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SUMMARY

This report describes progress achieved in the first year of a five 
year research program on fire growth in light—frame structures. A 
draft agreement between Forintek and the U.S. Forest Products Laboratory 
for collaborative research to be carried out under the U.S./Canada Light- 
Frame Structures Research Program was written and a research project 
to study heat release and smoke generation by room lining materials 
commenced. This work is being continued in 1986—87 at both Forintek 
and FPL.
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1.0 OBJECTIVES

To evaluate fire growth or development in buildings constructed with 
wood in order to predict the fire loads to which wood construction 
systems may be subjected.

To validate existing fire growth models and develop data bases necessary 
for their use.

To coordinate activities with the Forest Products Laboratory at 
Madison, WI. and other fire research agencies.

2.0 INTRODUCTION

Each year, more than 500 Canadians and nearly 6000 Americans die in 
fires. Of that total, no fewer than 68 percent die in their homes and 
apartments. Most of those fires, 71 percent in fact, are in residences 
built of wood.

Is wood the culprit? Not necessarily. But these statistics make it 
easy for the public, legislators and code authorities to believe that 
it is. It also makes wood an easy target for all of the other materials 
competing in the building materials market. Advertisements noting the 
additional safety provided by " non-combustible" construction systems 
and advocating increased code restrictions on the use of combustible 
wood building systems regularly appear in building trade journals: 
advertisements paid for by industry associations representing steel 
and concrete building products.

One solution to this problem is the development of fire rated wood 
construction assemblies. Simply stated, these are construction systems 
whose performance in fire has been identified and is recognized by 
code authorities, architects, and builders as suitable for the occupancy 
and use proposed. As an added benefit, development of fire rated com-
bustible wood construction assemblies would open some very large new 
markets for wood products. While the market for wood building materials 
in single-family residential construction has stagnated, there is an 
expanding requirement for low-rise multi-family residential and light 
industrial non-residential buildings which could be constructed with 
wood materials if these construction assemblies could meet applicable 
code requirements for fire performance.

Although it is neither practical nor economically feasible to evaluate 
the fire performance of every possible construction assembly made with 
wood under every possible fire loading that might be encountered, the 
development of small inexpensive computers has made it feasible to use 
computers to predict fire performance of construction systems. The 
steel and concrete industries developed a computer model known as
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FASBUS II. It sucessfully predicts fire performance of protected 
structural steel assemblies in fire and is an important marketing tool 
for their industry. The wood industry could develop corresponding 
fire endurance models for their products but to do so, models to 
predict the growth or development of fire in buildings of specific 
geometry, occupancy, load, and construction first must be devised. 
Fortunately, these models are under development at places such as the 
U.S. National Bureau of Standards, and Ohio State and Harvard Universities. 
What the wood industry does not have is the fundamental property data for 
their products that is needed to input these fire growth models and the 
structural models that will eventually follow. In addition, new models 
or sub-routines for existing models must be devised which can predict 
smoke development and movement within buildings. Forintek is addressing 
these needs with a five year research program. This is the initial 
work on that research program.

Since one of the most critical aspects of fire growth in buildings is 
the rate at which heat is released by individual building materials 
and assemblies during fire. Forintek, in cooperation with other research 
organizations, is determining heat release rates of various room lining 
materials. The data will be used to evaluate existing fire growth models 
and the growth of fire in buildings.

Utilizing measurement concepts developed at FPL, Forintek is collecting 
smoke accumulation data which will be used in devising mathematical models 
for prediction of smoke development in buildings during fires.

3.0 STAFF

Staff Title

L.R. Richardson Project Leader
Research Scientist

A. Cornelissen Research Scientist

4.0 EXPERIMENTAL PLAN

Fire research requirements of the wood industry are so immense, no 
single organization can meet them. Forintek and the Forest Products 
Laboratory at Madison have recognized this reality and their own 
limited resources for fire research by establishing collaborative 
programs to address this problem. A draft agreement between Forintek 
and the U.S. Forest Service for collaborative research, to be carried 
out by Forintek and the Forest Products Laboratory under the U.S./ 
Canada Light-Frame Structures Research Program was written (Appendix I). 
Research projects on relationships between heat release and fire growth,
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and measurement of smoke growth in closed compartments are both part of 
that draft agreement. Work carried out in 1985/86 at Forintek for this 
research program is described below.

