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Abstract 
This report summarises progress in the second year of this project.  Significant progress has been made 
towards achieving the original objectives of the project.  In addition, several other applications of fire 
models have been identified that would further the interests of the Canadian wood industry and so 
appropriate research was initiated. 
 
An objective of this project was to identify wood-stud walls that qualify as being of fireproof construction 
in Japan.  To be classified as fireproof construction, a wood-stud wall must pass the 1 + 3 test in which it 
is subjected to a one hour fire-resistance test and then must support its load for another 3 hours as the 
furnace cools.  Attempts were made to revise WALL2D to model the response of walls during the heating 
and cooling phases of an arbitrary fire.  The revised model was to be used to model the response of walls 
in the 1 + 3 test and in furnished house fire tests run in Kemano.  However, it turned out to be a major 
revision to include a cooling phase in WALL2D, but revisions were made to model a heating phase of an 
arbitrary fire.  This was sufficient to get good agreement with temperatures measured within walls in 
Kemano.  Revision of WALL2D to model the 1 + 3 test has been deferred until 2004-2005. 
 
The Japan 2 x 4 Home Builders Association and the Council of Forest Industries have identified, by 
testing, wood-stud walls and wood-joist floors that pass the 1 + 3 test.  These assemblies have been 
granted Ministerial Approval as being of fireproof construction.  It is therefore possible to build 4-storey 
wood-frame apartment buildings in high-density urban areas.  Employing models to identify assemblies 
that pass the 1 + 3 test is now less urgent, but will continue as models may suggest ways to optimise 
assemblies meeting the 1 + 3 test.  
 
Another objective of this project was to undertake performance-based design of a building as a showcase 
study.  Carleton University is developing a model to evaluate fire safety designs for 4-storey wood-frame 
commercial buildings.  The first building to be analysed is a wood-frame version of the Carleton 
Technology Training Centre.  The Carleton University model does not yet model the response of the 
structure of the building.  To supplement Carleton University’s efforts, Forintek will undertake 
performance-based design for fire resistance of a wood-frame version of this building in 2004-2005.  
 
While the initial completion date for this project was to be March 2004, it was intended that if other 
applications of fire models were identified that would further the goals of the Canadian wood industry, 
the project would be extended.  During 2003-2004, several new applications of fire models were initiated: 
• A fire resistance model developed jointly by Forintek the National Research Council Canada is being 

employed to estimate the impact on fire-resistance ratings of the load applied to wood-stud walls 
during a test.  This information would be useful when quoting the fire-resistance ratings of Canadian 
assemblies in export markets where lower loads are applied during fire tests.  

• A collaborative venture has been initiated with Australian researchers to model fires in large 
compartments (found in non-residential buildings) and the resultant response of wood-frame walls. 

• Data generated in fire tests conducted in furnished houses in Kemano is being used to assess the 
ability of current fire models to predict fire development in these houses and to predict the 
performance of a variety of building assemblies.  If the models do a good job, one would have 
increased confidence in applying fire models in a performance-based design environment.  

• To demonstrate the good fire performance of wood-frame assemblies, three fire tests were run for 
visiting Chinese fire experts.  Fire models were used to design the experiments to ensure that wood-
frame assemblies were selected that could withstand the fire exposures envisioned in the tests.  
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1 Objectives 
To modify Forintek’s computer models in order to identify wood-frame assemblies that can meet the new 
performance requirements of the Building Standard Law (Japan). 
 
To prepare for the adoption of performance-based fire-safety design in Canada and abroad by 
demonstrating how such design can be accomplished using existing tools and documenting the 
methodology. 
 
 

2 Introduction 
Concerns about fire safety continue to present challenging market access issues at home and abroad for 
the Canadian wood industry.  In recent years, computer fire models developed at Forintek to predict the 
thermal and structural response of wood-frame assemblies subjected to fire have matured considerably. 
This project begins to explore ways that such models can be used to address the industry’s market access 
difficulties.  At the outset of this project, in 2002-2003, three facets to the work were identified: 
• Recent amendments to the Building Standard Law (Japan) permit construction of large-area wood-

frame buildings in high-density urban areas.  Load-bearing assemblies must, however, be able to 
withstand a one-hour fire-resistance test and then support their design load for another three hours as 
the furnace cools.  It was proposed that Forintek’s models be modified to predict the response of 
wood-stud walls exposed to the one-hour fire test followed by a three-hour load test.  The purpose 
was to identify walls that meet this new performance requirement. 

• The adoption of objective-based building codes in Canada in 2005 will foster performance-based 
design.  The equitable treatment of all building materials inherent in performance-based design could 
translate into a larger share of the non-residential market for the wood industry.  It was proposed that 
Forintek, in collaboration with the Canadian Wood Council, identify a candidate construction project 
and undertake performance-based fire-safety design of that building as a showcase study.  The 
purpose was to demonstrate to the construction industry that the appropriate tools are in place. 

• As a follow-up to this showcase study, it was proposed that Forintek develop a formal protocol for 
performance-based fire-safety design of wood-frame buildings.  The protocol would be written 
generally enough to be applicable at home and in our export markets.  

 
While the initial completion date for this project was to be March 2004, it was also noted that if other 
significant applications of fire models were identified that would further the interests of the Canadian 
wood industry, the project would be extended until March 2006.  During 2003-2004, several other 
applications of fire models were identified and the appropriate research initiated: 
• A fire-resistance model developed by Forintek and the National Research Council Canada is being 

used to estimate the impact on fire-resistance ratings of the structural load applied to wood-stud walls 
during fire tests.  This information would be useful when quoting the fire-resistance ratings of 
Canadian assemblies in export markets where lower loads are applied during fire tests. 

• The wood industry wants to expand its share of the non-residential market.  To assist in achieving this 
goal, a collaborative venture has been initiated with Australian researchers to model fires in large 
compartments and the resultant response of wood-frame walls. 

• Data generated in fire tests conducted in furnished houses in Kemano, BC is being used to assess the 
ability of current fire models to predict fire development in these houses and to predict the 
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performance of a variety of building assemblies.  If the models prove robust, one would have 
increased confidence in applying them in a performance-based design environment. 

