i th  N D  2  F i l t e r 1 0 1 4 5 1 4 4 1 4 3 1 43 1 4 2 141 141 1 4 0 1 3 9 1 3 9
7 0 1 S 2 1 5 2 151 ISO 1 4 9 1 4 6 1 4 9 1 4 7 1 4 6 1 4 6

SO 161 1 6 0 1 5 9 1 6 8 1 5 8 1 6 7 1 5 6 1 5 5 1 5 4 1 5 3

1 0  t o  1 % T SO 1 7 2 171 1 6 9 1 68 1 6 7 1 6 6 1 6 5 1 6 4 1 6 3 1 6 2
4 0 1 0 5 1 8 3 1 8 2 1 8 0 1 7 9 1 7 8 1 7 7 1 7 5 1 74 17 3

30 201 1 9 9 1 9 7 1 9 6 1 9 4 1 9 2 191 1 6 9 1 8 7 1 8 6
■ 20 2 2 4 22 1 2 1 9 2 1 6 2 1 4 211 2 0 9 2 0 7 2 0 5 2 0 3
1 0 2 6 4 2 5 9 2 5 4 2 4 9 2 4 5 241 2 3 7 2 3 4 2 3 0 2 2 7

M U L T I P L I E R :  1 9 0  « 1 0  2 2 7 0 2 6 9 2 6 9 2 6 8 2 6 8 2 6 7 2 6 6 2 6 6 2 6 5 2 6 5
« n t h  N D  2  F i l t e r SO 2 7 7 2 7 6 2 7 5 2 7 5 2 7 4 2 7 3 2 7 3 2 7 2 271 271

70 2 S 4 2 S 4 2 6 3 2 8 2 2 81 2 8 0 2 8 0 2 7 9 2 7 8 2 7 8

SO 2 9 3 2 9 2 291 2 9 0 2 0 0 2 8 9 2 8 8 2 6 7 2 8 6 2 8 5
1 t o  0 .1  % T so 3 0 4 3 0 3 301 3 0 0 2 9 9 2 9 8 2 9 7 2 9 6 2 9 5 2 94

4 0 3 1 7 3 1 5 3 1 4 3 1 2 311 3 1 0 3 0 9 3 0 7 3 0 6 3 0 5

30 3 3 3 331 3 2 9 3 2 8 3 2 6 3 2 4 3 2 3 321 3 1 9 3 1 8
20 3 5 6 3 5 3 351 3 4 8 3 4 6 3 4 3 341 3 3 9 3 3 7 3 3 5
10 3 9 6 391 3 8 6 361 3 7 7 3 7 3 3 6 9 3 6 6 3 6 2 3 5 9

M U L T I P L I E R :  .1 9 0 »  1 0  3 4 0 2 4 0 1 4 0 1 4 0 0 4 0 0 3 9 9 3 9 8 3 9 8 3 9 7 3 9 7
w ith  N D  2  F i l t e r 90 4 0 9 4 0 8 4 0 7 4 0 7 4 0 6 4 0 5 4 0 5 4 0 4 4 0 3 4 0 3

70 4 1 6 4 1 6 4 1 5 4 1 4 4 1 3 4 1 2 4 1 2 4 1 1 4 1 0 4 1 0

SO 4 2 5 4 2 4 4 2 3 4 2 2 4 2 2 4 2 1 4 2 0 4 1 9 4 1 8 4 1 7
0 .1  t o  0 .0 1  % T so 4 3 6 4 3 5 4 3 3 4 3 2 4 3 1 4 3 0 4 2 9 4 2 8 4 2 7 4 2 6

4 0 4 4 9 4 4 7 4 4 6 4 4 4 4 4 3 4 4 2 4 4 1 4 3 9 4 3 8 4 3 7

30 4 6 5 4 6 3 4 61 4 6 0 4 5 8 4 5 6 4 5 5 4 5 3 4 5 1 4 5 0
20 4 8 6 4 8 5 4 8 3 4 6 0 4 7 8 4 7 5 4 7 3 4 7 1 4 5 9 4 6 7
10 5 2 8 5 2 3 6 1 6 6 1 3 6 0 9 6 0 5 601 4 9 8 4 9 4 4 91