Heat release measurements were carried out on Douglas fir plywood, various 
flame spread rated and unrated wood panel products used as wall coverings 
and gypsum wall board using procedures described in ASTM Standard Method 
E-906.

The generation of smoke and carbon monoxide by Douglas fir plywood and red 
oak lumber was measured using a smoke chamber described in ASTM Standard 
Method E-662. Mass optical density, particulate optical density, and 
generation of carbon monoxide gas was compared to the thermal insult to 
which each material was subjected.

A hollow truncated cone shaped heater, similar to that used by European 
researchers to measure smoke generation, was provided by Rohm and Haas 
Co. for future smoke research at Forintek.

In March 1986, an NBS cone calorimeter for determination of heat release 
rate by measurement of oxygen depletion was ordered.

In September 1985, the major participants involved in fire research for the 
wood industry including both Forintek and FPL, met at Michigan State 
University. They reviewed the state of the art of fire modelling and 
their individual research activities. This forum permitted an examina-
tion of existing fire models and subroutines of models applicable to wood, 
identification of the wood industry's research needs relating to fire 
modelling and our individual roles in meeting those needs.

Attendance at Interflam '85 (International Conference on Fire and Flammability) 
at Guildford, England; the First International Conference on Fire Safety 
Science at Gaithersburg, Maryland and visits to TNO Institute for Building 
Materials and Building Structures in the Netherlands have allowed Forintek 
to coordinate fire research related to wood buildings with that underway in 
several European countries including Norway, Sweden, Belgium and Holland.

5.0 RESULTS AND DISCUSSION

Maximum rates of heat release by fir plywood subjected to radiant heat 
levels ranging between 15 and 60 kW/m2 with and without ignition of the 
wood by a pilot flame were about 140 kW per square metre of sample surface 
area. Significant differences in heat release were observed at different 
times during the tests depending upon heat flux, and the presence, or 
absence, of pilot flames to initiate flaming combustion. Once ignited, 
the rate at which heat was released by fir plywood followed similar 
patterns, but at somewhat differing magnitudes, irrespective of heat
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flux on the sample, and the presence of pilot flames. Without ignition 
of the combustion gases evolving from the wood by pilot flames, fir ply-
wood would not ignite unless the wood was exposed to heat flux levels 
greater than 35 kw/m2. The time required for ignition of these combustion 
gases^in the^presence of a pilot flame followed the geometric equation 
1.20 10 5 * x ~ - 2 .20 where x represents heat flux in kW/m2 and time is
measured in seconds. Similarly, when no pilot flame was present the 
time, in seconds, for a char layer to form on the surface of fir plywood 
was represented by the geometric equation 1.43 * 10~5 * x~-2.15. With
pilot flames impinging directly on the wood, it was found that the time 
required for flames to advance 150 mm upwards on vertically oriented 
specimens^could be represented by the geometric expression 
3.18 * 10 3 * x~-1.29. Next year, similar relationships will be 
developed for other building materials.

It was observed that the generation of carbon monoxide gas in a closed 
compartment by fir plywood exposed to 25 kw/m2 of heat flux is related 
to the length of time that the wood is exposed to the heat; and that the 
concentration of CO in the compartment follows the geometric expression 
7.216 * x 1.423, where x is the length of exposure of the wood to the 
heat in minutes, and the concentration of CO is expressed as parts per 
million. The mass concentration of particulates in the smoke generated 
by fir plywood exposed to 25 kw/m2 of heat flux in relation to the length 

°- e*Posure was represented by a geometric power equation
3.42 10-6 x -0.848. The concentration of particulates increased
with the length of burning time until a maximum concentration of particulates 
was reached after which the concentration dropped due to coagulation and 
settling of the particulates. Particulate optical density, that is the 
optical density of light passing through the smoke, per unit mass of smoke 
particulates in the smoke, was found to follow the geometric expression 
2.39 10 3 * x ~1.37 while mass optical density, the optical density of
light passing through the smoke per unit mass loss by the burning sample, 
was represented by the exponential expression 4.68 * 10~2 * e~0.51x.
Similar relationships are being developed for other heat flux exposures 
and other materials.