• To demonstrate the good fire performance of wood-frame assemblies, three fire tests were run for 
visiting Chinese fire experts.  Fire models were used to design the experiments to ensure that wood-
frame assemblies were selected that could withstand the fire exposures envisioned in the tests.  

 
This report summarises progress in the second year of this multi-year project in which fire models have 
been applied to address a number of market access issues of interest to the Canadian wood industry.  
Significant progress in achieving the original objectives of the project is reported.  In addition, several 
other applications of fire models have been identified that would further the interests of the Canadian 
wood industry and appropriate research initiated.  To complete the work underway, it has been proposed 
to extend this project one more year (2004-2005). 
 
 

3 Staff 
J.R. Mehaffey, Ph.D. Project Leader and Senior Research Scientist, Fire Research 
L.R. Richardson Group Leader, Fire Research 
R. Desjardins, P.Eng., M.Sc.  Program Manager, Building Systems 
Nathalie Villeneuve Administrative Assistant, Building Systems 
 
 

4 Proposed Approach 
Originally this was to be a two-year project to be completed by March 2004.  If, during the course of 
undertaking the research, other significant applications for fire models were identified, it was intended 
that the project be extended until March 2006.  The original work plan was as follows: 
• By May 2002, Forintek’s heat transfer model for exterior walls was to be modified. 
• By June 2002, exterior wall assemblies that comply with the new Japanese requirements were to be 

identified 
• By October 2002, Forintek’s heat transfer model for interior walls to model the Japanese protocol was 

to be modified. 
• By December 2002, interior wall assemblies that comply with the new Japanese requirements were to 

be identified. 
• By March 2003, a construction project for which performance-based design would be advantageous 

was to be identified. 
• By March 2003, a methodology for performance-based fire-safety design of wood-frame buildings 

was to be sketched out. 
• By March 2004, a performance-based design of a building as a showcase study was to be undertaken. 
• By March 2004, a protocol for performance-based fire-safety design of wood-frame buildings was to 

be written. 
 
During the 2002-2003 Mid-Year Review the first two deliverables were deleted from this work plan.  The 
first deliverable (modified heat transfer model for exterior walls) was removed because that work was to 
be outsourced and undertaken in a separate project (3636).  The second deliverable was removed since it 
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will form the basis of a planned proposal to NRCan-CANMET to support a Super-E housing study 
intended to identify exterior wall assemblies that comply with the new Japanese requirements.  
 
Much of the groundwork required to modify Forintek’s heat transfer model for interior walls to model the 
Japanese protocol was completed in 2002-2003.  However, due to heavy time commitments related to 
other Asian market issues, it was evident that this modification could not completed until 2003-2004.  
Consequently, the timing of the first two remaining deliverables in the work plan was revised at the 
beginning of 2003-2004 as indicated below by asterisks.  
• By June 2003*, Forintek’s heat transfer model for interior walls to model the Japanese protocol was 

to be modified. 
• By June 2003*, interior wall assemblies that comply with the new Japanese requirements were to be 

identified. 
 
 

5 Results and Discussion 
5.1 Progress in 2002-2003 

5.1.1. Review of the Building Standard Law (Japan) 

A review of recent amendments to the Building Standard Law (BSL) was undertaken to better understand 
the fire-resistance requirements that pertain to wood-frame assemblies in Japanese buildings.  This review 
was based on material provided to participants at the 13th Annual Meeting of the Building Experts 
Committee on September 23, 2002 in Seattle and on discussions and correspondence with staff in the 
Tokyo office of COFI.  A brief summary of the findings of the review follows: 
• Japanese cities are divided into three types of district based on concerns about fire safety: fire 

protection districts, quasi-fire protection districts and Article 22 districts. Fire protection districts are 
in the central parts of cities where there is a dense mix of commercial and residential buildings.  Fire 
protection districts comprise about 20% of Tokyo.  Quasi-fire protection districts, which are densely 
populated housing areas, comprise about 79% of Tokyo.  Article 22 districts are lower densely areas 
such as large towns or the areas near major cities or larger towns.   

• In urban settings, wood-frame buildings must be of either quasi-fireproof construction or fireproof 
construction depending upon the building size, its occupancy and whether it is in a fire protection 
district or a quasi-fire protection district.  

 The structure of a wood-frame building of quasi-fireproof construction must have a fire-
resistance rating of 1 hour when tested to the standard fire-resistance test ISO 834. Apartment 
buildings with total building area of 1,500 m2 or less and with height 3 storeys or less are 
permitted to be of quasi-fireproof construction and can be built in a quasi-fire protection district.  
However, due to the high cost of land and large setback requirements, such buildings are often 
uneconomical to build. 

 Wood-frame buildings of fireproof construction must comply with BR BO-01-01, the “Fireproof 
Performance Test Method and Evaluation Criteria”.  The BSL does not limit the height or area of 
wood-frame buildings of fireproof construction in quasi-fire protection districts.  The fire 
performance expectations of BR BO-01-01 for such buildings are, however, difficult to meet.  
Load-bearing elements must be subjected to ISO 834 for one hour and then remain loaded for 
another three hours.  Elements must meet the acceptance criteria of ISO 834 and must not sustain 
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damage compromising their structural strength during the subsequent loading test. For some 
mixed-use applications, key assemblies must pass a 2-hour fire test followed by a 6 hour load test. 

 
5.1.2. Japan’s SOPRO Committee 

Dr. J.R. Mehaffey has been appointed an official observer of the Fire Protection Subcommittee of the 
Japanese SOPRO Committee on Hybrid Structures.  He is representing both Canadian and American 
interests on the Subcommittee.  Part of the mandate of the Fire Protection Subcommittee is to recommend 
how wooden structures or hybrid structures incorporating both wood (heavy timber or light-frame) and 
reinforced concrete can pass the 1 + 3 test.  The Subcommittee met three times during the 2002-2003 
fiscal year.  J.R. Mehaffey attended one of those meetings and Mr. H. Fumoto of the Tokyo office of 
COFI represented him in the other two.  The following is a brief discussion of some of the deliberations 
of the Subcommittee. 
• The Subcommittee conducted four 1 + 3 tests on timber columns with cross-sectional dimensions of 