M U L T I P L I E R :  1 9 0 »  1 0 4 S 3 4 5 3 3 6 3 3 6 3 2 6 3 2 631 6 3 0 6 3 0 6 2 9 6 2 9
« e it h o u t  N D - 2  F i l t e r SO 541 5 4 0 5 3 9 6 3 9 6 3 8 5 3 7 5 3 7 6 3 6 $ 3 5 5 3 5

70 5 4 8 5 4 8 5 4 7 M 6 6 4 5 6 4 4 5 4 4 6 4 3 5 4 2 5 4 2

6 0 S 5 7 5 5 6 5 5 5 5 54 55 4 5 5 3 5 5 2 651 5 5 0 5 4 9
0 . 0 1  t o  0 . 0 0 1  V T SO 5 6 8 5 6 7 6 6 5 5 6 4 6 6 3 5 6 2 561 5 6 0 5 5 9 5 5 8

4 0 581 5 7 9 5 78 67 6 6 7 5 5 7 4 6 7 3 571 5 7 0 5 6 9

30 S 9 7 5 9 5 5 9 3 ’ 5 9 2 6 9 0 6 8 8 5 8 7 5 8 5 5 8 3 5 6 2
20 6 2 0 6 1 7 6 1 5 6 1 2 6 1 0 6 0 7 6 0 5 6 0 3 6 01 5 9 9
10 6 6 0 6 5 5 6 5 0 6 4 5 6 41 6 3 7 6 3 3 6 3 0 6 2 6 6 2 3

M U L T I P L I E R :  .1 9 0 »  1 0  s 6 6 6 6 6 5 S 6 5 S S 4 6 6 4 6 6 3 6 6 2 6 6 2 6 61 6 61
w i t h o u t  N D - 2  F i l t e r SO 6 7 3 6 7 2 6 71 6 71 6 7 0 6 6 9 6 6 9 6 6 8 6 6 7 6 6 7

70 6 8 0 6 8 0 6 7 9 6 7 8 6 7 7 6 7 6 6 7 6 6 7 5 6 7 4 6 7 4

SO 6 8 9 6 8 8 6 8 7 6 8 6 6 8 6 6 8 5 6 8 4 6 8 3 6 8 2 681
0 . 0 0 1  t o  0 . 0 0 0 0 1  % T SO 7 0 0 S 9 9 6 9 7 6 9 6 6 9 5 6 9 4 6 9 3 6 9 2 6 91 6 9 0

4 0 7 1 3 711 7 1 0 7 0 8 7 0 7 7 0 6 7 0 5 7 0 3 7 0 2 701

30 7 2 9 7 2 7 7 2 5 7 2 4 7 2 2 7 2 0 7 1 9 71 7 7 1 5 7 14
2 0 7 5 2 7 4 9 7 4 7 7 4 4 7 4 2 7 3 9 7 3 7 7 3 5 7 3 3 731
10 2 0 2 7 8 7 7 8 2 7 77 7 7 3 2 6 9 7 6 5 7 6 2 7 5 4 7 6 5
0 0 0 2 4 0 8 5 861 0 4 5 0 3 2 021 0 1 2 M S » •
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X3. COMMENTARY

X.3.1 Introduction
X.3.1.1 The smoke density chamber test was developed at the National Bureau 
of Standards and was first described in an ASTM research symposium in 1967 . 
Since that time, there have been numerous publications reporting on its 
application and on studies of the correlation of results of interlaboratory
tests through its use (2,3,4,5,6,7,8).

