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Abstract 
This final report summarises progress in 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.   
 
Promoting wood-frame construction in Asian countries has been hindered by the fact that fire-resistance 
ratings assigned to wood-frame assemblies in Canada are lower than those assigned to similar assemblies 
in many other countries.  Computer models developed at Forintek have been used to assess fire-resistance 
ratings of wood-frame walls subjected to test methods employed in a number of Asian countries.  It was 
found that differences in fire-resistance ratings quoted in different countries are due to the different loads 
applied during the tests.  Given the same exposures and loads, Canadian assemblies perform as well those 
from any other country. 
 
A methodology for delivering performance-based design for fire-resistance of wood-frame buildings was 
developed.  The methodology entails modelling the anticipated fire severity and using computer models 
to predict the performance of wood-frame assemblies protected by gypsum board.  The methodology has 
been applied to two wood-frame buildings: a three-storey hotel and a three-storey office building.   
 
Fire models have been used to assess the performance of wood products in a variety of practical 
applications in domestic and international markets. 
• Fire models have been shown to simulate the results of fire experiments conducted in wood-frame 

houses in Kemano thereby supporting the use of modelling in performance-based fire-safety design.  
• Forintek provided third-party review for the performance-based design of the expansion to the 

Vancouver Convention Centre.  Modelling demonstrated that suspended glulam ceilings can be safely 
employed in a ballroom and pre-function areas despite non-compliance with building codes.   

• A fire protection firm is assessing the viability of utilizing wood trusses to create a pitched roof 
assembly on existing concrete buildings in Beijing.  Performance-based design techniques employing 
fire models are being employed in the work.  Forintek is providing advice to the fire protection firm.   

 
Efforts have also been made to promote performance-based design at home and in Canada’s export 
markets as a strategy to eliminate the inequitable treatment afforded wood products by prescriptive codes.  
• Forintek scientists made presentations during an APEC Seminar convened to inform regulators of 

approaches to managing fire risks so as not to impede the use of wood products unnecessarily.  
• Forintek scientists have co-authored a chapter in the 4th Edition of the SFPE Handbook of Fire 

Protection Engineering which will be published in 2006.  Participation in writing such documents is 
part of the Fire Group’s strategy to foster acceptance of performance-based design for fire safety.  

• Forintek scientists are participating in ISO deliberations addressing the performance of structures in 
fires.  The methodology developed in this project is to be considered for inclusion in design guides.   

 
Efforts are well advanced to develop improved fire models for predicting the thermal and structural 
response of wood-frame assemblies.  These improved models are required for performance-based design 
in which fires typically grow quickly and after burning at a steady rate for a period of time undergo a 
decay phase.   
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1 Objectives 
To employ Forintek’s computer models to assess the fire resistance of wood-stud walls in a variety of 
practical applications in domestic and international markets. 
 
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 were developed at Forintek to predict 
the thermal and structural response of wood-frame assemblies subjected to fire have matured 
considerably. This project was intended to explore ways that such models could 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: 
• 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 the 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 was expected to encourage greater 
use of 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 
suitable tools are in place to perform such designs. 

• 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 sufficiently 
general that it could be employed 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 could 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 was to be 

used to estimate the impact on fire-resistance ratings of the structural loads 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 would like to expand its share of the non-residential market.  To assist in 
achieving this goal, it was planned to initiate a collaborative venture with Australian researchers to 
model fires in large, tall compartments and the resultant response of wood-frame walls. 

• Data generated in the fire tests conducted in furnished houses in Kemano, BC were to be 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 proved robust, one would have greater 
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 the 
wood-frame assemblies that were selected would withstand the fire exposures envisioned in the tests.  

 
During the duration of this project, fire models have been applied to address a number of market access 
issues of interest to the Canadian wood industry.  This final report summarises these activities.   
 
 

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 
C. Mancuso 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 would 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 to simulate the 

response of walls subjected to the Japanese exterior wall test. 
• By June 2002, exterior wall assemblies that comply with Japanese requirements were to be identified. 
• By October 2002, Forintek’s heat transfer model for interior walls was to be modified to simulate the 

response of walls to the Japanese “one plus three” test. 
• By December 2002, interior wall assemblies that comply with 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 drafted. 
• 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 was to form the basis of a planned proposal to NRCan-CANMET to support a Super-E housing 
study that would identify exterior wall assemblies complying with new Japanese requirements.  
 
Much of the groundwork required to modify Forintek’s heat transfer model for interior walls so as 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-
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2004.  Consequently, the timing of the first two of the 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. 
 
At the end of 2003-2004, the work plan was revised once again to add new deliverables and to extend the 
deadline for delivering others: 
• By August 2004*, compute the fire-resistance ratings of walls supporting loads employed in foreign 

markets. 
• By August 2004*, compare model predictions with experimental data from the Kemano house fires. 
• By August 2004*, modify Forintek’s heat transfer model to simulate exposure to an arbitrary fire.  
• By September 2004, identify wall assemblies that comply with Japanese requirements. 
• By January 2005, sketch a methodology for performance-based design of wood-frame buildings. 
• By January 2005, undertake performance-based design of a building as a showcase study. 
• By March 2005, write a protocol for performance-based fire-safety design of wood-frame buildings. 
 
At the end of 2004-2005, the work plan was extended for one more year to tie up loose ends.   
 
 

5 Results and Discussion 
5.1 Progress in 2002-2003 

5.1.1 Review of the Building Standard Law (Japan) 

A review of amendments to the Building Standard Law (BSL) was undertaken to better understand the 
fire requirements that pertain to wood-frame assemblies in Japanese buildings.  A brief summary of the 
findings of the review follows: 
• Japanese cities are divided into fire protection districts, quasi-fire protection districts and Article 22 

districts. Fire protection districts are in the centre of cities where there is a dense mix of commercial 
and residential buildings.  Quasi-fire protection districts are densely populated housing areas.  Article 
22 districts are lower densely areas such as large towns or the areas near major cities.   

• 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 according to 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. 

 Wood-frame buildings of fireproof construction must comply with BR BO-01-01.  The BSL does 
not limit the height or area of wood-frame buildings of fireproof construction in quasi-fire 
protection districts.  For buildings 4 storeys or less in height, 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 damage compromising their 
structural integrity during the subsequent loading test.  This procedure is referred to as the 
Japanese 1 + 3 test. 
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5.1.2 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 the 1 + 3 fire test.  A brief summary of its content follows. 
• While wood-frame assemblies must pass the 1 + 3 test, steel-frame assemblies need only pass a 72 

minute ISO 834 test.  The Gypsum Association’s “Fire Resistance Design Manual” indicates that 
wood-stud and steel-stud walls perform similarly in the test so should be treated similarly in the BSL.  

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

• 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 results suggested that at least 3 or more layers 
of 12.7 mm Type X gypsum board would be required to pass the 1 + 3 test.  

 
Forintek recognised that development of a heat transfer model for exterior walls was of high priority.  As 
a consequence a contract was signed with Dr. Hisa Takeda to develop such a model.  It was decided that 
modelling of the performance of wood-frame assemblies exposed to the 1 + 3 test would continue at 
Forintek in 2003-2004 under a separate project (3636).   
 
5.1.3 Assemblies that pass the Japanese 1 + 3 test 

J.R. Mehaffey met with officials of the Council of Forest Industries (COFI) in Tokyo to plan fire tests on 
wood-frame assemblies that would be funded jointly by the Japan 2 x 4 Home Builders Association and 
COFI.  In fire protection districts, houses with more than 2 storeys 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.  To be of wood-frame construction, walls 
and ceilings must pass the 1 + 3 test.  
 
