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Application of Fire Models in Building Construction

Abstract
This report summarises progress in the third year of this multi-year project in which fire models are being 
applied to address a number of market access issues of interest to the Canadian wood industry. During 
2004-2005, models were used to deliver fire-safe design of wood-frame buildings in a performance-based 
environment, to address Asian concerns about the fire performance of Canadian wood-frame assemblies 
and to analyse the results of fire tests conducted in furnished houses.

A methodology for undertaking performance-based design to ensure that wood-frame buildings have 
adequate fire resistance has been developed. The methodology can be applied to the design of any 
building with a high degree of compartmentation such as hotels, apartment buildings, office buildings, 
etc. To both promote it and to solicit feedback, the methodology has been presented at three venues:

1. During the Short Course offered to practicing engineers by Carleton University May 19-21.
2. During a CWC Wood Solutions Fair in Toronto, September 21.
3. During the graduate course at Carleton University in the winter term of 2005.

As a next step, a formal protocol for performance-based fire-safety design of wood-frame buildings will 
be developed and submitted to the appropriate ISO Committees for consideration.

The methodology has been applied to the design of two wood-frame buildings: a three-storey hotel and a 
three-storey office building. Typical layouts and suite sizes were chosen and, in compliance with the 
National Building Code of Canada (NBCC), neither building was sprinklered. It was found that 
appropriate fire-resistance ratings for the structure of the buildings and for key separations were close to 
what the NBCC requires. However, the methodology allows the designer to choose atypical conditions 
and tailor the fire resistance requirements to the actual building layout. Plans have been made to revise 
the methodology to address sprinklered buildings in 2005-2006.

Models been employed to investigate the impact on fire-resistance ratings of the different structural loads 
applied to wood-frame walls during tests in different countries. It was found that, because of the high 
loads applied in Canada, the fire-resistance ratings assigned to wood-frame walls are lower than those 
assigned in Asia, Europe or New Zealand. As studs 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 underestimating the performance of its 
assemblies in Asian markets, but it is at a competitive disadvantage with its competitors in that market.

Experimental data from the Kemano house fires are still be analysed. Several projects undertaken by 
students at the Carleton University have demonstrated that current models can predict well the outcome of 
fire in wood-frame buildings. Such well-validated models are a pre-requisite for acceptance of 
performance-based design. These projects have also demonstrated that well-designed wood-frame 
buildings can exhibit very good fire performance.
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Application of Fire Models in Building Construction

1 Objectives
To modify 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 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 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 wants to expand its share of the non-residential market. To assist in achieving this 
goal, a collaborative venture has to be 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 were 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 prove robust, one would have 
increased confidence in applying them in a performance-based design environment.
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• 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 third 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 an additional year (2005-2006).

3 Staff
J.R. Mehaffey, Ph.D.
L.R. Richardson 
R. Desjardins, P.Eng., M.Sc. 
Christine Giguère

Project Leader and Senior Research Scientist, Fire Research 
Group Leader, Fire Research 
Program Manager, Building Systems 
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 Japanese requirements were to be identified
• By October 2002, Forintek’s heat transfer model for interior walls to model the Japanese test was to 

be modified.
• 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 sketched.
• 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 
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.
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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.

At the end of 2003-2004, the work plan was revised once again to add new deliverables and 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 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 fire-safety 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.

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 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 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 offireproof 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 building 4 storeys or less, 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 
strength during the subsequent loading 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 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 fire. 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 as 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 suggest that at least 3 or more layers of
12.7 mm Type X gypsum board are required to pass the 1 + 3 test.

Forintek recognised that development of 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 during 2002-2003. 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 COFI on November 1 in Tokyo to plan fire tests on wood-frame assemblies that 
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 wood WORKS 
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.

5.2 Progress in 2003-2004

5.2.1 Japan’s SOPRO Committee

Dr. Mehaffey was an observer in the Fire Protection Subcommittee of the Japanese SOPRO Committee 
on Hybrid Structures. The Fire Protection Subcommittee oversaw research directed at designing wood or 
hybrid structures incorporating both 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 in wood-frame. This building would not be permitted in Canada. If it is 
ever built, this 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 offireproof construction. Employing modelling to identity assemblies that pass the 1 
+ 3 test became less urgent than it had been. 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 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.