X.3.1.2 The ASTM E662 test method provided a sealed smoke collection
'~ham̂ »r, provisions for only one side of the specimen being exposed to the
radiant heat, a vertical photometer, and the results of smoke measurements
reported in terms of specific optical density. In addition to the above the
advantaaes provided by the use of a conical shaped heater to this test
method include: (1) a temperature controlled heater provides more uniform
radiation to the specimen surface; (2) specimen testing is permitted in
vertical and horizontal orientation; (3) simultaneous mass measurements are
provided bv a water cooled load-cell; (4) irradiance levels can be set from
0 to 50 kW/m2; (5) time to sustained flaming; (6) data acguisition provides
direct electronic output of smoke obscuration in logarithmic units; (7)
snark ionitor is not a gas pilot therefore additional localized heat flux to
the specimen surface is minimal; (8) improved test reproducibility; (9) data

X3.1.3 Measurements made with the test relate to light transmission 
through smoke. No means are provided for 'predicting the effect of eye 
irritants in further limiting visual range. Limited information suggests 
that eye irritants might further reduce vision by 50 to 95%.

X.3.2 Features of Test Method
X.3.2.1 Four exposure conditions are simulated by the test: (1) radiant 
heating in the absence of ignition, (2) an open flaming combustion of the
specimen in the presence of supporting radiation, (3) specimen in the
vertical orientation and (4) specimen in the horizontal orientation. These 
four conditions were selected as representative of the types of fire 
involvement of a product. The range of irradiance levels was selected so as 
to allow for the simulation of conditions for the pyrolysis of most
materials without self-ignition. Initial stages of a fire, as well as
conditions which would exist in a compartment after flashover can be 
simulated.
X3.2.1.1 The basis of selection of a specimen irradiance level was discussed 
in X3.2.1. A further comment on the uniformity of irradiance across the 
specimen surface seems desirable. From a scientific viewpoint, it would be 
desirable to have constant irradiance over all portions of the specimen. It 
is for this reason that a conical-shaped heater is used. This heater 
provides uniform radiation within the central 50 x 50 mm area of the 
specimen provided the heater edge is placed at a distance of 31 mm from the
specimen surface._____In the horizontal orientation the conical shape
approximately follows the fire plume contours, while the central hole allows 
the stream to emerge without impacting on the heater. The central hole has 
a further function: without it the middle of the specimen would receive
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higher irradiance than the edges. With the hole the irradiance is uniform 
to within ± 2 % in the horizontal orientation and to within ± 10 % in the 
vertical orientation. The average irradiance specified in the teat method 
is that measured by the radiometer described in this standard.

X3.2.2 The primary measurement made during the conduct of the test is the 
amount of light transmitted as a fraction or percentage of the initial light 
transmitted by the optical system. The minimum % light transmitted value 
is, in turn, used to calculate, in accordance with 12.1 of the test method, 
the maximum specific optical density, DB, value. There is considerable 
advantage to using specific optical density as a value by which to evaluate 
results as compared to using percent light transmittance.

X3.2.2.1 The use of this unit of smoke measurement is based on Bouguer's law 
of light attenuation which is expressed as follows:

t = t;-*1
where :

T = % flux transmittance,
T0 = 100, the initial transmitted flux,
C = attenuation coefficient 
L = length of the optical path

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

d = log(100/T) = (CTT/2.303)

X3.2.2.2 While the smoke produced from fire usually does not meet the 
requirement of a monodispersed aerosol, it has been found to behave in a 
photometric manner such that, for engineering purposes, optical density may 
be considered to be roughly proportional to the smoke particulates produced. 
The measurement unit, specific optical density, D, has been introduced to 
provide a conveniently factored rating scale as follows:

