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Abstract 

Wood belongs to the natural bio-composites of plant origin containing cellulose, hemicelluloses, lignin 

and other compounds. When exposed to fire or any other high intensity heat sources, wood, being a 

natural polymer, is subject to thermal decomposition (pyrolysis) and combustion depending on the 

environmental conditions. Combustion accompanied by heat release and chemiluminescence occurs when 

wood is in direct contact with air and with a physical, chemical or microbiological stimulus associated 

with heat release. There are increasing concerns about the fire performance of engineered wood products 

(EWP) and wood composite products such as oriented strand board (OSB), particleboard (PB), medium 

density fiberboard (MDF) and high density fiberboard (HDF) panels. Wood composite panels, like 

structural wood products, should have certain fire retardant properties with respect to both safety and the 

environment. It is believed that this issue will get more attention in the near future as environmental 

regulations are developed and the requirements of end-users change. 

 

A Canadian Forest Service (CFS) project in the Composites Program, entitled “Development of Fire 

Retardant Composite Panels (Project No. 5764),” was initiated in 2007. The aim of the project is to 

develop fire retardant OSB panel and low-density fiberboard (FB) through the modification of wood 

furnish and/or adhesives using fire retardants and nano materials, and to improve the fire performance of 

panel surface coatings by using fire retardant coatings and paints. As part of the project deliverables, a 

series of literature reviews on different aspects of fire performance for wood and composite wood 

products has been conducted. So far, two literature review reports have been issued: Part I. Fire-

Performance Requirements for Composite Wood Products and Standard Fire Tests for Demonstrating 

Compliance with those Requirements - Literature Review and Part II. Proprietary Fire Retardant Treated 

Wood and Composite Wood Products - Literature Review. In this current report (Part III), the literature 

review was focused on describing a number of small-scale fire tests that can be used for research and 

development purposes as alternatives to the standard fire tests referenced in building codes in Canada and 

the United States. 

 

The literature review was conducted by Mr. Leslie R. Richardson, retired senior research scientist and 

Group Leader of Building Systems – Fire Program of FPInnovations – Forintek Division. It is believed 

that this literature review will be an invaluable guide for acquiring information on fire performance 

requirements and standard fire test methods for wood and composite wood products. The full literature 

review is available in Appendix.  
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Abstract 

The 2007/2008 National Research Program for FPInnovations – Forintek Division Eastern Region 
Composite Products Department (Forintek) includes a project on development of fire retardant composite 
panels [Forintek Project No. 5764-600E].  A crucial activity identified for this project in 2007-2008 is to 
review published literature about fire performance requirements for fire retardant treated lumber, 
plywood, oriented strand board, particleboard, fibreboard, and low-density fire retardant fiberboard panels 
used as interior ceiling finish, and standard fire tests used to demonstrate compliance with those 
requirements. 
 
This report is intended to assist Forintek in meeting the 2007-2008 objectives for this project by 
describing a number of small-scale fire tests which can be used for research and development purposes as 
alternatives to the standard fire tests referenced in building codes in Canada and the United States.       
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1 Project Objectives 
To deliver to Forintek a report identifying fire performance requirements in Canada and the United States 
for wood and wood-based building products, oriented strand board (OSB), hardboard (HB), fibreboard 
(FB), low-density fiberboard panels suitable for use as interior ceiling finish, and other composite wood 
products used in construction of buildings, and the standard fire tests specified in Canada and the United 
States for demonstrating compliance with those requirements. 
 
 

2 Project Background 
The 2007/2008 National Research Program for FPInnovations – Forintek Division Eastern Region 
Composite Products Department (Forintek) includes a project on development of fire retardant composite 
panels [Forintek Project No. 5764].  The project statement lists two key objectives: development of fire 
retardant oriented strand board (OSB) panels, and development of low-density fire retardant fiberboard 
(FB).  A crucial activity identified for this project in 2007-2008 is to review published literature about fire 
performance requirements for these products, standard fire tests used to demonstrate compliance with 
those requirements, existing fire retardant OSB, HB, FB and other composite wood products, and the 
identification of new processes, procedures and methods for manufacturing such fire retardant products.  
Priority was assigned to the development of low-density fire retardant fiberboard panels suitable for use 
as interior ceiling finish/coverings by the Project Leader, Xiang-Ming Wang.   
 