5.2.3 Performance-based design

A deliverable in this project is to undertake performance-based design of a 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 the expected deaths due to fire and the expected fire costs (losses plus 
costs of protection) for such buildings. The first building to be analysed will 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 performance-based 
design for fire resistance of a wood-frame version of the Carleton Technology Training Centre.

5.2.4 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 for funding to support a 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. However, during the fall, Dr. Clancy learned that his proposal had not been successful.

5.2.5 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 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. To do this,
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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).

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.

5.2.6 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 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 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 therefore in compliance with GB 50005.

• In the second experiment, a fire load of 3 8 kg m'2 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 have been identified as a potentially large 
market for wood-stud walls. As a consequence, Forintek arranged to have a fire test conducted for 
Chinese fire experts at NRC 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 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.
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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-lfame walls exposed to any arbitrary fire. The most important revision would 
have permitted simulation of the response of walls subjected to a fire that had both heating and decay (or 
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 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. Unfortunately, at the time of 
writing of this report, the revised model has not been delivered to Forintek.

As noted in progress for 2003-2004, COFI and the 2x4 Association have 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 building 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 building authorization for construction by using these Ministerial Approvals. 
Clearly there is now little need for Forintek to identify wood-frame assemblies that pass the 1 + 3 test.

Recently, however, the Japan Wooden Housing Federation has 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). Perhaps Forintek can offer some guidance in this work.

5.3.2 Performance-based design

One of the deliverables in this project was to “sketch” a methodology for undertaking performance-based 
design that ensures wood-frame buildings have adequate fire resistance. The methodology 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 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 in general, post-flashover fires are
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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 
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:
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”.

B Forintek 
Canada 
Corp.

8 of 16



Application of Fire Models in Building Construction

2. On September 21, 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 
description of the methodology for undertaking performance-based design for fire-resistance of 
wood-frame buildings developed in this project.

Each of these lectures included a worked example for either a wood-frame hotel or office building. A 
PowerPoint presentation describing the methodology is attached as Appendix I.

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 has been 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 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 can be seen in Appendix I. It 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. Nonetheless, it is anticipated that this 
will be done in 2005-2006.

Forintek
Canada
Corp.

9 of 16



Application of Fire Models in Building Construction

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 is to 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 of 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 is proposed that the methodology developed in this project be put forward as an example 
for both Working Groups. If accepted this would be wide-spread circulation of the methodology, but only 
after a couple of more years of discussion.

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 o f 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 during 2003-2004 (Bénichou, 2003). During 2004-2005, this model has been 
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. A1 Duailej needs two courses beyond those 
offered by Carleton University. One of his course requirements has been 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.
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• As has been observed in fire-resistance tests (Project 1083), Mr. A1 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. A1 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.

5.3.6 Kemano house fires

Attempts to compare model predictions with experimental data generated in 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 5 th 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 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, pp. 127-134.

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 copy of his report 
entitled “The Ability of Computer Models to Predict the Course of Fire in a Furnished House” is available 
from J.R. Mehaffey. 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 is 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 run by 
Forintek in Kemano in 2001 have been analysed, there are still data that has not been. He is preparing a 
single report summarising all of the data and findings of the six Kemano experiments.
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5.3.7 Other Related Developments

5.3.7.1 National Research Council initiatives

On June 21, 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 has been 
completed and consideration has now 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 
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 will convene a Workshop on Design Fires M ay10, 2005 
in Ottawa. Dr. Mehaffey has been 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 has been 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 the new and existing buildings. The modelling is being used 
to identify and support alternatives (equivalencies) to prescriptive requirements of the Vancouver 
Building By-Law. July 14-17, 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. It is anticipated that the next meetings will be in April 2005. 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.

5.3J.3 Analysis of barn fire

On November 20, 1999, a fire near Ottawa resulted in a large loss of com stored in silos. The farmers 
sued the fire department for attempting to suppress the fire in a wooden bam 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. The case came to trial in January 
2005. 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.
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5.3J.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 October 6-8 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. Landro 
(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 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.