D. = (V/AL) d

= (V/AL)log(100/T)

where (V/AL) = 132

X3.2.2.3 Certain other test methods report smoke simply in terms of light 
transmission. The problem with such a procedure is that one not familiar 
with the characteristics of smoke aerosols might assume that the percent 
light transmittance is a reciprocal, linear function of the quantity of 
smoke produced. That is, making the assumption that as the quantity of 
smoke produced is doubled, the percent light transmittance is cut in half. 
This is incorrect.
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X3.2.3 The concept of specific optical density, while old in terms of 
chemical photometric practice, was first introduced for measuring smoke as 
part of the smoke density chamber test method. It is based on Bouguer's law 
and permits reporting smoke development in terms that recognize the*area of 
specimen involved, the volume of the box, and the optical path length of the 
photometer. Specific optical density is without dimension, but its value 
must be recognized as relating to the specimen only in the thickness tested. 
In theory, it has the unique advantage of providing a basis for estimating 
the smoke optical density or light-obscuring properties of smoke that can be 
developed by the same product in other fire-involved areas, different light 
paths, in another enclosure volume, on the assumption of uniform smoke-air 
mixing and under similar fire exposure conditions11. At the present time, 
techniques for making these estimates have not been developed to a practical 
stage because of (1) variations in types of fire exposure, (2) the rate of 
involvement of a material in a fire, (3) the ventilation characteristics of 
the compartment, and (4) the degree of stratification of the accumulated 
smoke. These are, in most instances, undetermined variables which greatly 
influence light transmission through smoke resulting from a fire.

X.3.2.4 Pilot Ignition

X.3.2.4.1 Ignition of test specimens in many apparatuses is achieved by gas 
pilot. This tends to have numerous difficulties: sooting, deterioration of 
orifices, and contribution to the heat release. It is difficult to design a 
pilot which can be centrally located over the specimen, is resistant to 
blow-out, and yet does not apply an additional heating flux to the specimen. 
(A point of elevated heating on the specimen makes it difficult to analyze 
mathematically the response of the specimen). An electric spark is free 
from most of these difficulties, reguiring only an occasional cleaning and 
adjustment of the electrodes. For these reasons, an electric spark ignition 
was adopted.

X3.3 Factors Influencing the Test

X3.3.1 During development of the test method, many factors were considered 
that could influence the measurements. Some of the more important of these 
are mentioned and briefly discussed in the following paragraphs:

X3.3.2 It was observed that, in spite of significant thermal convection 
mixing, smoke near the top of the cabinet was obviously more dense. This 
fact was verified by experimental measurements. As a result, it was 
apparent that a vertical photometer would yield a much more representative 
measurement of smoke accumulation than would be provided by a horizontal 
unit at one position in the chamber.

X3.3.3 Experiments showed that the optical density of the accumulated 
smoke was sensitive to the spacing between the specimen face and the plane 
of the furnace opening. The experiments seem to suggest that the 
sensitivity was caused by two effects - close spacing caused more smoke to 
enter the furnace and become consumed there; on the other hand, it also 
reduced air circulation past the specimen and thus inhibited open flaming 
combustion. As a result, a separation of 31 mm ± 2 mm was selected for the
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purpose of standardization. If this spacing is not held, a small
systematic change should be expected in smoke measurement.

X3.3.4. The use of aluminum foil to wrap the back and edges of the specimen 
was introduced to provide better standardization because it was fotind that 
if smoke was allowed to leak out the back and edges of the specimen holder, 
the various ways this could occur introduced an undesirable variability in 
the measurements.

X3.3.5 Specimen testing should be performed in the orientation the test 
material will be used in its finished form ie: vertical orientation for 
interior wall finished products and horizontal orientation for floor/ceilinq 
lining materials.

X3.4 Precision

X3.4.1 In any method, one of the important considerations is the degree to 
which it, when applied to a given material, will yield constant results. 
Since this test results in destruction of the specimen, the results of any 
test to determine precision are affected not only by the random errors that 
might be inherent in the procedure but also by any variation in the 
properties of the replicate specimens. Thus, in studying the degree to
which experimental results can be repeated within a given laboratory, it is 
desirable to use a material from which specimens of uniform composition and 
dimensional characteristics can be prepared.