This report is intended to assist Forintek in meeting the 2007-2008 objectives for this project by 
describing a number of small-scale fire tests which can be used for research and development purposes as 
alternatives to the standard fire tests referenced in building codes in Canada and the United States.     
 
 

3 Staff 
Leslie R. Richardson  Senior Scientist and Report’s Author 
Jean L. Richardson  Office Assistant 
 
 

4 Background  
The model building code in Canada is the National Building Code of Canada 2005 (NBC).  The principal 
model building code in the United States is the International Building Code 2006 (IBC).  
 
Articles 3.1.12.1. Determination of Ratings [Flame-Spread Rating and Smoke Developed Classification] 
and 9.10.3.2. Flame Spread Ratings in the NBC require flame-spread ratings and smoke developed 
classifications of materials, assemblies, or structural members to be determined on the basis of not less 
than three tests conducted in conformance with CAN/ULC-S102 Test for Surface Burning Characteristics 
of Building Materials and Assemblies.  Article 3.1.4.4. states that if fire-retardant-treated wood is 
specified in the NBC, the wood shall be pressure impregnated with fire-retardant chemicals in 
conformance with CSA O80 Series, “Wood Preservation” and have a flame-spread rating not more than 
25.   
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Section 803.1 in the IBC requires interior wall and ceiling finishes to be classified in accordance with 
ASTM E 84 Test Method for Surface Burning Characteristics of Building Materials.  Section 2302.2 of 
the IBC describes fire-retardant treated wood as any wood product which, when impregnated with 
chemicals by a pressure process or other means during manufacturing, shall have a flame-spread index of 
25 or less when tested in accordance with ASTM E 84 and show no evidence of progressive combustion 
when the test is continued for an additional 20 minute period of time.   
 
Articles 3.1.7.1. Determination of (fire-resistance) Ratings and 9.10.3.1. Fire-Resistance and Fire-
Protection Ratings in the NBC require fire-resistance ratings to be determined on the basis of the results 
of tests conducted in conformance with CAN/ULC-S101 Fire Endurance Tests of Building Construction 
and Materials.  Section 703.2 in the IBC specifies that fire-resistance ratings of building elements to be 
determined in accordance with the test procedures set forth in ASTM E 119 Test Methods for Fire Tests of 

Building Construction and Materials.  Technically, ASTM E 119 and CAN/ULC-S101 are essentially 
identical.  Fire exposures are defined in terms of a temperature-time curve which is to be maintained 
within test furnaces during tests.   
 

Specimens for CAN/ULC-S102 and ASTM E 84 tests are approximately 535-mm wide and 7.47-m long.  
Both standards require the tests to be conducted in triplicate.  The cost for these tests is about $800 per 
test (approximately $2400 for triplicate tests).  To minimize testing costs, it is common to test only one 
specimen for research and development purposes.  Even so, the cost and large specimen size render these 
tests impractical for many research and development purposes.   
 
It is important to note that ASTM E 119 and CAN/ULC-S101 evaluate entire assemblies of materials and 
not the individual components of those assemblies.  Wall specimens have an area of not less than 9.3 m², 
with neither dimension less than 2.75-m.  Floor-ceiling and roof constructions have an area of not less 
than 16.8 m², with neither dimension less than 3.66 m.  Depending upon the specific design being tested, 
costs for these tests range from about $10,000 to more than $60,000.  Certainly, these two tests are not 
practical for research and development purposes. 
 
This report describes standard small-scale fire tests which, though not recognized by building officials for 
acceptance of materials used in building construction, can prove useful for research and development 
purposes.     
   
 

5 Small-Scale Testing Methods – Surface Flammability 

5.1 ASTM D 3806-98 (2004) Standard Test Method of Small-Scale Evaluation of Fire 
Retardant Paints (2-Foot Tunnel Methods)  

This standard was originally developed to evaluate the surface flammability of a wide variety of building 
materials.  However after a number of years of experience with this test method, it was concluded that, 
except for evaluation of paints and coatings, the test method was not particularly useful for many 
materials.  It is the usual practice to conduct tests on five specimens.   