5.1.4 Performance-based design  

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.  Because both designs were code compliant, 
performance-based design techniques were not employed.  However, a building such as this one would be 
an ideal example for calculations as many of the construction details were 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 was deferred until the fall of 2003.  
 
 
5.2 Progress in 2003-2004  

5.2.1 Japan’s SOPRO Committee 

Dr. Mehaffey was an observer at the Fire Protection Subcommittee of the Japanese SOPRO Committee 
on Hybrid Structures.  The Subcommittee oversaw research directed at designing wood or hybrid 
structures incorporating wood and reinforced concrete that pass the fireproof construction test.  A Task 
Group designed a 5 storey hotel of fireproof construction with the first storey in reinforced concrete and 
the top 4 storeys of wood-frame construction.  Because this building would not be permitted in Canada, if 
it was ever built, the 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. 
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5.2.2 Modelling the Japanese 1 + 3 test 

In the summer of 2003, a contract was signed under Project 3636 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, the 
Japan 2 x 4 Home Builders Association and COFI ran 1 + 3 tests on a number of assemblies.  They had 
identified assemblies that pass the test and several of those assemblies had been granted Ministerial 
Approvals as being of fireproof construction.  Employing modelling to identify assemblies that pass the 1 
+ 3 test became less urgent than it had been.  Consequently the priority for the work to be undertaken 
under contract in Project 3636 was altered.  It was decided that Dr. Takeda would revise WALLL2D to 
model the response of walls during the heating and cooling phases of an arbitrary fire.  This was 
important for use in analyzing the test results generated in the house fire tests conducted in Kemano.   
 
5.2.3 Performance-based design  

A deliverable in this project was to undertake performance-based design of a building as a showcase 
study.  In a related development, Prof. Hadjisophocleous of Carleton University was developing a fire-
risk computer model to evaluate fire safety designs for four-storey wood-frame commercial buildings.  
When completed, the model would predict the expected deaths due to fire and expected fire costs (losses 
plus costs of protection) for such buildings.  The first building to be analysed was to be a wood-frame 
version of the Carleton Technology Training Centre 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 would undertake the performance-
based design for fire resistance of a wood-frame version of the Carleton Technology Training Centre.  
 
5.2.4 Modelling fires in furnished houses 

A directed studies project was designed by Dr. Mehaffey and Prof. Hadjisophocleous whereby Mr. Steve 
Craft, a Ph.D. candidate at Carleton University, assessed the ability of current models to predict the 
outcome of two of the fire experiments conducted in furnished houses in Kemano, B.C.  The detailed 
findings of his research were 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 were 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.  To do this, 
WALL2D had to be revised to simulate a fire which exhibits heating and cooling phases.  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 temperatures 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 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). 
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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 rates of burning during the early stages 

of the fires, in which it was primarily a couch that was burning, were similar to those 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. 

 
5.2.5 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.  On the recommendation of Forintek scientists, the Chinese Timber Code, GB 
50005, was amended in 2003 to permit spatial separations between two wood-frame buildings of 6.0 m 
provided each building had 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/m2, representative of residences, was placed in a room 

5.94 m wide, 4.3 m deep and 2.75 m high.  A window in one wall had 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.  This scenario was compliant with GB 50005. 

• In the second experiment, a fire load of 38 kg/m2 was placed in the same fire room.  A window in one 
wall was 20% of the 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.  The fire load was double 
what could be expected and the window was double the size permitted in GB 50005. 

 
Running both tests for the Chinese fire experts was risky.  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.  The calculations suggested there was no threat of fire spread to the target wall.  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 had been identified as a potentially large market 
for wood-stud walls.  As a consequence, Forintek arranged to have a fire test conducted for the Chinese 
fire experts on a non-load bearing curtain wall.  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.  The cavities within the wall were filled with mineral-fibre insulation.  Using 
WALL2D, the fire-resistance rating of the wall was predicted to be 83 minutes.  The fire test was 
discontinued at 79 minutes when 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. 
 
5.3 Progress in 2004-2005 

5.3.1  Modifications to Forintek’s heat transfer model 

During 2004-2005, Forintek’s heat transfer model WALL2D was to be revised in order to predict the 
thermal response of wood-frame walls exposed to any arbitrarily chosen fire.  The most important 
revision would have permitted simulation of the response of walls subjected to a fire that had both heating 
and decay (cooling) phases.  This revision was deemed necessary to model the performance of wood-stud 
walls exposed to the Japanese 1 + 3 test; to compare with experimental data generated in the Kemano 
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house fires and to provide the tools required to undertake performance-based design.  Through Project 
3636, a contract was signed with an outside contractor to undertake these revisions.   
 
As noted in progress for 2003-2004, COFI and the 2x4 Association had designed wall and floor 
assemblies that pass the 1 + 3 fire test.  They have therefore been granted Ministerial Approvals to use 
these assemblies in constructing wood-frame buildings of fireproof construction.   Since these approvals 
were granted in March 2004, 64 new wood-frame projects (43 single family, 12 multifamily and 9 non-
residential) have received authorization for construction through the use of these Ministerial Approvals.  
Clearly there is now little need for Forintek to identify wood-frame assemblies that pass the 1 + 3 test. 
 
The Japan Wooden Housing Federation had approached COFI about devising fire resistant innovations in 
the construction of post and beam structures that would enable them to meet the fireproof standards (i.e. 
the 1 + 3 test). 
 
5.3.2  Performance-based design  

One of the deliverables in this project was to draft a methodology for undertaking performance-based 
design that ensures wood-frame buildings have adequate fire resistance.  The methodology that was 
developed is quite flexible and can be applied to the design of any building with a high degree of 
compartmentation such as hotels, motels, apartment buildings, office buildings, strip malls, etc.  As is 
common in performance-based design, the methodology entails five major steps:   

1. Establish design objectives. 
2. Select design fire scenarios. 
3. Model fire and structural loads. 
4. Model thermal and structural response. 
5. Assess performance / acceptance criteria. 

 
The first step is to establish the design objectives.  As is common in most building codes, it is assumed 
that the building must have adequate structural fire protection (to delay or prevent collapse) and adequate 
compartmentation (to delay or prevent fire spread through the building).  Both of these goals are achieved 
by ensuring that key building assemblies have adequate fire resistance.  Adequate fire resistance can be 
defined in several ways.  For example, building assemblies can be designed to have sufficient fire 
resistance for the period of time required for occupants to escape, for the period of time for fire services to 
complete search and rescue activities, or for the entire duration of the anticipated fire.  As an extreme 
case, the design objective could be that the building’s structure can be reused after a fire. 
 
The second step is to select appropriate design fire scenarios.  Design fire scenarios should be credible 
(based on their probability of occurrence) yet severe (based on the anticipated exposure).  In non-
sprinklered apartment buildings, about 25% of fires reach flashover; that is, they progress from being 
localised to one or a few items to full room involvement.  In highly compartmented buildings post-
flashover fires are rather common and present a much more serious attack on building elements than 
localized fires.  Post-flashover fire severity in a compartment depends upon: the quantity of fuel in the 
compartment, the size of openings in a compartment, the bounding area of the compartment boundaries, 
and the thermal properties of the boundary materials.  To ensure the design fire scenario yields a severe 
yet credible post-flashover fire the following choices must be made: 
• Since fire severity increases with the quantity of fuel in the compartment, the 95th percentile in the 

fuel load density for the compartment occupancy should be chosen. 
• Since fire severity increases with a decrease in the size of openings in a compartment, openings 

protected by fire-rated doors or fire-rated windows should be ignored in the analysis.  On the other 



Application of Fire Models in Building Construction 

 
 

 
 
  8 of 22 

 

hand, “unprotected openings such as windows with ordinary glass should be assumed to break and 
provide ventilation. 