6.0 CONCLUSIONS AND RECOMMENDATIONS

Experimental work completed in 1985/86 represents only a small portion of 
that to be carried out over the length of this long term research program 
Initial data indicates that the approaches being taken are scientifically 
correct but because the amount of data available at this time is limited, 
no conclusions can be made about the contribution made by wood materials 
and assemblies to the growth of fire and smoke in light frame structures.
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Research projects continuing and expanding upon the work described in 
this report have been proposed for 1986/87. It is recommended that 
they be carried out. Complete Forintek Technical Reports will be 
submitted to CFS upon completion of all heat release research 
carried out using procedures described in ASTM E-906 and measure-
ment of smoke generation by materials exposed to a planar heater as 
described in ASTM E-662.

In order to assure that fire research at Forintek continues to be 
coordinated with that underway at FPL and other research organizations, 
it is recommended that Forintek scientists meet with FPL scientists 
and other researchers for the wood industry in North America at least 
twice in 1986/87; attend the International Meeting of Fire Research and 
Test Centres in October 1986; and attend the ASTM International Symposium 
on Mathematical Modelling of Fires and Related Fire Test Methods in 
December 1986.

It is recommended that Forintek Scientists present a summary of the 
U.S./Canada Light-Frame Structures Research Program and the collabora-
tive research program being carried out at Forintek and FPL to the 
FPRS Fire Performance and Technology section in June 1986.

It is recommended that Forintek submit a paper on smoke growth in 
closed compartments for presentation at the Second International 
Symposium on Fire Safety Science to be held in 1987 and that Forintek 
submit to a suitable publication, at least one scientific paper describing 
relationships between fire growth in compartments lined with wood panel 
wall coverings and the release of heat by these panel products.
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COPY ONLY
MEMORANDUM OF UNDERSTANDING FP-85-0739

between

FORINTEK CANADA CORP.

and

FOREST PRODUCTS LABORATORY 
U.S. DEPARTMENT OF AGRICULTURE, FOREST SERVICE

THIS AGREEMENT, made and entered into by and between Forintek Canada Corp. 
hereinafter referred to as the Cooperator, and the Forest Products Laboratory 
Forest Service, U.S. Department of Agriculture, hereinafter referred to as the 
forest Products Laboratory, under provisions of 16 U.S.C. 1642,

WITNESSETH:

WHEREAS, the Cooperator and the Forest Products Laboratory are mutually 
interested in undertaking collaborative research on the growth and development

a i V  Sm0ke iD buildin*s such as O) developing and evaluating predictive 
models for assessment of fire and smoke growth involving wood building products 
and verifying their application to actual fire situations, (2) generating a 
data base of heat release rate data for wood products and assemblies,
(.3) creating a data base of information about smoke generation from building 
materials in fire, and (4) generating other fundamental data about the fire 
performance of wood materials used in building construction

WHEREAS, mathematical models which predict smoke accumulation in closed rooms 
will be obtained, fire growth models already developed will be evaluated for 
their ability to predict the fire behavior of wood, and fire endurance models 

enbanced bY quantification of the involvement of wood products in 
uilding fires, a data base of fundamental information about the fire per-
formance of wood products will be created for use by code officials, architects 
engineers, wood products manufacturers, and trade associations thus increasing ’ 
the utilization of timber and reducing the cost of building construction while 
simultaneously improving life safety, and

WHEREAS, technical and theoretical expertise of the Forintek laboratory will 
complement Forest Products Laboratory expertise. Forintek's assistance in 
comparing theoretical and empirical results wi]l enhance the acceptance of 
the information developed.

NOW, THEREFORE, in consideration of the above premises, the parties hereto 
agree as follows:



A. THE COOPERATOR SHALL:

1. Using both ASTM E-906 standard procedures and the NBS cone calorimeter, 
etermine heat release rates of two timber species, red oak and Douglas-fir

and several class I, II, and III flamespread rated and unrated wood products 
commonly used as room lining materials.