6 Conclusions
This report summarises progress in the third 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.

A methodology for undertaking performance-based design to ensure that wood-frame buildings have 
adequate fire resistance has been developed. The methodology 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. 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.

To both promote it and to solicit feedback, the methodology was presented by J.R. Mehaffey at the 
following three venues in 2004-2005:

4. During the Short Course Engineered Fire Safety System offered to practicing engineers by 
Carleton University May 19-21.

5. During a CWC Wood Solutions Fair in Toronto, September 21.
6. During the graduate course Fire Dynamics I I at Carleton University in the winter term of 2005.

As a next step, a formal protocol for performance-based fire-safety design of wood-frame buildings will 
be developed and submitted to the appropriate ISO Committees for consideration.

The methodology has been applied to the design of two wood-frame buildings: a three-storey hotel and a 
three-storey office building. Typical layouts and suite sizes were chosen for both buildings. In 
compliance with the NBCC neither building was sprinklered. For these scenarios, it was predicted that
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appropriate fire-resistance rating for the structure of the buildings and for key separations were close to 
what the NBCC would require. However, the advantage of the method is that the designer could have 
chosen other conditions (unusual window or suite sizes; different wall or ceiling linings; etc.) and tailored 
the fire resistance requirements to the actual building layout.

Prof. Hadjisophocleous of Carleton University is developing a model to evaluate fire safety designs for 
four-storey wood-frame commercial buildings. 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. Nonetheless, it is anticipated that this will be done in 
2005-2006.

Along with a student from Carleton University, computer models been employed to investigate the impact 
on fire-resistance ratings of the different structural loads applied to wood-frame walls during tests in 
different countries. It was 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 to identical walls tested in 
Asia, Europe or Australia / New Zealand. As studs in wall assemblies exported to Asia from Europe and 
New Zealand are o f 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.

Students from Carleton University are analysing the experimental data generated in Kemano house fires. 
In 2003-2004, it was reported that a student had demonstrated the ability of current models to predict the 
outcome of three of the Kemano fires. Forintek’s WALL2D accurately predicted the temperature 
between fire-rated gypsum and wood studs in walls, BREAK 1 accurately predicted the times at which 
window glass cracks and a simple model developed at the University of Maryland accurately predicted 
the maximum temperature rise in a room with closed doors and windows. In 2004-2005, another student 
analysed a fourth Kemano fire test and found that the computer model CUsmoke (developed at Carleton 
University by Prof. Hadjisophocleous) predicts well the temperature of the fire as it advanced from the 
bedroom of fire origin, into a corridor and then into a second bedroom.

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 is being initiated. To complete the work 
underway, it has been proposed to extend this project one more year (2005-2006).
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Appendix I

Performance-based Design for Fire Resistance
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Traditional design for fire resistance (prescriptive) 
Motivation for considering performance-based design 
(fire resistance)

Enclosure fire dynamics (fire science) 
Performance-based design for fire resistance 
(proposed approach)

Worked example (three-storey wood-frame hotel)
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Basic Objective: Provide sufficient time for escape (occupants)

Strategy # 1 - Compartimentation: Inhibit fire spread: enclose 
compartments with fire resistant separations

Strategy # 2 - Structurai Fire Protection: Delay collapse of 
structure: make elements fire resistant

Acceptance Criterion: Fire separations & structural members 
must exhibit acceptable fire-resistance ratings
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The Fire Resistance Test

Physical model of a post-flashover fire

Standard Fire Resistance Tests

CAN/ULC-S101, Standard methods of fire endurance 
tests of building construction materials 

ISO 834 = international standard
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• Separating Element
-  Specimen remains in place

-  No passage of hot gas / flame

-  AT < 140°C (average unexposed side)

-  AT < 180°C (single point, unexposed side)

• Load-bearing Element
-  Specimen supports design load

• Fire-resistance Rating
-  Time specimen meets performance requirements
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Compartmentation

Fire separations often must be fire rated

Fire separations between public corridors & suites in small 
bldgs require fire-resistance rating = 3A h