X3.5 Reporting of Results

X3.5.1 One of the obvious needs with a test method of this type is to 
consider ways in which the experimental data should be reported and used. 
Early draft versions of this standard contained a recommendation that a 
correction be applied to the measured Dm by subtracting the smoke deposit on 
the window following a test. In addition, the current version requires 
reporting Dm (corr). The reporting of Dm as a preferred measurement result 
is based on the following facts:

X3.5.1.1 The deposit remaining following a test represents a part of the 
smoke produced. Thus, it seems irrational to subtract this unless it can be 
shown that the deposit results from late accumulation following a peak smoke 
reading. The procedures of the test method seem to make this unlikely.

X3.5.1.2 Experience has shown that the determination of Tc used eventually to 
calculate D, (corr), is subject to variations in operator technique during 
the chamber venting procedure.

X3.5.1.3 The introduction of the correction, while not in itself a 
significant technical problem, suggests a technical sophistication that 
simply is not justified on the basis of intended use of the data. The 
effect of these facts was noticed during analysis of the round-robin 
experimental data. The results were found to be more consistent for the 
uncorrected data (DJ .
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X3.6 Limitations on Application of Smoke Measurement Data

X3.6.1 The smoke problems that develop during unwanted fires have been
recognized for many years. Fire fighters are faced with it daily in their 
work. However, three problems have tended to prevent application of
standards limiting the acceptability of materials or products on the basis 
of smoke production:

(a) The extent to which the smoke measurement assesses the smoke 
hazard (12).

(b) The lack of a well-defined measurement method which could 
be shown to provide a technically valid means for smoke 
characterization.

(c) Most materials or products, when burning, release large 
quantities of smoke, and there have been only limited ways 
of reducing smoke production.

X3.6.1.1 The first problem still exists, although there is a valid basis for 
consideration that this type of smoke measurement does in fact serve to 
measure the light attenuating properties of the smoke.

X3.6.1.2 The second problem has been partially alleviated with the 
development of the smoke chamber. However, it must be recognized that only 
a few of a wide range of fire exposure conditions are simulated by the test 
method. Thus any rank ordering of materials by the test must be recognized 
as only based on the fire exposure conditions applied and, in fact the test 
method develops different rankings depending upon whether a ranking is based 
upon the nonflaming exposure or the flaming exposure. All of the parameters 
that affect fire behaviour will influence the amount of smoke produced.

X3.6.1.3 The third problem still remains. If significant changes in smoke 
levels are to be expected when fire occurs it seems necessary to require 
large changes in Dm. To limit the type and size of fire that could develop, 
very severe limitations would have to be placed on smoke production of both 
the building finish material and the occupancy items, and comprehensive fire 
prevention and protection measures must be continually maintained.

X3.6.2 It is important to remember that for any given thermal exposure 
condition, the smoke produced when a fire occurs is related to the thickness 
and density of material involved. The importance of specimen thickness is 
well-illustrated in Fig. X3.1. The indicated deviations from a linear 
relationship of Dre with specimen thickness result from the increasing 
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 concentration develops.

X3.6.3 The smoke density chamber provides a means for characterizing smoke 
production with an accuracy far in excess of any application requirements 
that could be recommended. It also provides a means for reporting rate of 
smoke production, rate of mass loss, time to sustained flaming, and time at 
which specific smoke levels are reached under the test conditions applied. 
The original paper describing the test method (1) suggested one way these
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properties could be combined with D„ to yield a smoke obscuration index 
(SOI). Since then others have suggested refinement of the classification 
method. It seems that refinements such as these are only likely to be of 
aignificant value under the most carefully controlled fire safety 
conditions. *

Fig. X3.1 D. for Spruce as a Function of Specimen 
Thickness Under Nonflaming Conditions
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TRIP REPORT