300 mm x 300 mm.  In the 1st test, the column was unprotected and in the 2nd, 3rd and 4th tests the 
columns were protected by calcium silicate boards of thickness 20, 25 and 40 mm, respectively.  
(Comment: Models in Appendix D of the National Building Code of Canada (NBCC) predict the 
unprotected column would have a fire-resistance rating between 60 and 90 minutes, depending on its 
length and the load it supports.  As timber tends to char at 0.6 mm/min, an unprotected column would 
develop a char layer of thickness 36 mm after 60 minutes of exposure.)  During the 3-hour cooling 
period, the unprotected column continued flaming and flames issued from joints in the calcium 
silicate boards of thickness 20 and 25 mm.  Flames did not, however, issue from joints in the 40 mm 
boards at any time during the test.  At the end of the cooling period, the protective panels were 
removed and all 3 columns (protected by 20, 25 and 40 mm panels) burst into flame.  Although the 
column protected by 40 mm showed no direct evidence of burning during the test, the surface of the 
column continued to heat up for awhile even after the furnace was turned off as the heat pulse 
continued to move through the protection.  Temperatures reached the point that charring was 
commencing on the column and it just took the availability of fresh air to cause the specimen to 
ignite.  This was considered unacceptable and, as a consequence, a new criterion has been added to 
the 1 + 3 test stating that following the 3-hour test, protection must be removed from timber members 
and they must not show evidence of burning.  As measurements of furnace temperature were reported 
for the entire test, the data provides useful information on the thermal exposure of assemblies during 
the 3-hour cooling period.  This is important input to our attempts to model the performance of wood-
frame assemblies in the 1 + 3 test. 

• An informal Task Group of the Subcommittee is developing a design for a hotel in which the 1st 
storey is to be of reinforced concrete and the 4 storeys above of wood frame.  There is the intention to 
build this 5-storey hotel in Japan, which is particularly interesting as it would not strictly be permitted 
in Canada.  In Canada, the maximum permitted height of a wood-frame building is 4 storeys, 
although this may be above a concrete parking garage (below grade).  It is becoming common in 
Vancouver to build the 1st storey above grade of reinforced concrete for retail stores and then build 
another 3 storeys above of wood frame (usually apartments or offices).  This 5-storey hotel project 
could form the basis of technology transfer from Japan to Canada.  Usually we think of Canadian 
regulations as a template for changes to Japanese regulations but this could become an example of 
Japanese regulations as a template for changes to Canadian regulations. Even if Canadian building 
code change does not follow, at the very least the project could be an example of the application of 
performance-based design to construction of wood-frame buildings. 

 



Application of Fire Models in Building Construction 

 
 
 
 

 
 

5 of 16 
 

5.1.3. Modelling the Japanese 1 + 3 test 

J.R. Mehaffey participated in the 13th Annual Meeting of the Building Experts Committee on September 
23, 2002 in Seattle.  He made a presentation on research and modelling of assemblies that pass the 1 + 3 
fire test.  As the presentation is of direct relevance to this project, a brief summary of its content follows. 
• While wood-frame assemblies must pass the 1 + 3 test, steel-frame assemblies need only pass a 1.2-

hour (or 72 minute) fire test conducted in accordance with ISO 834.  Data taken from the Gypsum 
Association’s “Fire Resistance Design Manual” and summarised in the table below, was presented to 
demonstrate that similar wood-stud and steel-stud walls perform similarly in the standard fire test and 
hence should be treated similarly in the BSL.  

• Furthermore, tests conducted recently at the National Research Council (NRC), and summarised in 
the table below, showed that similar wood-stud and steel-stud walls pass the 72 minute test, yet only 
the steel-stud wall is acceptable as fireproof construction.  

 
Studs Insulation Gypsum Board Fire-resistance Rating 
Steel None 2 x 12.7 mm Type X 83 minutes1 
Wood Glass-fibre 2 x 12.7 mm Type X 79 minutes2 

1. Insulation reduces the rating of load-bearing steel-stud walls. 
2. Glass-fibre insulation has little effect on the rating of load-bearing wood-stud walls. 

• The component of this project to determine how much gypsum board protection is required for a 
wood-stud wall to pass the 1 + 3 test was mentioned.  It was mentioned that WALL2D which predicts 
the fire resistance rating of wood-stud walls was to be revised to predict the performance of walls in 
the 1 + 3 test in which there is both heating and cooling phases of the fire.  

• Data from a 2-hour fire resistance test conducted for Forintek at NRC on an assembly with 4 layers of 
12.7 mm Type X gypsum board were presented.  The predictions of WALL2D were in good 
agreement with the data.  The results suggest that at least 3 or more layers of 12.7 mm Type X 
gypsum board are required to pass the 1 + 3 test.  

• Data were also presented from another test conducted for Forintek at NRC on a wood-stud assembly 
with 2 layers of 15.9 mm Type X gypsum board.  The furnace was turned off just before the 60 
minute mark as the studs began to char.  Unfortunately, although the furnace began cooling almost 
immediately, the temperature of the studs continued to climb slowly indicating that charring of the 
studs persisted.   

• It was mentioned that although research would continue to identify wood-frame wall and ceiling 
assemblies that pass the 1 + 3 fire test.  Due to the more stringent requirements placed on wood-
assemblies, it is noted that it would likely to be more expensive to construct fireproof wood-frame 
buildings than fireproof steel-frame buildings. 

 

Rating Studs Spacing Gypsum Board
1 hour 89 mm 20 gauge steel studs 600 mm 1 layer 15.9 mmType X
1 hour 38 mm x 89 mm wood studs 600 mm 1 layer 15.9 mmType X
2 hours 89 mm 20 gauge steel studs 600 mm 2 layers 15.9 mmType X
2 hours 38 mm x 89 mm wood studs 600 mm 2 layers 15.9 mmType X
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Forintek recognised that development of heat transfer model for exterior walls was becoming of high 
priority in Japan.  As a consequence a contract was signed with Dr. Hisa Takeda to develop such a model 
during 2002-2003.  It was decided that modelling of the performance of wood-frame assemblies exposed 
to the Japanese 1 + 3 test would continue at Forintek in 2003-2004 under a separate project (3636).  A 
contract would be signed with Dr. Hisa Takeda to implement the required changes in WALL2D.  It was 
also agreed that all applications of the model to the Japanese marketplace will continue to be undertaken 
in this project. 
 