Fire separations between public corridors & suites in large 
bids require fire-resistance rating = 1 h
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Structural Fire Protection

Floors and structural elements supporting floors often must 
be rated

In small bldgs: fire-resistance rating = 3/4 or 1 h 

In large bldgs: fire-resistance rating = 2 h
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Anticipated fire differs from standard fire 

Acceptance criteria differs from standard criteria 

Prescriptive requirements appear discriminatory

-  2 or 3 storey office building of noncombustible 
construction: Floors must be fire separations

-  2 or 3 storey office building of combustible construction: 
Floors must be rated (45 minutes)

Performance-based design = equitable treatment
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Establish design objectives 

Select design fire scenarios 

Model fire and structural loads 

Model thermal and structural response 

Assess performance /  acceptance criteria

• Fire-resistance requirements: Inhibit spread of fire and 
prevent premature collapse

• Assumed objective: Fire separations and structural members 
perform intended functions for duration of design fire



• Residential and office buildings are highly compartmented

• Design fire scenario: Post-flashover fire (severe but credible) 
(no suppression)

• Unsprinklered apartments: 22% of fires experience flashover
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Requires knowledge of enclosure fire dynamics 

Computer and analytical models available 

Simple model selected to illustrate the process



• Fires develop differently in an enclosure than in the open

• Limited supply rate of oxygen causes a reduction in the rate 
of burning

• Trapping of heat in the enclosure causes an increase in the 
rate of burning

• Enclosure dynamics is a competition between these two 
effects
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• Flashover: Transition from burning of one or a few objects to 
full room involvement

• Flashover occurs when temperature of the upper layer is 500 
to 6Q0°C

• Approximately 22% of fires in unsprinklered residential 
buildings proceed to flashover

tîrv  Eixpïrifnÿfïh In uunlii Roving

• 32 room-fire experiments conducted to assess thermal 
response of boundaries

• Rooms: Floor area of 2.4 m x 3.6 m II Ceiling height of 2.4 m

• Wood cribs simulated the fuel load present in either a hotel 
room or an office

• A window or door was left open throughout each experiment
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One series of experiments (2 tests) explored impact of 
thermal properties of boundaries on fire

• Fuel load was 15 kg nv2: simulated a hotel room

• Window area = 9% of floor area. Base b = 0.7 m. 
Height h = 1.2 m. Opening factor AVh = 0.92 m5/2

• Room lined with 2 types of brick & an inorganic board to 
simulate boundaries with moderate insulating properties in 
Room 1 and with good insulating properties in Room 2
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« Another series of experiments (3 tests) explored the impact of 
the ventilation opening on fire

• The fuel load was 27 kg nr2 simulating an office

. -J k p c  = 666 J nv2 s-iy2 K 1 simulating room with gypsum board 
walls & ceiling, and a wooden floor

• Ventilation opening (window or door) different in each test
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R o o m
A re a

(%  o f flo o r a r e a )
D im e n s io n s

f b x h )
O p e n in q  fa c to r

A-Jh (m 5/2)
R a te  o f  H e a t  
R e lè a s e  (k W )

3 9 0 .7  m  x  1 .2  m 0 .9 2 1 .0 0
4 1 3 0 .7  m  x  1 .6  m 1 .4 2 1 .5 6
5 1 6 0 .7  m  x  1 .9  m 2 .1 3 2 .3 4
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A = area of openings (windows) (m2) 

h = height of openings (windows) (m)

At = total area of boundaries (m2) 

k = thermal conductivity boundaries (kW nr1 K'1) 

p = density of boundaries (kg nr3) 

c = specific heat of boundaries (kJ K'1 kg-1)

Model for Post-flashover Fire Severity

Model fo r Post-flashover Fire Severity

* Japanese Model: Ventilation-controlled fires

* Temperature of fire gases: Th(t) (K)

ATh = 0 11/6

P 3.0 T0 f  As/h  
^ATA/kpc

\ l / 3

)



• Duration of post-flashover fire: tD (s)

-  G  

tD “  0.09 A Æ

• G -  fuel load (kg)