2. Provide Forest Products Laboratory with corroborative ASTM E-906 heat 
release rate data and compare mathematical equations for heat release 
rates of solid wood materials developed at the Forest Products Laboratory 
to those observed for other wood materials and to those obtained by 
measurement of oxygen depletion.

3. Utilizing measurement concepts developed at the Forest Products 
Laboratory, evaluate smoke accumulation within the ASTM E-662 chamber 
when red oak and Douglas-fir materials and several class I, II, and III 
flamespread rated and unrated wood products commonly used as room
ining materials are burned in vertical and horizontal orientations 

during both flaming and nonflaming conditions created by radiant energy 
from the hollow truncated cone heater of the NBS cone calorimeter.

4. Provide Forest Products Laboratory with corroborative ASTM E-662 
smoke generation data and compare mathematical models for smoke 
accumulation in closed compartments developed at the Forest Products 
Laboratory to that observed when wood materials are burned in 
orientations other than vertical and under nonstandard conditions.

5. Using information developed in this research program, evaluate 
existing fire growth models involving wood products.

6. Compare smoke accumulation and fire growth involving wood products 
during one-fourth scale size compartment fires, to that observed in 
full size room fires carried out at the Forest Products Laboratory 
and to the fire growth and smoke accumulation predicted by present
fire growth models and smoke models developed at the Forest Products 
Laboratory.

B. THE FOREST PRODUCTS LABORATORY SHALL:

1. Based upon empirical data, establish mathematical equations to 
describe heat release rate curves for two timber species, red oak and 
Douglas-fir, as indicated by the ASTM E-906 test procedures.

2. Develop fundamental data about the accumulation of smoke within an 
ASTM E-662 chamber when two reference materials, red oak and Douglas-fir 
timber, are involved in fire under controlled conditions.

3. Develop predictive models to describe smoke accumulation within 
closed compartments during fires.
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4. Compare smoke accumulation and fire growth involving wood products 
during full size room fires to that observed in one-fourth scale size 
compartments carried out by the Cooperator and to that predicted by fire 
growth and smoke generation models.

5. Using information developed in this research program, evaluate fire 
growth models involving wood products.

C. IT IS MUTULLY AGREED AND UNDERSTOOD BY AND BETWEEN THE SAID PARTIES THAT: 

Attachment A is hereby made a part of this agreement.

2. This agreement in no way restricts the Forest Service or the 
Cooperator from cooperating with or receiving cooperation from other 
public or private agencies, organizations, and individuals or from 
accepting contributions and gifts for the development of research.

3. This agreement in no way restricts the Forest Service or the 
Cooperator from cooperating in other fire research areas besides the 
ones outlined in this agreement. Other areas could include charring 
rates of wood, effects of fire retardants, flamespread modeling, or 
other fire research problems.

4. All improvements and computer programs for prediction of fire and 
smoke development or fire performance of wood products and assemblies 
constructed from funds in the United States will remain the property of 
the Forest Service; and all improvements constructed from funds in
Canada belong to the Cooperator or the funding organization as mutually 
agreed.

5. Any equipment or materials produced by or furnished to the Forest 
Service under this agreement shall remain the property of the Forest 
Service.

6. Test data produced under this agreement will be mutually shared 
by the Forest Service and the Cooperator.

7. Nothing herein shall be construed as obliging the Forest Service 
to expand or as involving the United States in any contract or other 
obligation for future payment of money in excess of appropriations 
authorized by law and administratively allocated for this work.

8. No Member of, or Delegate to, Congress or Resident Commissioner
shall be admitted to any share or part of this agreement, or to any benefit 
that may arise therefrom; but this section shall not be construed to extend 
this agreement if made with a corporation for its general benefit.

9. Any publication of the results of this research by either party 
shall give appropriate recognition to the contributions of both parties. 
Reports on this work published by the Forest Products Laboratory for public 
use may be distributed by the Cooperator, but publication or UBe of reports
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of results by the Cooperator, through advertising or other media will 
not be made in any way that implies the approval or endorsement by the 
Forest Service of a particular manufacturer’s or a proprietary product or 
process, or which broadens or distorts the factual findings of the 
cooperative project.