International Conference on Fires in Buildings

Park Plaza Hotel, Toronto, Ontario
September 25 St 26, 1989 *

A.A. Cornelissen

The main focus of this conference was 1992 European harmonization of 
codes and standards. Although the majority of speakers were from
European communities, Canadian and American views were also presented.
The September 25 session dealt with the use of codes and standards for 
regulatory purposes. The British have identified "Regulators” as
intermediaries between scientists and consumers. Regulators are 
required to identify whether or not specific materials or components are 
hazardous enough to warrant special consideration and limits on its use. 
In effect, a regulator is not the master but merely the servant 
appointed with the duty to identify the levels of safety to which 
society wishes to conform and at what cost; be it monetary or in terms 
of convenience. Regulators believe that standards have to be set for 
different environments according to the fire and life risks they 
involve. This brings us to the role of harmonization and an ending to 
discrimination against materials based on their national method of 
assessment. The British believe that existing test methods should not 
be criticized, instead the criticism should be directed at those who use 
the tests for purposes which these tests are not capable of fulfilling. 
It is their opinion that the standard methods of test on which 
performance requirements are based should reflect the best interests of 
all concerned and not one particular aspect.
The second session dealt with new European methods of classifying 
building materials. One of the most promising developments is 
Wickstrom's use of the cone calorimeter to assess fire properties of 
materials. Uickstrom has validated quantitative predictions of fire 
performance of building products which were made on the basis of the 
cone calorimeter and simple mathematics. In addition he is in the 
process of classifying materials according to their performance in the 
cone calorimeter. It is the belief of many within the scientific 
community, that an acceptable engineering tool and testing technique 
developed for product classification and assurance of safety in society 
has been found.
At the request (made 12 years ago) of the Associate Committee for the 
National Building Code of Canada, Tsuchiya, from IRC, has been working 
on a new Canadian standard to determine the degree of combustibility for 
building materials. This new standard was to replace the existing 
standard of classifying materials as either combustible or non
combustible. Tsuchiya has been using a modified version of the Ohio 
State University (OSU) heat release apparatus, ASTM E906 standard. 
Modifications to the apparatus include addition of an oxygen measuring 
system and reduced air flow. The reduced air flow to the combustion 
chamber increases sensitivity of the heat release rate measurements. 
The specimen is tested in a vertical orientation and exposed to a fixed
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level of radiant heat. A burner with a single flame located at the 
bottom of the specimen is used for ignition purposes.

COMMENT: Richardson, at Forintek has also been working on the
development of a new standard to determine the degree of 
combustibility at the request of ULC. Richardson has been using 
the cone calorimeter instead of the OSU. Advantages of using the 
cone include specimen testing in both vertical and horizontal 
orientation, no modifications to the present standard proposal were 
required, wide use and acceptance of the cone as a bench-scale test 
method, more sensitive heat release rate measurements and data 
generated could be used for model input.

The second day of the conference concerned smoke and toxicity issues. 
Currently the British are studying whether or not the right problem in 
solving toxicity issues is being addressed. This concern has arisen 
because the number of fires has decreased but the number of fatalities 
has not. The general feeling is that modern materials evolve products 
which have a much greater toxic potency than traditional materials. 
This has led to the development and use of small scale tests geared 
towards evaluating toxic potency of products from materials and flagging 
those which generate extremely toxic combustion products. In most cases 
the toxic effects that have been observed can be explained in terms of a 
small number of common gases: carbon monoxide, carbon dioxide, hydrogen
cyanide, low oxygen hypoxia, acrolein and formaldehyde.
It has been theorized that the toxic hazard resulting from exposure to 
combustion products in any fire depends upon two major factors; the fire 
growth curve which affects the dose of toxic products, and the toxic 
potency of the products. Since toxic potency does not appear to be a 
major variable it follows that fire growth and the rate of toxic product 
evolution is the area at which future research efforts should be 
directed.

If toxic potency results are to be used as input data for full scale 
toxic hazard assessments users must be confident that the yields of 
toxic products evolved from bench scale use are substantially the same 
as those evolved at full scale. Unfortunately current predictive values 
of CO yields based upon bench scale tests compared with fully-furnished 
full-scale room fire tests are poor. It has been suggested that after 
the initial stages of a fire, the most important fire growth parameters 
are scenario dependant rather than material dependant.