Model for PosFflashover Fire Seventy

Model fo r Post-flashover Fire Severity

* Compartment fire of duration tD is equivalent in severity to a 
standard fire resistance test of duration in which same heat 
is absorbed per unit area

r
t =  Leq

P
\ 3 / 2

U 3 o  ; t-D



Thermal & Structural Response of Assemblies

• Option 1 : Compartment fire of duration tD is equivalent in severity 
to ISO 834 fire test o f duration teq in which same heat is absorbed 
per unit area

teq

\ 3 / 2

U 3 0  ;

* Assembly fire resistance rating >  teq is acceptable

* Advantage of Option 1: Existing fire resistance ratings can still be used

* Drawback of Option 1: Fire-resistance ratings are determined using 
maximum load not actual design load



Thermal & Structural Response of Assemblies

• Option 2: Use a computer model to predict thermal & structural 
response of fire separations and structural members exposed to 
design fire (+ design structural load)

• Example: WALL2D, a computer model developed by Forintek, to 
predict the thermal response of wood-stud walls exposed to fire



* Fire fighter assess 3 sides

9 Single storey area < 900 m2

* Typical suite - 6 m x 4 m x 3 m (high)

* National Building Code of Canada
-  Structure ■ 45 minute rating
-  Fire separations - 45 minute rating

Worked Example: Three-storey Hofei

Worked Example: Three-storey Hotel

Table 1. Fuel Load per Unit Area

Occupancy wave -  Average (kg n f1) $w = Standard Deviation (kg m'z)

Apartment 30.1 4.4

Hotel 14.6 4.2

Office 24.8 8.6

W95 =  W ave +  1 .6 4  <5w



Determination of Fuel Load (suite)

• Floor area: AF = 6 m x 4 m  = 24m 2

• Fuel load per unit area: 95th percentile
w = 21.5 kg m2

• Severe but credible post-fiashover fire

Worked Example: Three-storey Hotel

Worked Example: Three-storey Hotel

Characterization of Ventilation

• Fire severity increases as A h1/2 decreases

• Assume windows open; rated doors intact

• Suite has one window: 2 m x 1.2 m (high)
A h1/2 = 2.63 m5'2

• Severe but credible post-flashover fire



Worked Example: Three-storey Hotel

If several comp art ment boundary materials

Characterize boundaries by sum o f contributions from individual materials 

A t (kAc)1/2 = A 1 {(kAc)i}1/2 + A i {(kAc>}Ifl + A 3 {(kAc>}1/2 +...

Table 2. Thermal Properties o f  Building Materials

Material (kAc)1"  (kJ m“  s'1" K'1)

Normal weight concrete 2.192

Gypsum board 0.742

Wood (softwood) 0.436

Worked Example: Three-storey Hotel

Characterization of Compartment Boundaries

• Severity of fire increases as AT (kpc)1/2 decreases

• include boundaries; not internal partitions

• Assume wails & ceiling gypsum board

• Assume floor concrete & wood

At (k p c}1/2 = 92.1 kJ S'1/2 K-1

• Severe but credible post-flashover fire



Design Post-flashover Fire
* Temperature-time curve: 3 = 269 K s-1/z

• ISO 834: |3 = 230Ks-1/2

* Duration of the fire: tD = 32.7 min

• Equivalent fire exposure: teq = 41.4 min

Worked Example: Three-storey Hotel

Worked Example: Three-storey Hotel

Acceptable Compartment Boundaries

• Option 1: Fire-resistance rating > 41.4 min

• Wall assembly:
12.7 mm Type X gypsum board 

38 mm x 89 mm wood studs //spacing 400 mm 
mineral wool insulation in cavity

• Fire resistance rating > 60 minutes



Acceptable Compartment Boundaries

• Option 2: Use WALL2D to predict thermal response of wood- 
stud wall exposed to
-  ISO 834 for 41.4 min

-  Design fire {B = 269) for 32.7 min

Worked Example: Three-storey Hotel

Cross-section of Stud



Performance-based Design fo r Fire Resistance

• Multi-storey residential & office buildings

• Design fire: severe, credible post-flashover fire

• Model fire: parametric model or computer model

• Model response of assemblies: fire-resistance test or 
computer model

• Meet acceptance criteria