• Since fire severity decreases with an increase in surface area of compartment boundaries, all internal 
partitions within a compartment, which could be subject to alteration during the lifetime of the 
building especially in the case of offices, are ignored.  Heat is absorbed by the compartment 
boundaries, but not by the internal partitions. 

 
The third step is to model the fire and structural loads anticipated in the buildings.  The structural load can 
be obtained from the structural engineer who designed the building according to Part 4 of the NBCC (or 
the equivalent building code in the country for which an analysis is undertaken).  The fire load (or fire 
severity) can be computed using any number of analytical or computer models that have been published 
in the scientific literature.  A simple model developed in Japan is, however, recommended as the model 
has been well documented and validated.  In fact, this model has been found to moderately over predict 
the fire temperature (hence severity) in a compartment.   
 
The fourth step is to model the thermal and structural response of the compartment boundaries.  The fifth 
is to assess this response (or performance) in turns of the agreed upon acceptance criteria.  Two options 
are provided for addressing these two steps.   

1. The first option allows comparison of the fire severity in the compartment to the severity of a 
standard fire resistance test of a computed duration.  All assemblies that have a fire-resistance 
rating in excess of this duration will perform the intended function (that is, to delay or prevent 
collapse and /or to delay or prevent fire spread through the building).  The value of this approach 
is that existing listings of fire-resistance ratings can be employed.  The downfall is that these 
ratings are only listed for assemblies carrying the full design load and for fixed durations of 45 
min, 1 hour, etc.  Consequently this approach is often quite conserve.   

2. The second option is to employ a computer model to predict the thermal and structural response 
of the room boundaries exposed to the fire and structural loads computed in Step 3.  The fire-
resistance model for wood-stud walls based on WALL2D (developed by Forintek) together with 
the acceptance criteria in the standard-fire resistance test are recommended for this purpose.  This 
approach has the advantage of tailoring the room boundaries to withstand the expected fire while 
supporting the expected load.   

 
This methodology was presented by J.R. Mehaffey at the following three venues in 2004-2005.  Each of 
these lectures included a worked example for either a wood-frame hotel or office building.   

1. Carleton University offered a short course entitled “Engineered Fire Safety Systems” May 19-21, 
2004.  There were 73 attendees including architects, fire protection engineers, building officials, 
code consultants, building science practitioners and students in fire safety programs.  While fire 
safety design in Canada is undertaken following prescriptive requirements in building codes, the 
introduction of objective-based codes will foster the use of performance-based design techniques.  
In anticipation of this development, this short course was designed to provide an introduction to 
the process of engineering fire safety systems.  Dr. Mehaffey introduced the methodology 
developed in this project in a one-and-a-half hour lecture entitled “Design for fire resistance”.  

2. J.R. Mehaffey delivered a one-hour lecture, “Introduction to Performance-Based Fire Safety 
Design of Wood Buildings”, at the CWC Wood Solutions Fair in Toronto.  This presentation 
introduced the methodology developed in this project as a flexible approach to assess 
equivalencies or to undertake performance-based design. 

3. J.R. Mehaffey taught a graduate level course entitled Fire Dynamics II at Carleton University 
during the winter term of 2005.  There were 11 students on campus enrolled in the course and 3 
other students took it by video.  After setting the stage with earlier lectures, a three-hour lecture 
was devoted to modelling post-flashover fires.  The students were given a very detailed 
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description of the methodology for undertaking performance-based design for fire-resistance of 
wood-frame buildings developed in this project.   

 
5.3.3   Worked examples: Performance-based design  

Another deliverable in this project was to undertake performance-based design of a building as a 
showcase study.  During 2004-2005, the methodology developed in this project was applied to the 
performance-based design of two wood-frame buildings: a three-storey hotel and a three-storey office 
building.  If these buildings were constructed in compliance with the National Building Code of Canada 
(NBCC), they would not need to be sprinklered, their structures would require a 45 minute fire-resistance 
rating and each suite (hotel room or office suite) would have to be separated from the rest of the building 
by walls with a 45 minute fire-resistance rating.   
 
Typical layouts and suite sizes were chosen for both buildings.  For these typical conditions the 
methodology predicted that the appropriate fire-resistance rating for the hotel building would be 41.2 
minutes and for the office building 47.2 minutes.  Both of these are close to what the NBCC would 
require.  However, the advantage of the method is that the designer can now choose atypical conditions 
(unusual window or suite sizes; different wall or ceiling linings; etc.) and quickly assess what fire-
resistance requirements would be appropriate.  For some atypical suites, the required fire resistance would 
be greater than for the typical suites, for others it would be less.  In any case the fire resistance 
requirements would be tailored to the actual building layout, not to some pre-conceived layout assumed 
by writers of the NBCC. 
 
The three-storey hotel example was presented during the Carleton University Short Course “Engineered 
Fire Safety Systems” May 19-21, 2004 and during the CWC Wood Solutions Fair in Toronto September 
21, 2004.  The somewhat more detailed three-storey office example was presented to students enrolled in 
the graduate level course Fire Dynamics II at Carleton University during the winter term of 2005.   
 
Prof. Hadjisophocleous of Carleton University is developing a model to evaluate fire safety designs for 
four-storey wood-frame commercial buildings (Project 2400).  The first building he is analyzing is a 
wood-frame version of the Carleton Technology Training Centre, the building in which Forintek’s Fire 
Research Group is housed.  It had been planned to use this building to undertake performance-based 
design for fire resistance as a showcase study in this project.  However, the building is sprinklered and 
this has led to some challenges in characterizing the design fire. 
 
5.3.4 Protocol for performance-based design 

As a follow-up to these showcase studies, it has been 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.  
 
J.R. Mehaffey is convenor and Dr. N. Bénichou is Canada’s Technical Expert for ISO TC92 SC4 WG6 
which is addressing selection of design fire scenarios and design fires.   Dr. N. Bénichou is convenor and 
J.R. Mehaffey is Canada’s Technical Expert of ISO TC92 SC4 WG12 which is addressing the 
performance of structures in fires.  As both Working Groups need to develop detailed examples of their 
procedures, it has been proposed that the methodology developed in this project be put forward as an 
example for both Working Groups.   
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5.3.5 Modelling the structural performance of walls 

In order to develop a fire-resistance model for wood-stud walls, a collaborative project (Project 2397 
“Structural Fire Performance of Wood-stud Walls”) was undertaken in 2001-2002 and 2002-2003 to 
couple WALL2D, Forintek’s model predicting the thermal response of a wood-stud wall exposed to a 
standard fire, to a structural model developed by NRC.  NRC made the final version of the coupled model 
available to Forintek in 2003-2004 (Bénichou, 2003).  During 2004-2005, this model was employed to 
investigate the impact on fire-resistance ratings of the different structural loads applied to wood-frame 
walls during tests in different countries.  These loads had been determined in 2002-2003 in Project 3224 
“Structural Loads for Fire Tests”.   
 
To fulfill the requirements for his M.Eng. degree, Mr. M. Al Duailej needed two courses beyond those 
offered by Carleton University.  One of his course requirements was met through a directed studies 
project designed by Dr. Mehaffey, Prof. Hadjisophocleous at Carleton University and Dr. Bénichou of 
NRC.  The objectives of his project were to provide one of the deliverables for Forintek Project 3637 by 
investigating the impact on fire-resistance ratings of the different structural loads applied to wood-stud 
walls during tests in different countries. 
 
He found that, because of the high loads applied in Canada, the fire-resistance ratings assigned to wood-
frame walls in Canada are lower than those assigned in many other countries.  This puts the Canadian 
industry at a competitive disadvantage.  A brief summary of his findings follow for 3.0 m high walls 
constructed with nominal 2 x 4 studs (SPF or Douglas fir), protected by fire-rated gypsum board (12.7 
and 15.9 mm), and with or without glass-fibre insulation in the cavities. 
• The applied structural loads during fire tests are similar in Canada and the U.S.A.  Walls in both 

countries fail at about the same time and are assigned the same fire-resistance ratings.  Walls fail in 
both countries when the studs have deteriorated to the point that the wall can no longer support the 
applied load (that is, the failure mode is structural failure). 