5.1.4. Assemblies that pass the Japanese 1 + 3 test 

J.R. Mehaffey met with H. Fumoto (COFI) and P. Newman (COFI) on October 31, 2002 and with E. 
Matsuyama (COFI), P. Newman and L. McDaniel (AF&PA) on November 1 in Tokyo to plan a proposed 
fire test series on wood-frame assemblies.  In fire protection districts, houses with more than 2 storeys 
and / or total floor area exceeding 100 m2 must be of fireproof construction.  In Tokyo, 60% of houses 
built in fire protection districts are sufficiently large that they must be of fireproof construction.  If they 
are to be wood-frame construction, walls and ceilings must pass the 1 + 3 test.  The Japan 2 x 4 Home 
Builders Association would like access to this potentially lucrative market for high-end wood-frame 
houses so therefore approached COFI to assist in funding a series of 1 + 3 tests on wood-frame 
assemblies.  The purpose of the tests was to identify a few wood-frame assemblies that pass the test.  
Questions of economy and optimisation of assemblies will be considered later.  Although it was originally 
thought that fire-rated gypsum board should protect the wood framing, the number of layers of gypsum 
board required to pass the test was deemed excessive.  Consequently, calcium silicate board and 
autoclaved lightweight concrete panels were to be employed.   Wall tests were to be run in February-
March 2003, floor tests in June 2003, and roof and stairway tests later in 2003.  Forintek was asked to 
employ WALL2D to predict the performance of the wall systems.  To do so the density, thermal 
conductivity and specific heat of the boards in the range 20-1000°C must be known.  COFI will attempt to 
locate such data.  As such data will not arrive until after the tests have been completed, Forintek will 
assist in optimising the assemblies (find the cheapest combination of boards that passes the test).  Data 
from the test series will prove useful in validating the model under development in this project. 
 
5.1.5. Performance-based design  

Forintek’s plans to undertake performance based fire-safety design of a building as a showcase study 
received a warm reception during an Ad Hoc Wood-Industry Fire-Research Meeting at the U.S. Forest 
Products Laboratory on September 18-19, 2002.   
 
Discussions were held with the Canadian Wood Council to identify a candidate construction project for 
undertaking performance-based fire-safety design as a showcase study.  It was noted that woodWORKS 
recently published a cost comparison study of an office building in Vancouver.  The comparison was 
between the costs of constructing with wood versus steel.  Although both designs are code compliant, so 
performance-based design techniques were not employed, a building such as this one might well be ideal 
as an example for calculations as many of the construction details are already known.  Perhaps some 
tinkering with building size could be introduced so that performance-based design would become 
advantageous.  A final decision on a candidate construction project will be made by the fall of 2003.  
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5.1.6. Other related developments 

On September 18-19, 2002, J.R. Mehaffey participated in an Ad Hoc Wood-Industry Fire-Research 
Meeting convened at the U.S. Forest Products Laboratory in Madison Wisconsin. In attendance were: Les 
Richardson, Forintek; Jim Mehaffey, Forintek; Robert White, US FPL; Mark Dietenberger, US FPL; 
Steve Cramer, U. of Wisconsin (Madison); Frank Beall, U. of California (Berkeley); George 
Hadjisophocleous, Carleton U. and Steve Craft, PhD student, Carleton U.  The meeting was convened to 
discuss progress in the development of models to facilitate performance-based design of wood-frame 
buildings. This report summarises the discussion: 
• Current models that predict the thermal and structural response of gypsum board protected wood-

frame assemblies or of exposed wooden structural members have been developed and validated for 
scenarios in which the fire exposure follows the standard temperature-time curve defined in ASTM 
E119 or ISO 834.  Current models must be validated and, if necessary, revised before they can be 
used with confidence to describe the response of assemblies or structural members exposed to 
scenarios in which the fire gets hotter much faster than in standard tests.  Such scenarios often arise 
when undertaking performance-based design.  The concern is that high levels of thermal shock may 
elicit unusual mechanical response from gypsum board or even wood as it is already known that 
another material, high-strength concrete, is susceptible to explosive spalling at high heating rates.  
Perhaps, the early failure of older generation 9.5 mm (3/8”) regular gypsum board in one of the 
Kemano tests was a result of thermal shock. 

• The wood industry has made progress in developing the tools needed to deliver performance-based 
design of wood-frame buildings.  However, designers are unaware of this progress.  It was suggested 
that Forintek look into developing a couple of case studies that would highlight the approach.  In this 
vein, Forintek could approach woodWORKS to offer assistance to architectural or engineering firms 
interested in undertaking the performance-based design of wooden structures. 

• The likely impact of performance-based fire-safety codes on wood construction was discussed in 
some detail.  It was concluded that performance-based techniques are most likely to be applied to the 
design of large or complex non-residential buildings of wood-frame or heavy timber construction.  
Prescriptive codes will likely be employed to design most apartment buildings as using performance-
based techniques may prove too expensive.  However, performance-based tools will undoubtedly be 
employed for revising (improving) prescriptive codes.  This means that, in the future, wooden 
buildings designed in compliance with prescriptive codes will, in fact, be “pre-engineered” to ensure 
fire safety. 

 
5.2 Progress in 2003-2004  

5.2.1. Building Standard Law (Japan) 

The Building Standard Law of Japan permits construction of wood-frame buildings in Quasi-fire 
Protection Districts (high-density urban areas) as follows: 
• Wood-frame buildings of quasi-fireproof construction up to 3 storeys in height with total building 

area (sum of all storeys) less than 1,500 m2.  Structural elements must exhibit a 1 hour fire-resistance 
rating.  

• Wood-frame buildings of fireproof construction up to 4 storeys in height are not limited in area.  
Structural elements must past the 1 + 3 test.  
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During a meeting of the Building Expert Committee on October 6, 2003, the American delegation argued 
these requirements result in buildings that are uneconomical to build.  They proposed two revisions to 
allow for larger wood-frame buildings of quasi-fireproof construction: 
• Proposal 1: The height should remained limited to 3 storeys, but larger building areas should be 

permitted if the buildings are sprinklered and/or have large open spaces around them.   
• Proposal 2: Four-storey wood-frame buildings of unlimited area should be permitted provided they 

are of Class M quasi-fireproof construction.  Structural elements would have to exhibit a 90 minute 
fire-resistance rating and the size of fire compartments be limited to 1,500 m2. 