This test method determines the protection a coating affords its substrate and the comparative burning 
characteristics of coatings by evaluating the flame spread over the surface when ignited under controlled 
conditions in a small tunnel.  This establishes a basis for comparing surface-burning characteristics of 
different coatings without specific consideration of all the end-use parameters that might affect surface-
burning characteristics under actual fire conditions.  
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In addition to the experimental flame-spread rate, the weight of panel consumed, time of after-flaming 
and after-glow, char dimensions and index, and height of intumescence may be measured in this test.  

Test specimens are approximately 100-mm wide and 610-mm long.   

The test apparatus can easily be constructed in a laboratory machine shop.  Furthermore, additional 
thermocouples and other measurement devices can be incorporated into the test apparatus to assist in 
conducting tests and interpreting test results.  

5.2 ASTM E 69-02 (2007) Standard Test Method for Combustible Properties of 
Treated Wood by the Fire-Tube Apparatus 

This standard was originally developed, and is still being used, to evaluate the effectiveness of pressure 
impregnation treatments of wood materials with fire retardant chemicals.   

The purpose of this test method is to provide a relative measurement of the combustibility of fire-
retardant-treated wood specimens based on their percentage loss in weight under controlled fire exposure 
conditions. In addition, other possible data include rate of weight loss, time of flaming and after-glowing, 
increase in temperature, and maximum vertical flame progress. 

This test method is not sufficiently large scale to evaluate the suitability of a given treated product for 
building construction, but it is a convenient method to use for purposes of development or as a quality-
control test during manufacture. 

This test method has proven useful for evaluating comparative fire performance effectiveness of fire-
retardant chemicals and treatment formulations for wood and wood products. 

Test specimens are approximately 25-mm square and 915-mm long.   

The test apparatus can easily be constructed in a laboratory machine shop.  Furthermore, additional 
thermocouples and other measurement devices can be incorporated into the test apparatus to assist in 
conducting tests and interpreting test results. 
 

5.3 ASTM E 160-80 (Withdrawn in 1993) Test Method for Combustible Properties of 
Treated Wood by the Crib Test 

While this standard was withdrawn by ASTM in 1993, archival copies can still be obtained from ASTM.  
Because the test method is relatively simple to use and the test specimens are quite small (twenty pieces 
12-mm square by 75-mm long), the author has used this test method extensively for evaluation of the fire 
performance of wood materials.   

The test apparatus can easily be constructed in a laboratory machine shop.  Furthermore, additional 
thermocouples and other measurement devices can be incorporated into the test apparatus to assist in 
conducting tests and interpreting test results. 
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5.4 ASTM E 162-06 Standard Test Method for Surface Flammability of Materials 
Using a Radiant Heat Energy Source 

This standard was developed as a laboratory method for comparing the surface flammability of materials 
when exposed to a prescribed level of radiant heat energy and a small pilot flame.  The test results include 
both a flame-spread component and a heat-generation component which are combined into a flame-spread 
rating.   

This test method provides a laboratory test procedure for measuring and comparing the surface 
flammability of materials when exposed to a prescribed level of radiant heat energy. It is intended for use 
in measurements of the surface flammability of materials exposed to fire. The test is conducted using 
small specimens that are representative, to the extent possible, of the material or assembly being 
evaluated. (Example: in terms of their thickness, layering, and any potential substrate.)  

The rate at which flames will travel along surfaces depends upon the physical and thermal properties of 
the material, product or assembly under test, the specimen mounting method and orientation, the type and 
level of fire or heat exposure, the availability of air, and properties of the surrounding enclosure.    

Test Specimens are 150-mm by 460-mm in size.  Tests are conducted on at least four specimens.   