• The applied structural loads during fire tests in Japan are about 60% of those applied in Canada.  
Walls in Japan fail considerably later (about 40% later) and are assigned greater fire-resistance 
ratings.  The failure mode in both countries, however, is structural failure. 

• The applied structural loads during fire tests in Australia are about 40% of those applied in Canada.  
Walls in Australia fail considerably later and are assigned greater fire-resistance ratings.  Whereas, 
the failure mode in Canada is structural failure, walls in Australia fail by heat penetration (insulation 
failure).  Consequently reducing the applied load any further would not yield a lower fire-resistance 
rating. 

• As has been observed in fire-resistance tests (Project 1083), Mr. Al Duailej’s simulations 
demonstrated that mineral-wool insulation protects wood studs after failure of the exposed gypsum 
board for quite some time, and delays both structural and insulation failures considerably.  Mineral 
wool insulation makes the different loads applied in different countries of less significance.  

 
On the basis of Mr. Al Duailej’s work, it can be concluded that a wood-stud wall tested in Canada (or the 
USA) exhibits a lower rating than an identical wall tested in Asia, Europe or Australia / New Zealand.  As 
studs in wall assemblies exported to Asia from Europe and New Zealand are of different species and 
dimensions, Asian authorities may conclude that Canadian walls exhibit lower ratings, not because higher 
loads are applied during tests, but because Canadian lumber and building practices are inferior.  Not only 
is the Canadian industry under-estimating the performance of its assemblies in Asian markets, but it is at a 
competitive disadvantage with its competitors in that market. 
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5.3.6 Kemano house fires 

Attempts to compare model predictions with experimental data generated in the Kemano house fires 
continued in 2004-2005. 
 
A paper entitled “Analysis of fire experiments conducted in wood-frame houses” by J.R. Mehaffey, S.T. 
Craft and L.R. Richardson was presented by L. Richardson at the 5th International Conference on Wood 
& Fire Safety held April 18-22, 2004 in the Slovak Republic. The paper, based on the research undertaken 
by Mr. Steve Craft reported in the Progress for 2003-2004 in this project, demonstrated the ability of 
current models to predict the outcome of several fire experiments conducted by Forintek in Kemano.  It 
was shown that the predictions of WALL2D for the temperature between fire-rated gypsum board and 
wood studs in walls agreed well with the measured values.  The predictions of BREAK1, a commercially 
available computer model, were found to be very close to the times at which window glass was observed 
to crack.  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.  The paper was 
published in the Conference Proceedings (Mehaffey, 2004). 
 
Mr. M. Al-Duailej conducted a second directed studies project under the joint supervision of Dr. 
Mehaffey and Prof. Hadjisophocleous.  He made a detailed assessment of one of the experiments 
conducted by Forintek in 2001 in a furnished wood-frame house in Kemano BC.  A brief summary of his 
findings follows: 
• From temperature data measured during the experiment, he was able to demonstrate that a light 

switch and an electrical outlet box in gypsum-board protected wood-stud walls did not provide 
avenues for fire spread into the neighbouring bathroom.  A thermocouple placed on a light fixture in 
the ceiling malfunctioned early in the experiment so no conclusions could be draw as to whether the 
light fixture provided an avenue for fire spread into the attic. 

• He employed the computer model CUsmoke (developed at Carleton University by Prof. 
Hadjisophocleous) to predict the temperature of the fire as it advanced from the bedroom of fire 
origin, into a corridor and then into a second bedroom.  The predictions of CUsmoke compared well 
with the experimental measurements of temperatures in these three rooms. 

A more detailed discussion of his findings is reported in the General Revenue Report for Project 4478. 
 
Finally, Mr. M. Al-Duailej was undertaking his non-thesis M.Eng. project under the joint supervision of 
Dr. Mehaffey and Prof. Hadjisophocleous.  Although data from several of the fire experiments conducted 
by Forintek in Kemano in 2001 had been analysed, there were still data that had not been.  He was to 
prepare a single report summarising all of the data and findings of the six Kemano experiments.   
 
5.3.7 Other Related Developments 

5.3.7.1  National Research Council initiatives 

J.R. Mehaffey was an invited guest at a meeting of NRC scientists convened to discuss a new project 
proposal on the impact of real fires on multi-family dwellings.  While the NRC project on Fire Safety in 
Canadian Housing (Forintek Project 4476) addresses fire performance of unprotected basement floors in 
single-family houses, this proposed project will address the fire performance of fire-rated party walls 
between units in low-rise multi-family buildings and, in particular, their ability to prevent fire spread to 
other units.  A pilot survey of fire loads and floor layouts in Canadian residential units had been 
completed and consideration had turned towards selecting appropriate design fires.  Experiments in 
furnished rooms and houses are being planned as are fire modelling analyses.  This NRC project overlaps 
with the work planned for Forintek Project 3637 and will be closely monitored.  In fact, the recent interest 
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in the fire-safety of low-rise wood-frame housing at NRC, reflected in the establishment of these two 
projects, is something Forintek and the wood industry must continue to monitor.   
 
To use engineering methods to design fire-protection systems requires knowledge of the appropriate 
design fires to be employed in evaluating designs.  In an attempt to address the issues and challenges 
surrounding the selection of design fires, NRC decided to convene a Workshop on Design Fires May10, 
2005 in Ottawa.   Dr. Mehaffey was invited to make a presentation during the Workshop on the work 
underway at ISO to provide guidance on the selection of design fires. 
 
5.3.7.2 Vancouver Convention Centre Expansion Project 

Dr. J.R. Mehaffey was asked to provide a third-party peer review of a performance-based fire and smoke 
modelling analysis being undertaken by LMDG Building Code Consultants Ltd. on the proposed 
Vancouver Convention Centre.  The Centre is to be an important Olympic Venue and, with the assistance 
of WoodWorks and the government of B.C., will showcase wood products.  The modelling analysis 
addresses a number of design issues including use of wood roof structures, interconnected floor-space 
requirements and spatial separation between new and existing buildings.  The modelling would be used to 
identify and support alternatives (equivalencies) to prescriptive requirements of the Vancouver Building 
By-Law.  Dr. J.R. Mehaffey participated in meetings with the design team and building officials to 
discuss the proposed fire modelling analysis.  Subsequently he provided detailed comments on the 
proposal.  Although this work is proceeding under contract, it is mentioned here because it addresses the 
objectives of this project; namely, to demonstrate that performance-based fire-safety design of wooden 
structures can be accomplished using existing tools. 
 
5.3.7.3 Analysis of barn fire 

A fire near Ottawa resulted in a large loss of corn stored in silos.  The farmers sued the fire department for 
attempting to suppress the fire in a wooden barn while failing to take actions to protect the silos as 
requested.  The lawyer representing the farmers retained Dr. Mehaffey to provide expert opinion on the 
fire development.  Given the agreed upon status of the fire at the time of arrival of the fire fighters, Dr. 
Mehaffey employed mathematical models to predict the course of the fire given the actions of the fire 
fighters on the scene (the results of which matched well with reality) and the course of the fire had the fire 
fighters responded to the requests of the farmers.  Although this work was undertaken under contract, it is 
mentioned here because it also addresses the objectives of this project; namely, to demonstrate that fire 
modeling has evolved sufficiently to predict the course of fire through wooden structures.   
 