As the Japanese delegation did not respond favourably, the American delegation recommended a joint 
Japanese-American project be initiated to undertake a fire-risk assessment of 90 minute buildings.  J.R. 
Mehaffey mentioned that Forintek and Carleton University would like to join the project as Forintek is 
supporting the development of risk assessment tools at Carleton that could be useful for this project.  He 
recommended that the primary objective should be to compare risks associated with wood-frame 
buildings of:  

• quasi-fireproof construction (1 hour ratings, limited area, up to 3 storeys); 
• quasi-fire proof construction (larger areas, sprinklered, large open spaces around them); 
• class M quasi-fire proof construction (90 minute ratings, unlimited area, up to 4 storeys); and  
• fireproof construction (structures passes 1 + 3 test, unlimited areas, and up to 4 storeys).  
This proposal was of interest to the Japanese delegation, but no firm decisions were taken. 
 
5.2.2. Japan’s SOPRO Committee 

Dr. Mehaffey is an official observer of the Fire Protection Subcommittee of the Japanese SOPRO 
Committee on Hybrid Structures.  The Fire Protection Subcommittee is overseeing research directed at 
designing wood or hybrid structures incorporating both wood and reinforced concrete that pass the 
fireproof construction test.  A Task Group of the Subcommittee is designing a 5 storey hotel of fireproof 
construction.  The first storey will be of reinforced concrete and the top 4 storeys of wood-frame 
construction.  It will be interesting to see if this design is approved and built, because it would not be 
permitted in Canada.  Although the purpose of Dr. Mehaffey’s observer status is to monitor research 
underway in Japan, this 5-storey hotel project could become an example of technology transfer from 
Japan to Canada.  It might be possible to use the findings of the SOPRO Committee to argue for code 
changes in Canada. 
 
5.2.3. Modelling the Japanese 1 + 3 test 

In the summer of 2003, a contract was signed under Project 3636 “Development of Heat-transfer Models 
for Wood-frame Assemblies” whereby Dr. Takeda would revise Forintek’s model WALL2D (Takeda, 
1998 & 2003) in order to model the response of wood-stud assemblies during both the heating and 
cooling phases of the Japanese 1 + 3 test.  In late summer it was learned that the Japan 2 x 4 Home 
Builders Association and COFI had run 1 + 3 tests on a number of assemblies including wood-stud walls 
and wood-joist floors.  They had identified assemblies that pass the test and several of those assemblies 
were subsequently granted proprietary Ministerial approval.  Employing modelling to identify assemblies 
that pass the 1 + 3 test became less urgent than it had been.  Furthermore, it had been learned that the 
thermo-physical properties of Japanese gypsum board were dramatically different from those of North 
American boards. Much work would therefore be required to re-tool WALL2D to handle Japanese 
gypsum boards.  Consequently the priority of work to be undertaken under contract in Project 3636 was 
altered.  It was then decided that Dr. Takeda would revise WALLL2D to model the response of wood-
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stud walls during the heating and cooling phases of an arbitrary fire.  This is important for analyzing the 
test results generated in the house fire tests conducted in Kemano.  Identification of potential wall 
assemblies that can pass the 1 + 3 test will be deferred until next fiscal year. 
 
However, it turned out to be a major revision to include a cooling phase in WALL2D.  As a temporary 
measure WALL2D was revised to model fire exposures in which the temperature increases monotonically 
following an arbitrary curve.  As described later in this report, the predictions of this revised version of 
WALL2D have shown good agreement with temperatures measured within wall assemblies in the fire 
tests conducted in furnished houses in Kemano.   
 
5.2.4. Assemblies that pass the Japanese 1 + 3 test 

The Japan 2 x 4 Home Builders Association and COFI have completed a series of 1 + 3 tests on wood-
stud walls and are in the process of testing wood-joist floors.  They have found that a wood-stud wall 
protected on both sides by a 15 mm base layer of Japanese fire-rated gypsum board covered by a 21 mm 
face layer of Japanese fire-rated gypsum board passes the 1 + 3 test.  This wall assembly has been granted 
a proprietary Ministerial Approval as being of fireproof construction. 
 
The Japan 2 x 4 Home Builders Association and COFI have subsequently passed 1 + 3 tests on wood-joist 
floors protected by gypsum board.  On March 12, 2004, the floor assembly was granted a proprietary 
Ministerial Approval as being of fireproof construction.  It is anticipated that a wooden stair system will 
also be approved soon. 
 
In the near future, it will be possible to build 4-storey wood-frame apartment buildings in high-density 
urban areas in Japan without the need for sprinklers.  In Canada such buildings would need to be 
sprinklered, but the fire-resistance rating of the structure would only need to be one hour. 
 
5.2.5. Performance-based design  

One of the deliverables in this project is to select a building and to undertake performance-based design 
of the building as a showcase study.   
 
In a related development, Prof. Hadjisophocleous of Carleton University is developing a fire-risk 
computer model to evaluate fire safety designs for four-storey wood-frame commercial buildings.  When 
completed, the model will predict both the expected deaths due to fire and the expected fire costs (losses 
plus costs of fire protection equipment) for such buildings.  The first building to be analysed will be a 
wood-frame version of the Carleton Technology Training Centre, which is the building in which 
Forintek’s Fire Research Group is housed.   
 
The model under development at Carleton University predicts the fire development, the movement of 
smoke in the building and the response of occupants.  It does not yet, however, have the ability to 
distinguish between various choices for the structure of the building.  For this reason, it was decided that 
to supplement the efforts underway at Carleton University, Forintek will undertake performance-based 
design for fire resistance of a wood-frame version of the Carleton Technology Training Centre.  
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5.2.6. Collaboration with Victoria University of Technology  

During the spring of 2003, Dr. Paul Clancy of the Victoria University of Technology applied to the 
Australian Research Council (ARC) for funding to support a graduate-student research project on 
modelling the fire resistance of wood-stud walls exposed to fire in a large compartment.  This work would 
complement research underway at Forintek addressing fires in small compartments (apartments, office 
suites, etc.) where post-flashover fire temperatures are time-dependent but spatially uniform.  Post-
flashover fires in large compartments exhibit spatial as well as temporal variations in temperature.  Dr. 
Clancy invited Forintek to participate in the project.  Forintek agreed to provide financial and in-kind 
support for the project for three years with Dr. J.R. Mehaffey being designated as an “Industry Partner 
Investigator”.  Dr. Clancy’s application proposed using Forintek’s support of $15,000 (AUD) over three 
years and $21,000 (AUD) from Australian consultants to leverage $149,600 (AUD) from ARC.   
 