While the test apparatus might be constructed in a laboratory machine shop, it is necessary to purchase the 
radiant panel from a commercial supplier (cost about $1200).  Because this is a highly sophisticated 
apparatus, it is the usual practice to purchase the complete, ready-to-use device from an equipment 
supplier (cost approximately $50,000).  Many years ago Forintek purchased one of these devices.  
However, it has not been used in many years and would need extensive repair, including replacement of 
the radiant panel, before it could be used again.  Also, there is no one at Forintek with any experience in 
its use.   

5.5 ASTM E 1354-08 Standard Test Method for Heat and Visible Smoke Release 
Rates for Materials and Products Using an Oxygen Consumption Calorimeter  

This is the widely recognized cone calorimeter.  Test specimens are 100-mm square in size.  Five 
specimens must be tested under each set of conditions.  The results are expressed in terms of heat release 
rates, visible smoke release rates, total amount of heat generated, and total amount of smoke released.   

A number of years ago, Dr. Robert White at the USDA Forest Service Forest Products Laboratory in 
Madison, WI developed a simple algebraic equation which could be used to predict the ASTM E 84 
flame-spread rating of a material based upon its heat release when exposed to specific levels of heat (25, 
35 and 50 kW/m²) with spark igniter in cone calorimeter tests.  Dr. White demonstrated that this 
correlation was quite good for many wood and wood-based panel products.  The author has used it, with 
good confidence in the results, on a number of occasions. 

There are number of fire-growth models which predict performance of interior finish materials in standard 
corner room fire tests (NFPA 2006) based upon the results of ASTM E 1354 cone calorimeter tests.   
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This test method is used primarily to determine if the heat evolved in, or contributed to, a fire involving 
products of the test material. Also included is a determination of the effective heat of combustion, mass 
loss rate, time to sustained flaming, and smoke production. These properties are determined on small size 
specimens that are representative of those in the intended end use. 

This test method is applicable to various categories of products and is not limited to representing a single 
fire scenario.  

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

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

Specimens may be exposed to heating fluxes ranging from 0 to 100 kW/m2. External ignition, when used, 
is by electric spark. The normal specimen testing orientation is horizontal, independent of whether the 
end-use application involves a horizontal or a vertical orientation. The apparatus also contains provisions 
for vertical orientation testing; this is used for exploratory or diagnostic studies only. 

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

This is a very complicated and highly sophisticated testing apparatus.  The cost for a ready-to-use cone 
calorimeter, including data collection and analysis software, is in the range of $150,000.  Many years ago 
Forintek purchased a stripped-down version of a cone calorimeter.  However, it has not been used in 
many years and would need extensive repairs and the writing of new data collection and analysis software 
before it could be used again.  Also, because it has not been used in at least ten years, the oxygen analyzer 
would need to be replaced (approximate cost: $25,000).  Finally, users of this device must be highly 
skilled and very well trained.  There is no one currently working at Forintek that is capable of conducting 
these tests without extensive training.   
 
The costs for ASTM E 1354 tests (five specimens) when conducted at a commercial test laboratory is 
approximately $500 per set of specimens and test conditions (heat flux, specimen orientation and ignition 
source).   
 

5.6 ASTM E 2102-04a Standard Test Method for Measuring Mass Loss and 
Ignitability for Screening Purposes Using a Conical Radiant Heater 

This standard employs the cone calorimeter, without the gas and smoke analysis components, to 
determine rates of mass loss and ignitability of materials, including the minimum flux for ignition.  Over 
the last three or four years prior to retirement, the author successfully employed this test using Forintek’s 
stripped-down cone calorimeter in a number of studies for determination of the minimum fluxes for 
piloted and unpiloted ignition of wood materials.  However, there is no one still working for Forintek that 
is capable of conducting these tests.   
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This standard provides a means of measuring mass loss and ignitability, for screening purposes, from 
essentially planar materials, products, or assemblies (including surface finishes), exposed to controlled 
levels of radiant heating, with or without an external igniter. This test method is intended for screening 
purposes only. 

The principal fire-test-response characteristics obtained from this test method are those associated with 
mass loss from the specimens tested, as a function of time. Time to sustained flaming is also determined. 
Heat release may optionally be determined using thermopile measurements. 