5.3.7.4 Evolution of performance-based regulations 

J.R. Mehaffey participated in the 5th International Conference on Performance-based Codes and Fire 
Safety Design Methods held in Luxembourg.  The first day was dedicated to papers addressing the status 
of performance-based codes.  Regulations facilitate performance-based design for fire safety in New 
Zealand, Australia, the U.K. and Japan.  Most Member States of the European Union will introduce fire 
safety engineering alternatives to prescriptive design by 2010.  During the summer of 2005, Canada will 
introduce objective-based codes which will pave the way for performance-based design.  The USA has 
developed model performance-based codes which are being used to establish equivalencies to prescriptive 
codes.  On the second day, the development of design tools and practical experience accrued by 
practitioners undertaking performance-based design were discussed.  A paper entitled “Developing 
Standards for Fire Safety Engineering within ISO TC92/SC4” by J. Kruppa, J.R. Mehaffey, D. Brein, R. 
Alpert and J. Hall was presented by J. Kruppa.  A paper presented by H. Landrø (Norway) outlined how 
fire safety engineering has been employed to devise strategies for heritage neighbourhoods in order to 
prevent conflagrations while preserving the wooden exteriors of buildings.  During the last day, five case 
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studies were presented by groups from Australia, Japan, USA, UK and France.  Each group employed 
fire-safety engineering principles to design a transportation facility with a major railway link, a bus 
station, waiting rooms, retail stores, restaurants and office space.  Interestingly, the approaches taken by 
the five groups were quite different, in large measure because of different cultural values. 
 
5.4 Progress in 2005-2006 

5.4.1 Predicting the fire performance of wood-joist floors  

Computer models such as WALL2D (Takeda, 1998) or HTWall (Takeda, 2004) are available to predict 
the fire-resistance ratings of wood-frame assemblies protected by gypsum board.  Such models treat 
calcination (dehydration) of gypsum as occurring over a fixed temperature range (WALL2D) or as 
characterized by apparent specific heat data generated at one fixed heating rate (HTWall).  The pyrolysis 
of wood is treated the same way as calcination of gypsum.  Moisture movement in both the gypsum board 
and structural wood members is not explicitly modeled, but rather loosely treated by calibration of 
properties such as thermal conductivity.  Despite these shortcomings, such models are able to predict the 
performance of assemblies conditioned to a prescribed temperature and moisture content, and then 
exposed to a standard fire-resistance test in which temperatures increase monotonically.   
 
Risk assessment models, such as CUrisk developed at Carleton University, simulate the response of 
assemblies for a variety of design fires under a variety of initial conditions (including seasonal variations 
in the moisture content of wood).  For scenarios that differ dramatically from standard fire-resistance 
tests, such as those with a rapid heating phase followed by a cooling phase, more accurate representations 
of the performance of gypsum board and wood are required.  Better models for gypsum and wood are also 
needed to address unusual design objectives, such as assuring that sufficient gypsum board is applied so 
that wood-framing does not burn and can be re-used following a fire.  Better models would also be 
helpful in forensic analyses in which fire modelling of wood-frame assemblies is required.    
 
To fulfill the course requirements for his Ph.D. degree, Mr. Steve Craft completed a directed studies 
project under the supervision of Dr. Mehaffey and Prof. Hadjisophocleous.  To this end a series of 15 
thermal gravimetric analysis (TGA) tests were completed at the National Research Council to characterise 
the thermal decomposition of gypsum board and wood at several heating rates likely to be encountered in 
fires.  Using this data as input, Arrhenius expressions were developed to predict the mass loss rates of 
gypsum as it undergoes calcination and wood as it undergoes pyrolysis under any heating or cooling 
regime.  Preliminary results from this work were very encouraging and were summarised in a poster 
entitled “Fire Response of Gypsum Board and Wood Framing” which was displayed during the 8th 
International Symposium on Fire Safety Science September 18-23 in Beijing and published in the 
Symposium Proceedings.  A more detailed discussion of Mr. Craft’s efforts in developing Arrhenius 
models is provided in the report for Project 4478. 
 
These Arrhenius models for calcinations of gypsum board and pyrolysis of wood have been imported into 
the heat and mass transfer model for wood-joist floor assemblies exposed to fire that Mr. Craft is 
developing as part of his PhD studies.  Early results suggest that the treatment of gypsum board in earlier 
models such as WALL2D and HTWall is poorly equipped to deal with the rapid heating rates often 
observed early in real fires and, of course, cannot address the cooling phase.  Although still early in the 
process, attempts are underway to model the migration of moisture in wood during fire exposure.  While 
the presence of moisture slows down the rate of heating, high temperatures coupled with high moisture 
contents degrade wood’s strength.  So the overall thermal and structural response of wood-framing is 
sensitive to moisture migration.  Mr. Craft’s progress in developing a heat and mass transfer is being 
summarized in a paper entitled “Predicting the Fire Resistance of Light-Frame Wood Floor Assemblies” 



Application of Fire Models in Building Construction 

 
 

 
 
  14 of 22 

 

that has been accepted for presentation at the 4  International Workshop on th Structures in Fire, SiF’06, 
May 10-12, 2006 at the University of Aveiro in Portugal.  The paper is being co-authored by S.T. Craft, 
J.R. Mehaffey, G.V. Hadjisophocleous, and B. Isgor and is based on Mr. Craft’s work 
 
Lu Ling, a Ph.D. candidate at Carleton University, is planning develop a model to predict the structural 
response of wood-frame floor assemblies exposed to fire.  Temperature and moisture content data in the 
joists generated by Mr. Craft’s heat and mass transfer model will become input data For Ms. Ling’s 
structural response model. 
 
5.4.2 Worked examples: Performance-based design 

Another deliverable in this project was to undertake performance-based design of a building as a 
showcase study.  During 2004-2005, the methodology developed in this project was applied to the 
performance-based design of two wood-frame buildings: a three-storey hotel and a three-storey office 
building.  The methodology complete with these examples was also presented in some detail in three 
different venues in 2004-2005. 
 
In 2005-2006, another application of the methodology was to be undertaken.  Prof. Hadjisophocleous of 
Carleton University has developed CUrisk, a model to evaluate fire safety designs for four-storey wood-
frame commercial buildings (Project 2400).  The first building he analyzed was a wood-frame version of 
the Carleton Technology Training Centre (CTTC), the building in which Forintek’s Fire Research Group 
is housed.  It had been planned to use this building to undertake performance-based design for fire 
resistance as a showcase study in this project.  However, the analysis was not fruitful.  The methodology 
developed in this project was intended for highly compartmented buildings such as apartment buildings 
and office buildings in which walls between suites must be fire-rated.  The CTTC building is not 
compartmented in this fashion but is rather open with an atrium.  CUrisk has demonstrated that the fire-
resistance ratings of assemblies in the CTTC building are of minor importance in delivering fire-safety in 
the building.  Smoke movement is the principle problem in this rather open building and is best addressed 
by the use of sprinklers.  Consequently, the methodology developed in this project, though useful for 
highly compartmented wood-frame buildings, was not used to study the CTTC building. 
  
5.4.3 International Symposium on Fire Safety Science 

September 18-23, J.R. Mehaffey attended the 8th International Symposium on Fire Safety Science which 
was hosted in Beijing by the International Association for Fire Safety Science (IAFSS).  The Symposium 
is held on a three-year cycle, and typically attracts the best and most important work of the global fire 
safety science community – everything from fundamental breakthroughs to new best practices.  A copy of 
a Trip Report is available from J.R. Mehaffey.  The following summarises papers and posters presented 
during the Symposium that relate to this project:  
• A. Frangi, “Fire Performance of Timber Structures under Natural Fire Conditions”.  Full-scale fire 

tests were conducted on wood-frame hotel suites.  Fire-resistant construction was shown to prevent 
fire spread through boundaries to other suites.  If walls and ceiling were lined with gypsum board, 
flames issuing through windows were not sufficiently intense to cause fire spread along a combustible 
façade to a suite above.  Fast response sprinklers quickly suppressed fires (when OSB room linings 
were present), limited damage in the suite of fire origin and prevented fire spread along a combustible 
façade to suites above.  