In the fall, Dr. Clancy learned that his proposal to ARC was not successful.  ARC informed him that his 
proposal was a “near miss” and encouraged him to strengthen and resubmit it in April 2004.  As a first 
step in strengthening the proposal, Forintek secured the agreement of Prof. Hadjisophocleous to be a 
collaborator.  Forintek is also speaking with other North American wood industry groups to determine 
whether they might like to come onboard.  In the interim, in recognition of his “near miss”, Victorian 
University of Technology (VUT) offered “encouragement funds” of up to $15,000 (AUD) to Dr. Clancy 
in order that he not miss the opportunity to “build a relationship with Forintek”.   Forintek responded with 
an offer of $5,000 (AUD) and an Australian consulting firm offered $1,000 (AUD) to bring the total 
available to Dr. Clancy to $21,000 (AUD).  Dr. Clancy will spend $6,000 (AUD) to visit Forintek for 2 
weeks in May 2004 to confer with Forintek and Carleton University about the planned work, and to begin 
the modelling described in the grant proposal.  When back at VUT, he will use the balance of the funds to 
do a couple of tests to get data for validation of the wall model he is planning to develop. 
 
5.2.7. Fire performance of houses 

5.2.7.1 Modelling fires in furnished houses 

Early in the fiscal year it was learned that, to fulfill his requirements for his Ph.D. degree, Mr. S.T. Craft 
needed one additional course beyond what was being offered by Carleton University.  To meet his needs, 
a directed studies project was designed by Dr. Mehaffey and Prof. Hadjisophocleous at Carleton 
University whereby Mr. Craft would assess the ability of current models to predict the outcome of the six 
fire experiments conducted in furnished houses in Kemano, B.C.  The detailed findings of his research are 
reported in the CFS Report for Project 4000, the objective of which was to document the results of the 
Kemano tests.  However, as Mr. Craft’s research allowed comparison of the results of the tests with the 
predictions of fire models, his findings are also of interest to this project on application of fire models. 
 
One of the more important exercises assigned to Mr. Craft was to compare the predictions of Forintek’s 
model WALL2D for the temperature between fire-rated gypsum and wood studs in walls.  WALL2D 
models fire exposures in which temperature increases monotonically following the ISO 834 curve or the 
analytical form ∆Th = β t1/6.  WALL2D had to be revised to simulate a fire which exhibits heating and 
cooling phases.  This is also what is needed to model the Japanese 1 + 3 test.  However, it turned out to be 
a major revision to include a cooling phase.  As a temporary measure WALL2D was revised to model fire 
exposures in which the temperature increases monotonically following an arbitrary curve.  To simulate 
the measured temperature-time curve in the fire tests, the cooling phases had to be ignored.  Despite this 
limitation, the predictions of WALL2D for the temperature between fire-rated gypsum and wood studs in 
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walls agreed well with the measured values.  Both experiment and theory demonstrated that fire-rated 
gypsum delays the involvement of studs in fire for a very long period of time (Mehaffey, 2003). 
 
Other findings of Mr. Craft’s were:  

• The predictions of BREAK1, a commercially available computer model, were very close to the 
times at which window glass was observed to crack. 

• Using measured fire temperatures and a simple model, the rate of burning during the early stages 
of the fires, in which it was primarily a couch that was burning, was similar to that of upholstered 
furniture observed in a comprehensive European furniture study. 

• A simple model for predicting the maximum temperature rise in a fire-room with closed doors 
and windows was found to give predictions in good agreement with the experiments. 

 
5.2.7.2 A National Research Council initiative 

The National Research Council (NRC) will initiate a new project in 2004 to study the “Fire Performance 
of Houses”.  On November 12, J.R. Mehaffey participated in a Stakeholder Meeting related to the project.  
Because statistics show traditional houses perform well in fires, Canadian building codes do not specify 
performance criteria for assemblies in houses.  Concern has been expressed that existing requirements, 
though adequate for traditional houses, may be inadequate for innovative building systems, such as those 
constructed with cardboard.  In response to this concern, NRC will document the fire performance of 
traditional houses, as a benchmark for evaluating the performance of innovative systems.  The first phase 
of the experimental work will simulate basement fires.  For traditional floors it is anticipated that 
occupants can evacuate before structural failure of the ground floor.  It is not clear that the same 
conclusion will be found for innovative floor systems.  The meeting was convened to solicit feedback 
from stakeholders on preliminary plans for the project and to invite stakeholders to join a Special Interest 
Group (SIG) in order to provide financial support and advice to NRC as the project evolves.  Forintek 
plans to join the SIG and to introduce its own new project in 2004-2005 to monitor NRC’s progress.    
 
5.2.8. Design of fire tests for visiting Chinese fire experts 

Under a contract through the Canada Wood Export Program, Forintek ran three fire tests for visiting 
Chinese fire experts.  A detailed contract report is being prepared to summarise these tests.  However, as 
design of the tests and analysis of the results of the tests required application of fire models, the objective 
of this project, brief mention of this application of fire models is made herein. 
 
On the recommendation of Forintek scientists, the Chinese Timber Code, GB 50005, has recently been 
amended to permit spatial separations between two wood-frame buildings of 6.0 m provided each 
building has windows comprising 10% or less of the surface area of its side facing the building.  Two 
experiments were designed to demonstrate that this requirement is safe. 
• In the first experiment, a fire load of 19 kg m-2, representative of that typically found in residences, 

was placed in a room 5.94 m wide, 4.3 m deep and 2.75 m high.  The fuel load was in the form of 
wooden cribs.  A window in one of the end walls (a wood-stud wall) measured 1.64 m high by 1.0 m 
wide so comprised 10% of the surface area of the wall.  A target wood-frame wall was located 6.0 m 
away.  The exterior facades of both walls were non-combustible panels, as is common in China.  This 
scenario was therefore in compliance with GB 50005. 