The fire-test-response characteristics obtained from this test are best used for comparisons between 
materials with some similarities in composition or structure. 

The relationship between mass loss and heat release depends on the material, product, or assembly tested, 
and no universal formula exists for calculation of heat release using mass loss measurements.  

The fire-test-response characteristics obtained from this test method are also obtainable with the apparatus 
used in Test Method E 1354 (cone calorimeter) and in an applications standards of that equipment.   

The fire-test-response characteristics obtained by this test method are specific to the specimen tested, in 
the form and thicknesses tested and are not an inherent property of the material, product, or assembly.  

5.7 EN 13823 Single Burning Item (SBI) 

This standard fire test was specifically developed for regulation of the fire performance (flammability, 
heat and smoke release and ignitability) of building materials in Europe.  At this time there is only one 
laboratory in North America capable of conducting these tests, Southwest Research Institute (SwRI) in 
San Antonio TX.  However, several commercial fire testing laboratories including Underwriters 
Laboratories in Northbrook, IL and Underwriter’s Laboratories of Canada in Toronto intend to purchase 
the equipment.  There was some consideration by Carleton University of purchasing the equipment.  As 
shown in the illustration below, this is a very sophisticated testing device.   
 
The Single Burning Item (SBI) is a method of test for determining the reaction to fire behaviour of 
building products (excluding floorings) when exposed to the thermal attack by a single burning item (a 
sand-box burner supplied with propane). The specimen is mounted on a trolley that is positioned in a 
frame beneath an exhaust system. The reaction of the specimen to the burner is monitored instrumentally 
and visually. Heat and smoke release rates are measured instrumentally and physical characteristics are 
assessed by observation.  
 
In collaboration with researchers at SwRI, Forintek fire researchers conducted SBI tests on a number of 
fire retardant and non-fire-retardant treated lumber, plywood and panel products.  Correlation of SBI test 
results for those products, with the results of ASTM E 84 tests, were completed after the author retired.   
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Figure 1 EN 13823 Single Burning Item (SBI) Test Apparatus 

 

5.8 ASTM D 2863-06a Standard Test Method for Measuring the Minimum Oxygen 
Concentration to Support Candle-Like Combustion of Plastics (Oxygen Index) 

This small-scale laboratory fire test gives some indication of the flammability of materials by determining 
the concentration of oxygen in the environment around test specimens that is necessary in order for them 
to burn.  While it was originally developed for evaluation of plastic materials, it has been used by some 
researchers to evaluate the flammability of other materials, including wood products.  While the author 
has used it to evaluate fire retardant treated wood products, he was unable to relate the test results to 
performance in CAN/ULC-S102 tests.   
 
This test method provides for the measuring of the minimum concentration of oxygen in a flowing 
mixture of oxygen and nitrogen that will just support flaming combustion of plastics. Correlation with 
burning characteristics under actual use conditions is not implied. 

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

This standard describes a procedure for measuring the minimum concentration of oxygen, expressed as 
percent by volume that will just support flaming combustion in a flowing mixture of oxygen and nitrogen. 

This test method provides three testing procedures. Procedure A involves top surface ignition, Procedure 
B involves propagating ignition, and Procedure C is a short procedure involving the comparison with a 
specified minimum value of the oxygen index.   

This test method provides for testing materials that are structurally self-supporting in the form of vertical 
bars or sheets up to 10.5-mm thick. Such materials are solid, laminated or cellular materials characterized 
by an apparent density greater than 15 kg/m3. 
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Although this test method has been found applicable for testing some other materials, the precision of the 
test method has not been determined for those materials, or for specimen geometries and test conditions 
outside those recommended therein. 
 

5.9 Other Small-Scale Flammability Tests 

There are a number of other standard test methods for assessing the flammability of small test specimens.  
Most of these were developed for consumer textile products such as children’s clothing, nightwear, 
protective clothing for firefighters, mattress coverings and padding, bed covers, window dressings, etc.  
They might be adapted to assessing the flammability of single plies of veneers, but they are not capable of 
assessing the flammability of other wood building materials.   
 