• J. Hietaniemi, “Risk-Based Attestation of Fire Safety of Wooden Facades in Concrete-Framed 
Residential Multi-Storey Buildings”.  During renovation of 4-storey reinforced-concrete apartment 
buildings, designers like to replace non-combustible façades with wooden façades.  Statistics show 
the primary concern is fire spread along a façade from the apartment of fire origin to apartments 
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above.  Fire modelling demonstrated that for apartments lined with gypsum board, flames issuing 
through windows do not generally cause fire spread along a façade.  For apartments lined with wood 
products, flames issuing through windows do cause fire spread to an apartment above whether the 
façade is wood-based or not.  That is, a combustible façade plays a minor role in fire spread.  

• B. Karlsson, “Repeatability Tests of a Fire Risk Index Method for Multi-Storey Apartment 
Buildings”.  European Nordic countries developed a fire risk index method for evaluating multi-
storey apartment buildings.  The method employs 17 parameters which are assigned values according 
to the presence of sprinklers, the structure’s fire-resistance rating, the nature of the detection system, 
the flammability of room linings, etc.  The simple index method ranks the fire safety of buildings in 
the same order as comprehensive quantitative analyses. 

• J. König, “Structural Fire Design of Timber Structures According to Eurocode 5”.  The European 
method for designing wood-frame assemblies to meet prescribed fire-resistance requirements was 
described.  Simple approaches are used to model charring of wood and the protection afforded by 
gypsum board.  The methodology cannot be used for performance-based design if the building must 
withstand both the heating and cooling phases of a fire. 

• I. Thomas, “Quantified Levels of Risk to Life Safety in Deemed-to-Satisfy Apartment Buildings”.  
Twelve apartment buildings compliant with Australian codes were modelled to determine the risk to 
life safety due to fire.  The rate of death per 1000 fires for occupants outside the apartment of fire 
origin was found to be greater in mid-rise than in low- or high-rise apartment buildings.  This is 
because evacuation from low-rise buildings (< 4 storeys) is straightforward and fire development in 
high-rise buildings (> 7 storeys) is limited by sprinklers.  The findings are in line with Australian fire 
loss statistics.  

• J.R. Mehaffey manned a joint Forintek / Carleton University poster Fire Response of Gypsum Board 
and Wood Framing by S. Craft, J.R. Mehaffey, G. Hadjisophocleous and B. Isgor.  Existing computer 
models (like WALL2D) are designed to predict the performance of wood-frame assemblies during 
fire-resistance tests in which temperature increases monotonically.  For scenarios involving a rapid 
heating phase followed by a cooling phase, such as those encountered in performance-based design, 
better representations of the performance of gypsum board and wood are required.  The poster 
described attempts to model the calcination of gypsum board and pyrolysis of wood with first-order 
Arrehenius expressions.   

 
During the 8th International Symposium, J.R. Mehaffey had discussions with Dr. B. Ostman of Trätek, 
Sweden’s wood products laboratory, about the limited fire research conducted by the wood products 
industry around the world.  This is short-sighted given the global move towards performance-based 
design and the possibility of accessing new Asian markets.  It would be useful to establish collaborative 
fire research among national wood products laboratories.  As a first step, Dr. Ostman will update her 
paper “National Fire Regulations in Relation to the Use of Wood in European and Some Other Countries 
2002”.  Globally, since 2002, there have been relaxations in height and area requirements for wood-frame 
buildings and an increased use of performance-based codes that foster the use of wood-frame 
construction.  Mehaffey agreed to provide her with input about Canadian regulations and to assist in 
compiling data for Asian countries.  Following completion of this study, opportunities for global 
collaborative ventures will be sought. 
 
5.4.4 Technology transfer related to performance-based design 

5.4.4.1 Workshop on design fires 

With the introduction of an objective-based building code in Canada, the design of building fire 
protection systems using fire safety engineering methods is expected to increase over the next decade.  An 
important step in a fire safety engineering approach is the identification of the appropriate design fires 
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that should be considered.  In an attempt to describe the issues and challenges that need to be resolved 
with respect to design fires, the National Research Council of Canada (NRC), in collaboration with 
Carleton University and Forintek held a one-day Workshop on Design Fires at NRC in Ottawa.  The 
workshop addressed topics such as the definition of design fires, the role of design fires in regulation, the 
existing international committees looking at developing guidance on the selection of design fires, and the 
technical issues involved in developing design fires.  A number of invited speakers made presentations 
including J.R. Mehaffey who spoke on international (ISO) activities related to design fires.  
 
5.4.4.2 Contribution to SFPE Handbook of Fire Protection Engineering 

In a joint effort, the Society of Fire Protection Engineers (SFPE) and the National Fire Protection 
Association (NFPA) plan to publish the 4th Edition of the SFPE Handbook of Fire Protection Engineering 
in late 2006.  The Handbook is intended to summarise the scientific underpinnings of fire protection 
engineering in a readily accessible form.  As the discipline has become more engineering based, the 1,509 
page 3rd Edition has become an essential reference for engineers around the world involved in fire 
protection.  It contains a comprehensive discussion of fire science and fire safety engineering principles as 
well as a state-of-the-art collection of fire property data needed for fire modelling.  At the invitation of 
SFPE and NFPA, Prof. G. Hadjisophocleous and Dr. J.R. Mehaffey have written a Chapter entitled “Fire 
Scenarios” for the 4th Edition.  The number of possible fire scenarios in a facility can be very large and 
must be reduced to a small set of design fire scenarios before a fire modelling analysis (or performance-
based design) can be undertaken.  The Chapter introduces a methodology for the selection of design fire 
scenarios that is tailored to the fire-safety design objectives, and accounts for the likelihood and 
consequences of potential scenarios.  For each design fire scenario, guidance is given on how to select a 
design fire that will form the basis of a fire modelling analysis.  Participation in writing such documents is 
part of the Fire Group’s strategy to foster acceptance of performance-based design for fire safety.  By 
assessing the ability of building products and assemblies to meet well-defined fire-safety performance 
expectations, performance-based design effectively eliminates the inequitable treatment of wood products 
that is present in prescriptive codes in which the basis for regulation is not measured performance, but 
perceived risk. 
 
5.4.4.3 American Society of Civil Engineers 

The Reliability Based Design Committee of ASCE has been awarded a Special Project entitled "The Next 
Step for ASCE 16: Performance-based Design of Wood-frame Structures".  An Invitational Workshop on 
Performance-based Design (PBD) of Wood-frame Structures was held at Colorado State University.  
During the Workshop, ASCE Committee 16 decided that before it can develop a PBD code it must review 
the literature on PBD of wood-frame structures.  J.R. Mehaffey has been contacted to provide ASCE 16 
with an introduction to PBD literature on the fire performance of wood-frame construction.  A brief 
listing of the pertinent literature is being prepared.  Mehaffey will monitor developments in this initiative 
as it may be a good venue for putting forward the methodology developed in this project. 
 