• In the second experiment, a fire load of 38 kg m-2, double what is typically found in residences, was 
placed in the same fire room.  The fuel load was again in the form of wooden cribs.  A window in one 
of the end walls (a wood-stud wall) measured 1.64 m high by 2.0 m wide so comprised 20% of the 
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surface area of the wall.  A target wood-frame wall was again located 6.0 m away.  The exterior 
facades of both walls were non-combustible panels, as is common in China.  This scenario was 
clearly not in compliance with GB 50005.  In fact the fire load was double what could be expected 
and the window was double the size permitted in GB 50005. 

 
Running both tests in front of the Chinese fire experts was risky.  We did not want to see fire jump by 
radiant heat transfer from the fire room to the target wall.  Consequently, fire models were applied to 
calculate the expected temperature and duration of each fire, and the radiant flux that would impinge on 
the target wall was also calculated.  The calculations suggested there was no threat of fire spread.  In fact, 
the geometrical arrangement in the second experiment was compliant with what is permitted by the 
National Building Code of Canada, although the fuel load was higher than might be encountered in 
practice.  The experiments were a success and, in fact, the measured temperatures and heat fluxes were 
very close to what had been predicted by the models.   
 
Curtain walls in five-storey reinforced concrete buildings have recently been identified as a potentially 
large market for wood-stud walls.  In fact, it has been learned that the Nordic Timber Council (Europe) 
has had several fire resistance tests conducted recently on wood-stud curtain walls at the Sichuan Fire 
Research Institute.  As a consequence, Forintek arranged to have a similar test conducted for Chinese fire 
experts at the National Research Council Canada on a non-load bearing curtain wall, but using Canadian 
dimension lumber for the studs rather than European dimension lumber.  The wall was constructed with a 
single layer of 15.9 mm fire-rated gypsum board on both sides of nominal 2 x 4 (38 mm x 89 mm) SPF 
No 1 or 2 wood studs spaced 406 mm on centre.  Fasteners affixing the gypsum board to the studs were 
spaced at 178 mm and the cavities within the wall were filled with mineral-fibre insulation.  WALL2D 
was employed, in advance of the test, to predict the thermal response of the wall and the fire-resistance 
rating was predicted to be 83 minutes, well above the required 60 minutes.  These predictions were made 
available to the Chinese experts before the test, so that they could see how well Forintek can model such 
assemblies.  The fire test was discontinued at 79 minutes as failure was deemed imminent.  The close 
agreement between WALL2D’s predictions and the fire test was reassuring to Forintek scientists and very 
impressive to our visiting Chinese fire experts. 
 
5.2.9. Modelling the structural performance of walls 

In order to develop a fire resistance model, a collaborative project (2397) was undertaken to couple 
WALL2D, Forintek’s model predicting the thermal response of a wood-stud wall, to a structural model 
developed by the National Research Council (NRC).  NRC made the final version of the coupled model 
available to Forintek during 2003-2004 (Bénichou, 2003). 
 
Early in 2004 it was learned that, to fulfill his requirements for his M.Eng. degree, Mr. M.H. Al Duailej  
needed one additional course beyond what was being offered by Carleton University.  To meet his needs, 
a directed studies project was designed by Dr. Mehaffey, Prof. Hadjisophocleous at Carleton University 
and Dr. Bénichou of NRC.  The objectives of his project are to employ the fire-resistance model for 
wood-stud walls developed in collaboration with NRC (Project 2397) in order to:  

• investigate the impact on fire-resistance ratings of the different structural loads applied to wood-
stud walls during tests in different countries (as determined in Project 3224); and 

• assess the fire resistance of tall walls. 
 
This directed studies project then entails applying fire models to address specific issues of interest to the 
Canadian wood industry.  Mr. Al Duailej should complete his project in the spring of 2004. 
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5.2.10. Other related developments 

J.R. Mehaffey has accepted an invitation to become a member of the Technical Committee for the Third 
International Workshop on “Structures in Fire” to be convened at the National Research Council May 10-
11, 2004.  The focus of the workshop will be on determining the behaviour of structures exposed to fire 
by various means: testing, simple calculations and numerical modelling.  Topics to be addressed include 
the behaviour of materials, systems, and building structures, when exposed to fire.   
 
J.R. Mehaffey has been re-appointed to a second five-year term as Deputy Coordinator of the IUFRO 
Research Unit 05.03.04 on “Protection from Fire”.  The International Union of Forest Research 
Organizations (IUFRO) is a non-governmental international research organization that promotes 
international cooperation in forestry and forest products research. IUFRO’s eight Divisions and 270 
Research Units regularly organise workshops, meetings and conferences.  Research Unit 05.03.04 is 
already planning two activities: the “Wood & Fire Safety Conference” April 18-22, 2004 in the Slovak 
Republic; and a session on the “Protection of Wood Products from Fire” during the IUFRO World 
Congress August 8-13, 2005 in Brisbane, Australia. 
 
J.R. Mehaffey attended the Canadian Wood Council’s Annual General Meeting held in conjunction with 
the Canadian Plywood Association’s Annual Forum on May 21-23, in Vancouver.  The joint program 
featured several speakers who addressed market access issues in North America.  A round table 
discussion on “Market Challenges” focused on market barriers arising from recent fire incidents, 
increases in insurance rates and promotional activities by substitute products. A follow-up panel session 
on “Market Opportunities” explored trends in residential and commercial building sectors in Canada and 
the U.S.  In the last few years there have been major conflagrations in Calgary, Toronto, Ottawa and 
Vancouver in which a large number of wood-frame houses or apartments with wood sheathing have 
burned to the ground during construction.  Building codes establish fire safety requirements to ensure 
adequate life safety in finished buildings.  However, these fires have resulted in major property losses 
during construction when wood-frame buildings are most vulnerable to fire.  To protect their risks, 
insurance companies have increased construction insurance premiums by as much as a factor of 10.  This 
additional cost has caused some developers to elect to build with non-combustible materials.  It may be 
timely for the wood industry to pay more attention to fire safety issues during the construction phase in 
projects involving many units. 
 