Because of the above, the British feel that traditional ways of dealing 
with hazards from fire (ie Building Codes) have been shown to be 
inadequate. The British believe that the main problems associated with 
the use of standard reaction to fire tests are:

1) Furnace models used to represent real fires cannot be related to 
actual fires. This is being addressed.

2) LC50 values are too crude
3) Sub-lethal effects which may prevent escape should also be 

considered.
4) Tests do not address the problem of rate of fire growth and 

toxic yields which result in the production of a life
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threatening atmosphere.
5) Test methods do not normally permit testing of specimens in 

their end use configuration or in conjunction with other 
materials.

6) Test methods are not capable of assessing the environmental 
aspects of fires which influence escape; eg. building'design 
and fire protection measures.

7) The use of small rodents cannot be correlated with human 
subjects.

Their solution is application of an engineering approach where the 
latest advances in fire science can be brought to bear on specific 
problems rather than reliance on results from standard reaction to fire 
tests.

The British Standards Institution (BSD has proposed a draft code of 
practice. The philosophy adopted in this code is that the ultimate 
hazard produced by toxic gases in fire is a function of other 
flammability properties as well as the toxic potency. The code of 
practice uses a stepwise approach to the assessment of hazard. The 
steps are as follows:

a) define the circumstances - use of building, transport systems 
in terms of number of occupants and activities and escape 
procedure

b) assess likelihood of each chosen scenario occurring - use three 
tier assessment i) likely to occur, ii) unlikely to occur, and 
iii) very unlikely to occur

c) describe the early local growth of fire - may be smoldering or 
flaming, information obtained from reaction to fire tests, or 
mathematical modelling

d) describe developed burning - rate of mass loss, yields of toxic 
products, modes of transport - information obtained from large 
scale tests or computer models

e) define toxicity - involves knowledge of biological doses needed 
to produce incapacitation or death

f> draw together previous steps to describe the probable fire and 
life threat

g) report - make results of assessment available to those who have 
the power to implement necessary changes at each stage and 
effect improvements

The above suggests the need for a new set of priorities for research 
into life threat hazards in fire. Future research programs need to be 
formulated which address these issues.

The American viewpoint regarding toxicity is that the methodology for 
the prediction of the toxic effects of fire effluents has made 
considerable progress. However, it is still very much in a 
developmental stage. Several models have been proposed, each with
reasonably credible applications but each with considerable limitations. 
It has been suggested that the assessment of smoke toxicity from 
analytical data could obviate the use of live animals in bioassay 
methodology and provide an estimation of time to development of a toxic 
hazard in either real or simulated fire scenarios.
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The development of toxic hazards may be estimated from concentration 
(mass - burned - time) profiles and toxic potency values of smoke 
produced from the materials involved. Leading toxicologists have 
suggested that the toxicity model developed many years ago by Tsuchiya 
at NRC was developed before its time and with no data base. This 
conclusion was based on the publication of data employing a similar 
model developed at Southwest Research Institute but input into the NRC 
model resulting in very similar results.

NOTE: Cornelissen used the NRC model in one of her reports dealing
with the production of combustion gases, to determine toxic 
indexes.

The ultimate goal in fire research is to increase the level of 
fire safety. It is through the use of techniques such as fire 
hazard and fire risk assessment models, which encompass all 
aspects of fire performance of materials, that this can most 
economically be achieved. Another reason for shifting the focus 
of fire research towards fire hazard and fire risk assessment 
models is to facilitate the transition from prescriptive type 
building codes to performance type codes. Fire hazard 
assessment calculates or measures the potential for harm created 
by the addition of a new material in a fire environment. Risk 
assessment computes the probability of fire loss within a 
specified period. In order for wood products to remain 
competitive, research energies must be directed along similar 
lines so that a data base is available from which data could be 
directly input into these models.
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