5.4.4.4 Seminar hosted by Asia-Pacific Economic Cooperation 

May 23-24, J.R. Mehaffey participated in Building Confidence in Timber: A Seminar on Fire Safe Use of 
Timber in Construction.  The Seminar was staged in New Zealand under the auspices of APEC (the Asia-
Pacific Economic Cooperation organization).  Attendance was very good with 91 participants 
representing 19 APEC countries.  The primary objective of the Seminar was to inform regulators and 
other experts in fire safety and construction in the APEC region with approaches to managing fire risks 
that do not unnecessarily impede the use, and therefore trade, in wood products.  Invited international 
speakers made presentations addressing fire safety regulations and the fire performance of timber.    The 
Seminar comprised six Technical Sessions with the following objectives: 
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• To provide an overview of building control frameworks in different APEC economies, how such 
systems have evolved from a prescriptive to performance-based regime and what challenges 
have been encountered during the implementation process. 

• To provide examples of how national building codes in different APEC economies allow the use 
of timber in relation to fire performance, what balance exists between a prescriptive and a 
performance-based approach, the role that test methods and design standards play and how active 
and passive fire protection technology are utilised. 

• To illustrate how a risk-based approach to fire safety engineering can be adopted in a 
performance-based environment as an alternative to prescriptive approaches, from the 
perspective of fire fighting agencies, fire safety consultants and fire researchers. 

• To demonstrate how buildings constructed from timber products perform in a variety of fire 
situations, what mitigation strategies are used internationally and how fire performance can be 
measured and evaluated in a laboratory environment. 

• To demonstrate how research on the fire performance of timber, in the APEC region, fits within 
the international research arena and facilitates the introduction and consolidation of 
performance-based design.  

• To give the wider building industry within the APEC region the opportunity to show real 
examples of how timber can be used successfully as a construction material.  

 
J.R. Mehaffey made the following two presentations during the Seminar. 

• “Canadian fire-safety regulations governing the use of timber in buildings”.  The paper reviewed 
the prescriptive fire-safety requirements which govern the construction of timber buildings in 
Canada.  It concluded with a discussion of Canada’s intention to adopt objective-based regulations 
and how they will foster application of performance-based design techniques. 

• “Documenting the fire performance of Canadian wood-frame houses”.  The paper began with an 
assessment of the performance of Canadian wood-frame housing as reflected in fire loss statistics.  
The paper then addressed the performance of Canadian wood-frame housing as observed in fire 
experiments performed in fully-furnished wood-frame houses in Kemano, B.C.   

 
5.4.5 Other related developments 

5.4.5.1 Vancouver Convention Centre Expansion Project 

On November 16, J.R. Mehaffey participated in meetings in Vancouver with the design team and building 
officials responsible for designing and approving the Vancouver Convention Centre Expansion Project 
(VCCEP).  Subsequently he prepared a report summarising his third-party peer review of performance-
based fire and smoke modelling analyses undertaken by LMDG Building Code Consultants Ltd.  The 
VCCEP is six storeys in height with floors 3.5 m, 9 m, 14 m, 18 m, 25 m and 32 m above sea level.  It is 
characterised by large numbers of occupants, a potentially wide range of combustible contents, large 
volume “rooms” and high ceilings.  Writers of the building code never envisioned such large buildings so 
it is not surprising that modelling had to be employed to address design features that were not code 
compliant.  A description of each noncompliant feature, the proposed alternative design strategy and the 
modelling undertaken to demonstrate that the proposed design provides a level of safety equivalent to that 
intended by the code is given below.  Although this work was undertaken as a contract, it is mentioned 
here because it demonstrates how performance-based design can be used to deliver fire-safe buildings 
which are noncompliant with existing prescriptive building code requirements.  One of the noncompliant 
features is the use of architectural glulam beams in the ceiling of a Ballroom.   
• An exhibition hall on the first storey is huge: Its floor is approximately 240 m x 95 m (area ~ 23,000 

m2) with a ceiling height of 10.7 m.  In much of the hall, travel distances to exits exceed the code 
prescribed 45 m.  The small perimeter to area ratio inherent in large rooms means the exit capacity 
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(total width of exits) is also not compliant with code requirements for the design occupant load of 
16,000.  A dual sprinkler system (two interspersed sprinkler systems with separate piping and supply) 
was designed to ensure reliable fire suppression.  Fans were grouped into zones with electrical power 
supplied independently to each zone to ensure a reliable smoke exhaust system.  Mathematically 
modeling of the “worse-case” scenario, a shielded fire in a two-storey exhibit booth, demonstrated the 
heat release rate of the fire did not exceed 14 MW and the smoke exhaust system kept the smoke 
layer 4.6 m above the floor.  This design strategy was deemed acceptable because occupants can 
evacuate safely despite the noncompliant design features.  

• Although the code requires that structural elements in the exhibition hall have a two-hour fire-
resistance rating, it is proposed to leave the upper part of steel columns and the steel trusses they 
support exposed for aesthetic reasons.  The lower 6.5 m of the columns are to be encased in sufficient 
thickness of concrete to meet the two-hour rating.  Mathematical modeling demonstrated that the dual 
sprinkler system together with the fact that the structural steel is high above the source of fire ensures 
the exposed structural steel in the upper part of the hall does not reach temperatures in excess of 
290°C even for the most severe exposure envisioned in the hall.  As structural steel members can 
withstand temperatures in excess of 500°C without failing, the exposed steel structure is sufficiently 
fire resistant for the purpose even though it does not come close to exhibit the required 2 hour rating. 

• The B.C. government insisted that the VCCEP “showcase” B.C. wood products.  As a consequence, 
even though the code requires the ceiling to be noncombustible, architectural (i.e. non-load-bearing) 
suspended ceilings constructed of 89 mm x 133 mm glulam (or possibly parallam) slats 381 mm on 
centre are to constructed in a large Ballroom on the 4th storey and in the pre-function areas on the 4th 
and 5th storeys.  Mathematical modelling demonstrated that the dual sprinkler system coupled with the 
high overhead space ensured that the glulam slats cannot be ignited for severe but credible fires that 
could develop in these areas.  Consequently, although combustible, the use of glulam slats in the 
ceiling does not constitute a fire hazard.  

• The VCCEP will incorporate large floor openings serving elevators, escalators and open stairs. 
“Atrium floor openings will extend from a lobby on the 1st storey through (but not opening onto) the 
2nd and 3rd storeys and then open into pre-function areas on the 4th, 5th and 6th storeys.  The proposed 
design is noncompliant with prescriptive code provisions for travel distance to exits, exit capacity, 
protected vestibules and, potentially, quantity of combustibles.  Furthermore, it is intended that open 
stairs through the interconnected floor spaces be part of the exits from the 4th, 5th and 6th storeys.  
These open stairs, which are the principal and most-familiar means of access for occupants, do not 
meet prescriptive code provisions that require exit stairs to be enclosed by rated fire walls.  
Mathematical modeling demonstrated that the dual sprinkler system and smoke exhaust fans proposed 
for the interconnected floor spaces can maintain or restore (once sprinklers and fans were activated) 
tenable conditions in the pre-function areas and on the open stairs for the severe but credible design 
fires considered.  This means that these open stairs can be counted on as a safe, prudent and natural 
component of the global exiting strategy for the VCCEP. 