The Institute for Research in Construction (IRC) of the National Research Council Canada is developing 
a strategic plan.  On April 4, 2003, a Technology Panel met with an IRC team charged with developing a 
technology roadmap.  The meeting was convened to elicit feedback on the evolving strategic plan and to 
identify important opportunities.  J.R. Mehaffey was a member of the 12-member Panel.  The Panel made 
the following comments to IRC that may also be relevant to Forintek’s research directions. 
• Due to concerns about liability, building officials are often reluctant to accept new technologies even 

though evidence may demonstrate they provide performance beyond minimum requirements of 
building codes.  However, an evaluation by the Canadian Construction Materials Centre usually 
allays such concerns.  In this climate, acceptance of performance-based design is likely to be slow 
unless IRC plays a significant role in the validation and approval of decision-making tools. 

• Technologies developed by IRC are often not adopted quickly by the construction industry which, 
with few exceptions, does not have the resources required to keep abreast of research.  IRC and its 
partners should consider undertaking demonstration projects (perhaps at trade shows) showcasing 
technological advances to contractors, building officials and consumers. 
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• Whereas IRC’s research is primarily aimed at issues related to new construction, the renovation 
industry is booming and in need of research support.  The development of simple performance-based 
tools and acceptance criteria for use by this industry is urgently needed.  

• Sustainability issues are beginning to be reflected in building regulations around the world.  Other life 
cycle considerations, such as maintenance and operability, are becoming increasingly of interest to 
consumers.  There is an opportunity for future research for IRC and industry partners in these areas. 

 
 

6 Conclusions 
This report summarises progress in the second year of this multi-year project in which fire models have 
been applied to address a number of market access issues of interest to the Canadian wood industry.  
 
One of the initial objectives of this project was to modify WALL2D in order to identify wood-stud walls 
that qualify as being of fireproof construction in Japan.  WALL2D was designed to predict the thermal 
response of a wood-stud wall exposed to a fire-resistance test in which the temperature increases steadily 
with time.  To be classified as fireproof construction, a wood-stud wall must pass the 1 + 3 test in which it 
is subjected to a one hour fire-resistance test and then must support its load for another 3 hours as the 
furnace cools.  A contract was signed (Project 3636) with Dr. Takeda to revise WALL2D to model the 
response of walls during the heating and cooling phases of an arbitrary fire.  The revised model would be 
used to identify walls that pass the 1 + 3 test and to model the response of walls in the furnished house 
fire tests conducted in Kemano.  However, it has turned out to be a major revision to include a cooling 
phase in WALL2D.  As a temporary measure WALL2D was revised to model fire exposures in which the 
temperature increases monotonically following an arbitrary curve.  This turned out to be sufficient to get 
good agreement with temperatures measured within walls in Kemano.  Revision of WALL2D to model 
the 1 + 3 test has been deferred until 2004-2005. 
 
The Japan 2 x 4 Home Builders Association and COFI have undertaken a series of tests in Japan, and 
have identified wood-stud walls and wood-joist floors that pass 1 + 3 test.  These assemblies have been 
granted a proprietary Ministerial Approval as being of fireproof construction.  A wooden stair system will 
also be approved soon.  Consequently it is now possible to build 4-storey wood-frame apartment 
buildings in high-density urban areas without the need for sprinklers.  In Canada such buildings must be 
sprinklered, but the fire-resistance rating of the structure only needs to be one hour.  Employing 
modelling to identify assemblies that pass the 1 + 3 test is less urgent than it had been, but the exercise 
will continue as it may be possible to use the model to optimise assemblies to meet the 1 + 3 test.  
 
Another of the initial objectives of this project is to select a building and to undertake performance-based 
design of the building as a showcase study.  Prof. Hadjisophocleous of Carleton University is developing 
a computer model to evaluate fire safety designs for four-storey wood-frame commercial buildings.  The 
first building he will analyse is a wood-frame version of the Carleton Technology Training Centre 
(CTTC), which is the building in which Forintek’s Fire Research Group is housed.  In its current state, the 
Carleton University model predicts the fire development, movement of smoke and response of occupants.  
It does not yet distinguish among various choices for the structure of the building.  For this reason, it has 
been decided that, to supplement the efforts underway at Carleton University, Forintek will undertake 
performance-based design for fire resistance of a wood-frame version of the CTTC.  This effort will be 
undertaken in 2004-2005.  
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While the initial completion date for this project was to be March 2004, it was also noted that if other 
significant applications of fire models were identified that would further the interests of the Canadian 
wood industry, the project would be extended until March 2006.  During 2003-2004, several other 
applications of fire models were identified and the appropriate research initiated: 
• Canada applies greater loads to wood-stud walls during a fire-resistance test than most other 

countries.  The coupled thermal model developed by Forintek (WALL2D) and structural model 
developed by NRC are being employed to estimate the impact on fire-resistance ratings of the 
different loads applied to wood-stud walls during tests conducted in different countries.  This 
information would be useful when quoting the fire-resistance ratings of Canadian assemblies in 
export markets where lower loads are applied during fire tests.  

• The wood industry wants to expand its share of the non-residential market.  Fires in large 
compartments, such as atria or industrial halls, can remain localised, yet cause significant damage to 
the building structure.  WALL2D needs to be revised to predict the thermal response of a wall 
exposed to a localised fire.  If “tall” walls are present, it may also prove necessary to revise the 
structural model developed at NRC. A collaborative venture has been initiated with Australian 
researchers to model fires in large compartments and the resultant response of wood-frame walls. 

• Much data was generated in six fire tests conducted in furnished houses in Kemano, BC in 2002.  
This data is being used to assess the ability of current fire models to predict fire development in these 
houses and to predict the performance of a variety of building assemblies.  If the models do a good 
job of predicting the fire outcome, one would have increased confidence in applying fire models in a 
performance-based design environment.  

• To demonstrate the good fire performance of wood-frame assemblies, two ad hoc spatial separation 
tests and a fire resistance test were run, under contract, for visiting Chinese fire experts during 2003-
2004.  Fire models were used to design these experiments to ensure that wood-frame assemblies were 
selected that could withstand the fire exposures envisioned in the tests.  

 
To sum up, significant progress has been made towards achieving the original objectives of the project.  
In addition, several other applications of fire models have been identified that would further the interests 
of the Canadian wood industry and appropriate research initiated.  To complete the work underway, it has 
been proposed to extend this project one more year (2004-2005). 
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