10. Any invention made under this agreement solely by employees of the 
US. Department of Agriculture shall be disposed of in accordance with 
the policies of the U.S. Department of Agriculture. Any inventions
made jointly by at least one employee of the U.S. Department of Agriculture 
and at least one employee of the Cooperator shall be disposed of as mutually 
agreed upon between the parties. Any invention made under this agreement 
solely by employees of Forintek Canada Corp. shall be disposed of in 
accordance with the corporate policies of Forintek Canada Corp.

11. Either party may terminate this agreement by providing 60 days' 
written notice. Unless terminated in written notice, this agreement will 
terminate on December 31, 1990.

12. This 
hereto.

agreement shall be effective upon execution by both parties

IN WITNESS WHEREOF, the parties hereto 
date written below.

FORINTEK CANADA CORP.

B y : _______________ ________________

Title: ______________________

Date :

have executed this agreement as of the

USDA, FOREST SERVICE

B y : ___________________ ____________

Title: _____________________________

Date :
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Attachment A

U.S./CANADA LIGHT-FRAME STRUCTURES RESEARCH PROGRAM 
COLLABORATIVE RESEARCH 

ON
FIRE GROWTH IN WOOD STRUCTURES

INTRODUCTION

Wood is the preferred building material for construction of most light-frame 
structures. However, architects, engineers, building code officials, builders 
and consumers are all concerned about the performance of wood products in fire 
and the potential threat to life and property created by their use in building 
construction. If wood products are to maintain their dominant position in 
this segment of the construction market, and further increase the use of timber 
products in building construction, both the manufacturers and consumers of wood 
bmlding products must know how wood materials contribute to the growth of fire 
in buildings and about the ability of wood buildings to maintain their 
structural integrity during fire.

The technology of wood construction is changing. New building products, 
structural components, and structural design procedures are being introduced 
to improve timber utilization in light-frame structures. Present data bases 
and design methods are insufficient to define the effects of these new 
technologies on the fire safety of wood-frame structures. In the past, wood 
products and assemblies were fabricated to obtain a particular rating in a 
specific fire test. This was all that was necessary for most regulatory 
purposes. However, these fire tests provided very little information about 
how the materials would behave in actual fire situations. Now, there is an 
urgent need for the development of model systems based upon sound engineering 
principles, which will predict fire performance of wood assemblies under
w î a 115 II* e^ osures or fire loads. It is the growth of fire within a 
building that determines the magnitude of the fire load upon the boundaries 
or a building system.

The introduction of computer generated models for prediction of fire growth 
in compartments will be the most important new technological breakthrough to 

ect building construction during the rest of this century. Based upon a 
combination of theoretical physics and supporting empirical data, these models 
ill predict potential fire development and its associated risk to life and 

property when any specific design, system, or material is used in the 
construction of buildings. First generation fire growth models have already 
been used as evidence in litigation following major hotel fires. Second 
generation models are now being developed by scientists at the National Bureau

■ultistory^buildingslD^t0n' DC’ “  PrediCt a”d S”°k' move"ent throughout



The newest tool available to the steel and concrete industries, to assist them 
in promoting the construction of buildings made with their products, is a 
computer model that accurately predicts engineering and fire performance 
characteristics of buildings designed with steel and concrete components. If 
wood products; are to capture a larger share of the market for light-industrial 
*nd low-rise, multifamily residential construction, the wood industry will 
need marketing devices such as these models.

The performance of wood products, as indicated by laboratory tests to quantify 
the fundamental properties of materials involved in fire and provide 
necessary input data for the various fire growth models, has not been 
documented. It is critically important that the forest products industry 
have this information and that they understand the relationship between the 
performance of their products in these tests and the predicted performance of 
light-frame buildings constructed with wood building materials. Scientists 
at the U.S. Forest Products Laboratory (FPL) and Forintek Canada Corp. 
recognized these trends and have agreed to establish cooperative research 
programs at their facilities to obtain this information.