• An above-ground pedestrian walkway will connect the 2nd storey of the VCCEP with the 2nd storey 
conference facilities in neighbouring Canada Place.  To facilitate pedestrian circulation between the 
two buildings, both ends of the walkway will be left open.  This is not compliant with the code which 
requires that each end of the walkway be protected by fire-rated doors.  Mathematical modeling 
demonstrated that a close-spaced water-curtain sprinkler system at each end of the walkway prevents 
fire from spreading between the buildings through the walkway.  Modelling also demonstrated that 
the smoke management system proposed for the VCCEP and the system in Canada Place also prevent 
smoke from spreading between the buildings through the walkway even if the water is not activated. 
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5.4.5.2 Re-roofing project in Beijing 

The Canada Wood Group has identified an opportunity to demonstrate the use of computer models in 
delivering performance-based design of wood-frame buildings in China.  The Beijing Municipal 
Government wants to re-roof and upgrade a large number of six-storey multi-family buildings before the 
2008 Olympics.  A demonstration project is planned whereby two six-storey apartment complexes will be 
employed to test potential roofing solutions.  If they are deemed acceptable, they will be utilized 
extensively.  Although a steel-truss design has already been approved, a wood-truss solution is also being 
developed.  This will not be done in time for the demonstration project since there are major fire-safety 
issues to be resolved.  However a fire protection engineering firm (LMDG) has been hired to assess the 
viability of utilizing wood trusses to create a pitched roof assembly on existing concrete buildings with 
and without a new storey of living space.  Performance-based design techniques are being used to identify 
design details that render a wood truss option fire safe.  The project has commenced under contract with 
Dr. Mehaffey providing overall strategic input and advice to the fire protection engineering firm.   
 
5.4.5.3 The Catholic University of Chile 

The Catholic University of Chile hosted its 4th International Seminar on Fire Protection Engineering 
entitled “Behaviour of Wood Structures in Fire” June 22-24 in Santiago, Chile.  The University is playing 
the leading role in introducing fire safety engineering in Latin America.  The Seminar attracted 50 
attendees including engineers, architects and wood industry representatives.  J.R. Mehaffey, an invited 
speaker at the Seminar, offered 3 presentations: 
• Fire safety regulations governing wooden structures: Maximum permitted areas and heights of 

wooden structures in Canada were reviewed.  Requirements for structural fire protection, 
compartmentation and flammability in such structures were also discussed.  A comparison of 
Canadian provisions with those in Asian and European countries was also undertaken. 

• Light-frame structures:  The good fire performance of Canadian wood-frame buildings was reviewed.  
The presentation discussed fire-resistance ratings of assemblies as assessed by the fire resistance test 
(used in prescriptive design) and recent advances in modelling the fire performance of wood-frame 
assemblies in natural fires (used in performance-based design). 

• Timber Structures:  The fire performance of structures built with large cross-section timber elements 
was reviewed including an overview of typical charring rates and the performance of connections.  
The presentation discussed fire-resistance ratings of timber structures as assessed by the fire 
resistance test (used in prescriptive design) and recent advances in modelling the fire performance of 
heavy timber structures in natural fires (used in performance-based design). 

 
5.4.5.4 Fire and Materials 

A paper written by I.M. Van Zeeland, J.R. Mehaffey and J.J. Salinas entitled “Compressive Strength of 
Lumber at High Temperatures” has been published in Fire and Materials 29 (1), 71-90 (2005).  The paper 
is a summary of research undertaken by Ms. Van Zeeland for her M.A.Sc. degree.  A number of years 
ago, P. Lau undertook a series of experiments in which nominal 2 x 4 studs were loaded in compression 
while exposed to elevated temperatures.  Based on the data generated in these tests, Ms. Van Zeeland 
developed a model to predict the reduction in ultimate compressive strength of studs as a function of 
temperature. 
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6 Discussion 
This final report summarises progress in the fourth and last 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.   
 
Promoting the use of wood-frame construction in Asian countries has often been hindered by the fact that 
fire-resistance ratings assigned to wood-frame assemblies in Canada were lower than those assigned to 
similar walls in most other countries.  This has given the mistaken impression that fire-safety was not a 
high priority in Canada.  Forintek undertook an assessment of the differences in the way fire tests are 
conducted in different countries.  Although there were small differences in the fire exposure during tests, 
it was learned that in most countries the structural loads applied during fire tests are lower than those 
applied in Canada.  Computer models developed at Forintek were then applied to assess the fire-resistance 
ratings of wood-frame walls when subjected to the various tests.  It was learned that the differences in 
fire-resistance ratings quoted in different countries is entirely due to the different loads applied during the 
tests.  Given the same exposures and loads, Canadian assemblies perform as well as any other country’s. 
 
A methodology for delivering performance-based design for fire-resistance of compartmented wood-
frame buildings (i.e., apartment or office buildings) was developed.  The methodology entails modelling 
the anticipated fire severity during a building fire and then using Forintek’s computer models to predict 
the fire performance of wood-frame assemblies protected by gypsum board.  The methodology was 
applied to the design of two wood-frame buildings: a three-storey hotel and a three-storey office building.  
To both promote it and to solicit feedback, the methodology was presented by J.R. Mehaffey at three 
venues in Canada.   
 
Fire models have also been used to assess the performance of wood products in a variety of practical 
applications in domestic and international markets. 
• Along with students at Carleton University, computer fire models have been shown to simulate the 

results of fire experiments conducted in wood-frame houses in Kemano BC.  This effort has given 
confidence that fire modelling is sufficiently accurate to be successfully applied in performance-based 
fire-safety design. 

• Fire models were employed in the design of fire experiments that demonstrated that spatial separation 
requirements between wood-frame buildings incorporated into the Chinese Timber Code, GB 50005, 
at the request of Canada were safe.   

• Although not compliant with the building code, suspended glulam ceilings were to be constructed in a 
Ballroom and in several pre-function areas in the Vancouver Convention Centre Expansion Project.  
Performance-based design (employing fire models) was employed by a fire protection firm to 
demonstrate that this design feature was safe.  As Forintek scientists had the appropriate expertise, 
they were called upon to undertake third-party peer review of the performance-based analysis. 

• Beijing wants to re-roof a large number of six-storey multi-family buildings.  A fire protection firm 
has been hired by the Canada Wood Group to assess the viability of utilizing wood trusses to create a 
pitched roof assembly on existing concrete buildings with and without a new storey of living space.  
Performance-based design techniques are being used to identify fire-safe design options with Forintek 
providing overall strategic input and advice to the fire protection engineering firm.   

 
Efforts have been made to promote performance-based design at home and in Canada’s export markets as 
a strategy to eliminate the inequitable treatment afforded wood products by prescriptive codes.  
• Forintek scientists made two presentations during Building Confidence in Timber: A Seminar on Fire 

Safe Use of Timber in Construction.  The primary objective of the Seminar was to inform regulators 
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in the APEC region with approaches to managing fire risks that do not impede the use, and therefore, 
trade in wood products unnecessarily.  

• The 4th Edition of the SFPE Handbook of Fire Protection Engineering will be published in late 2006.  
Prof. G. Hadjisophocleous and Dr. J.R. Mehaffey have written a Chapter entitled “Fire Scenarios” for 
the 4th Edition.  The Chapter introduces a methodology for the selection of design fire scenarios and 
design fires that form the basis of a fire modelling analysis.  Participation in writing such documents 
is part of the Fire Group’s strategy to foster acceptance of performance-based design for fire safety.  

• Forintek scientists are participating in the deliberations of ISO TC92 SC4 WG12.  The Working 
Group is addressing the performance of structures in fires and hence the methodology developed in 
this project is being considered.   

• Forintek scientists made three presentations during the 4th International Seminar on Fire Protection 
Engineering “Behaviour of Wood Structures in Fire” hosted by the Catholic University of Chile.  The 
University is playing the leading role in introducing fire safety engineering in Latin America. 

 
Efforts are well advanced to develop improved fire models for predicting the thermal and structural 
response of wood-frame assemblies.  These improved models are required for performance-based design 
in which fires typically grow quickly and after burning at a steady rate for some time undergo a decay 
phase.  The thermal response will be predicted using a heat and mass transfer model and the structural 
response using finite-element techniques.  Further development of these models will be done in 
collaboration with the Chair in Fire Safety Engineering at Carleton University and with his students. 
 
To sum up, significant progress was made towards achieving the original objectives of the project.  In 
addition, several other applications of fire models have been identified that further the interests of the 
Canadian wood industry and appropriate research is being initiated.   
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