 

6 Other Testing Methods for Fire Performance 

6.1 Fire Resistance Tests 

As noted previously, ASTM E 119 and CAN/ULC-S101 tests evaluate entire assemblies of materials and 
not the individual components of those assemblies.  There are no small-scale furnaces that can evaluate 
entire assemblies of materials.  Many years ago this author constructed a small test furnace at Forintek 
and used it to evaluate the fire resistance of specimens approximately 600 mm square (exposed area about 
400 mm square).  It could be used to evaluate the performance of single components of assemblies when 
exposed to the standard fire conditions described in CAN/ULC-S101 and ASTM E 119, but it could not 
examine the performance of combinations of components.  Also, structural loads could not be applied to 
the specimens during tests.  The National Research Council Canada Institute for Research in Construction 
(NRC) has a small furnace that can evaluate the performance of specimens up to 900 mm square (exposed 
area about 700 mm square) when exposed to the standard fire conditions described in CAN/ULC-S101 
and ASTM E 119.  Again, structural loads can not be applied to specimens during tests.  NRC has an 
“intermediate-scale” furnace which evaluates test specimens 2.4-m by 1.2-m in size when exposed to the 
standard fire conditions described in CAN/ULC-S101 and ASTM E 119.  These specimens can be entire 
assemblies.  Also, structural loads can be applied to specimens in this furnace.  However, those loads can 
not replicate the load-effects on wood-frame assemblies that are observed in full-scale fire resistance 
tests.  In fact it is impossible to replicate using small and intermediate-scale tests the load-effects 
observed in full-scale tests on wood-frame assemblies.  Costs for intermediate-scale fire resistance tests 
are approximately $7,500 per specimen.   
 

6.2 Accelerated Weathering  

The NBC specifies that if fire-retardant-treated wood is to be used in exterior applications, the wood must 
be tested for fire performance after first being subjected to an accelerated weathering test specified in 
ASTM D2898 Standard Practice for Accelerated Weathering of Fire-Retardant-Treated Wood for Fire 

Testing.   
 
There are no simple small-scale test methods for accelerated weathering of the specimens associated with 
the small-scale fire test methods described above.  Commercial weatherometers such as those at Forintek 
may be adapted for this purpose.  Also, researchers may, as I have done many times in the past, devise 
small spray systems to simulate the “rain” effects outlined in ASTM D 2898 but there is no method of 
ascertaining that these improvised methods equate to the accelerated weathering resulting from the 
procedures described in ASTM D 2898.   
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6.3 Small-Scale Tests for Assessing the Performance of Adhesives at Elevated 
Temperatures    

As a result of research carried out principally by FPInnovations, full-scale fire tests (CAN/ULC-S102 or 
ASTM E 84) must be conducted on all load-bearing, fire-rated wood-frame building assemblies 
constructed with composite structural wood products (e.g. fingerjoined lumber).  Several small-scale 
laboratory tests have been devised for quality-control and research and development purposes as 
alternatives to the full-scale fire resistance tests.  For additional information about these tests, readers are 
referred to a forthcoming paper by S.T. Craft, R. Desjardins and L.R. Richardson entitled: Development 
of Small-Scale Evaluation Methods for Wood Adhesives at Elevated Temperatures, to be presented at the 
10th World Conference on Timber Engineering in Japan.   
 
 

7 Conclusions 
The 2007/2008 National Research Program for FPInnovations – Forintek Division Eastern Region 
Composite Products Department (Forintek) includes a project on development of fire retardant composite 
panels [Forintek Project No. 5764-600E].  A crucial activity identified for this project in 2007-2008 is to 
review published literature about fire performance requirements for fire retardant treated lumber, 
plywood, oriented strand board, particleboard, fibreboard, and low-density fire retardant fiberboard panels 
used as interior ceiling finish, and standard fire tests used to demonstrate compliance with those 
requirements. 
 
This report is intended to assist Forintek in meeting the 2007-2008 objectives for this project by 
describing a number of standard small-scale fire tests which can be used for research and development 
purposes as alternatives to the large fire tests referenced in building codes in Canada and the United 
States.       
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