OBJECTIVES

Canada and United States, through their respective Forest Services, have 
agreed to a cooperative research effort in the general area of light-frame 
structures. Fire safety of these structures falls naturally within the scope 
of the research program.

The objective of the present agreement is to undertake collaborative research 
etween the United States and Canada on the growth of fire and smoke within 
light-frame structures and the contribution of wood building materials and 
systems to that growth, with the U.S. Forest Products Laboratory at Madison, WI 
and the Eastern Laboratory of Forintek Canada Corp., at Ottawa, Ontario, 
acting as the primary research agencies.

This research consists of individual as well as cooperative efforts to:

1. Develop models for predicting smoke growth in closed rooms.

2. Assess the ability of existing fire growth models to predict the 
contribution of wood products used in building construction to fire 
growth in buildings.

3. Develop a data base of information about heat release rates of wood 
products and assemblies for use with fire growth models.

4. Develop a data base of fundamental information about the generation of 
smoke from building materials during fires for use in creating smoke 
growth models.
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5. Develop basic information about other fundamental aspects of the 
performance of wood materials used in building construction.

6. Verify fire and smoke growth models in actual fire situations.

The work described in this agreement will be completed by December 31, 1990. 

STATEMENT OF RESEARCH TO BE UNDERTAKEN

Although the overall research objectives are the development and evaluation 
of predictive models which can assess the contribution of wood materials and 
assemblies to fire growth and smoke accumulation during building fires- 
initially, the lack of fundamental data such as heat release rates, smoke 
generation and other basic fire performance properties of wood materials 
must be addressed. With that information in hand, models to predict smoke 
accumulation in closed rooms can be developed, and fire growth models already 
developed can be evaluated for their ability to predict wood’s contribution 

'jllld^n8 fir^s- Finally, using fire exposures indicated by the fire growth 
models, fire endurance models can be used to evaluate structural reliability.

RESEARCH TO BE CONDUCTED AT FORINTEK includes generating heat release rate 
df  * 3f°rA yarious w°od materials using the NBS cone calorimeter and comparison 
of the data with that obtained using the ASTM E-906 apparatus. Variability 
of data between the two methods will be determined, and the Forest Products 
Laboratory will be provided with corroborative data for their models 
Measurement of smoke accumulation in the ASTM E-662 smoke chamber at Forintek 
will generate data about smoke concentration in a closed compartment during 
exposure of wood materials to various radiant exposures from a hollow 
truncated cone heater and in orientations other than vertical. Verification 
of the contribution of wood building materials and assemblies to fire and 
smoke growth as predicted by smoke accumulation and fire growth models will 
be carried out using one-fourth scale size compartment fires.

RESEARCH TO BE CONDUCTED AT THE FOREST PRODUCTS LABORATORY will include

.^fat releafe rate data for several timber species and development 
odels to illustrate heat release rates of solid wood materials The 

variatron of smoke concentration with time, radiant exposure level, and type of 
wood product will be determined so that theoretical models of smoke accumulation 
m  *:n£l0^ res can be developed. Later, verification of the contribution of 
wood building materials and assemblies to fire and smoke growth as predicted
by smoke accumulation and fire growth models will be carried out in full size 
room fires.

FUNDING AND TIMETABLE

Funding for the research project will be secured individually in Canada and
the resPective agencies. Work will proceed following 

. e attached timetable as soon as funding is obtained and project coordination 
is achieved between the two laboratories.
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TIMETABLE FOR FIRE GROWTH RESEARCH

Task Responsibility Years

Heat release rate: Materials 
Cone calorimeter and ASTM E-906 Forintek 1985/87

Heat release rate: Reference timber, 
mathematically description HRR data FPL 1985/87

Smoke generation by materials: 
Cone heating unit Forintek 1985/87

Smoke accumulation in ASTM E-662 chamber: 
Reference timber species FPL 1985/87

Modeling smoke accumulation FPL 1986/88

Evaluate fire growth models Forintek and 
FPL

1986/90

Verification of fire growth models Forintek and After 1988
FPL
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