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Abstract 

This project is a product of the merger of two continuing projects, namely “Fire Safety in Canadian 

Housing” and “Characterization of Fires in Residential Buildings”. The project formerly called “Fire 

Safety in Canadian Housing” included FPInnovations’ contribution to the National Research Council’s 

(NRC) consortium project looking at the effect of different fire protection measures on wood floor/ceiling 

assemblies on the life safety of occupants in single family houses. The current project is Phase Ib which is 

an extension of the original project which investigated the impact of different unprotected wood floor 

assemblies such as solid sawn joists, wood I-joists, wood trusses, etc. on the life safety of occupants. The 

project formerly called “Characterization of Fires in Residential Buildings” included FPInnovations’ 

contribution to the NRC’s consortium project looking at the development of design fires and design fire 

scenarios for residential buildings. Specifying design fires is an important step in a performance-based 

design. Since both of the research projects involve overseeing research conducted by the NRC dealing 

with fire in residential housing, they have been combined to allow simplified reporting. 
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1 Objectives 
Assist the National Research Council Canada (NRC) in carrying out research projects on fires in 

Canadian housing and the impact of construction type on occupant safety. 

 

 

2 Introduction 
This project is a product of the merger of two continuing projects, namely “Fire Safety in Canadian 

Housing” and “Characterization of Fires in Residential Buildings”. The project formerly called “Fire 

Safety in Canadian Housing” included FPInnovations’ contribution to the National Research Council’s 

(NRC) consortium project looking at the effect of different fire protection measures on wood floor/ceiling 

assemblies on the life safety of occupants in single family houses. The current project is Phase Ib which is 

an extension of the original project which investigated the impact of different unprotected wood floor 

assemblies such as solid sawn joists, wood I-joists, wood trusses, etc. on the life safety of occupants. The 

project formerly called “Characterization of Fires in Residential Buildings” included FPInnovations’ 

contribution to the NRC’s consortium project looking at the development of design fires and design fire 

scenarios for residential buildings. Specifying design fires is an important step in a performance-based 

design. Since both of the research projects involve overseeing research conducted by the NRC dealing 

with fire in residential housing, they have been combined to allow simplified reporting. 

 

 

3 Background 
For a number of reasons, these NRC research projects have grave implications for the wood industry. 

More than 95% of all houses in Canada are of wood-frame construction, either wholly, or in part. More 

than 70% of all injuries and deaths and more than 40% of all property losses in Canada as a result of 

structure fires occur in residential buildings. One of the questions this research seeks to address is the 

relationship, if any, between those fire losses and the structural members used in construction of Canadian 

houses. Any determination that such construction presents an unacceptable fire risk would threaten 

Canadian markets for wood products. Also, the Canadian Commission on Construction Materials 

Evaluation (CCCME) considers parallel-cord wood floor-trusses, I-joists, SCL and LVL products, and 

finger-joined lumber to be “innovative” new building products. The research seeks to determine if these 

and other “innovative” building products affect fire safety in Canadian houses. Also, this research will be 

watched closely by code officials in the United States. Any actions taken by the Canadian Commission on 

Building and Fire Codes (CCBFC) and CCCME as a result of this research will be given very serious 

consideration in the United States. 

 

 

4 Staff 
Richard Desjardins, Manager 

Steven Craft, Senior Research Scientist 

Jim Mehaffey, Principle Research Scientist (Retired) 

Lindsay Osborne, Research Scientist 
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5 Discussion 

5.1 Characterization of Fires in Multi-suite Residential Dwellings (CFMRD) 

A Consortium of thirteen interested parties was assembled by the NRC to participate in planning (and 

funding) of this NRC Collaborative Project on Characterization of Fires in Multi-suite Residential 

Dwellings (CFMRD). The Consortium members include:  Canadian Automatic Sprinkler Association, 

Canadian Concrete Masonry Producers Association, Masonry Worx, Canadian Furniture Manufacturers 

Association, Canadian Wood Council, City of Calgary, FPInnovations, Gypsum Association, Ontario 

Ministry of Municipal Affairs and Housing, Régie du Bâtiment du Québec, NRC-IRC Canadian Codes 

Centre, Health Canada (Invited observers) and Ontario Ministry of Community Safety and Correctional 

Services (Office of the Fire Marshal). 

 

The Consortium held its first meeting on March 25, 2008 to plan the work for 2008-2009. Changes in the 

original work plan, in particular the decision to run medium-scale tests before full-scale tests, put this 

project significantly behind schedule. The Consortium met again on December 3, 2008 to review progress 

and plan the work for 2009-2010. FPInnovations scientists participated in both meetings. A summary of 

the progress made during 2008-2009 follows: 

 NRC completed numerous small-scale (cone calorimeter tests) on various floor coverings (Carpets, 

vinyl, OSB subfloor, etc), hard furniture materials (particle board and MDF), and components of 

mattresses and upholstered chairs (particularly polyurethanes foam and cross-sections of top layers). 

The data measured (rate of heat release, rate of generation of toxic gases and rate of generation of 

soot) will subsequently be used as input to computer modelling of the medium-scale and full-scale 

experiments. 

 NRC completed 28 medium-scale tests on upholstered chairs, mattresses (with and without 

bedclothes) and other combustible contents (clothes in a wardrobe, books on a book shelf, etc). The 

medium-scale test facility is a room 3.8 m wide, 4.2 m deep and 2.4 m in height with a window of 1.5 

m by 1.5 m in an end wall. This room represents the mean area (16 m
2
) of living rooms and master 

bedrooms as determined in NRC’s survey. The window is also of typical size. The primary 

measurements taken were the rate of heat release, rate of generation of toxic gases and rate of 

generation of soot. On the basis of these tests, a specific upholstered chair as well as two mattresses 

plus bedclothes arrangements have been selected for the full-scale tests.  

 Plans have been finalised for up to 16 full-scale tests that will be run. A one-storey three-room facility 

was chosen for the full-scale tests. The facility will be sufficiently flexible that various ventilation 

conditions can be explored. Fire will be initiated in one room (e.g. a bedroom decorated as found in 

the survey), but conditions monitored in all three rooms. Construction of the facility will commence 

shortly with testing to commence in the spring of 2009.  

 Computer modelling was found to successfully simulate the results of the first medium-scale mattress 

test. Similar computer simulations will be run for each full-scale test. If the computer simulations 

prove to give accurate predictions, numerous simulations can be run to assess the influences of minor 

or major variations in the fire scenario.  

 The ultimate goal is to devise design fires (rate of heat release, rate of generation of toxic gases and 

rate of generation of soot) for use in engineering analyses of fires in multi-family residential suites. 
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NRC established a members’ website and posted several reports there during 2008/09. A brief summary 

of the reports follows: 

 NRC scientists published the results of experiments and computer simulations of sofa fires in a room 

that studied the effects of varying the location of the sofa, and the locations and sizes of ventilation 

openings. 

 NRC scientists published the results of a survey in which they examined floor plans and photographs 

of 60 multi-family dwelling units that had been posted on the internet by realtors. In addition to fuel 

load data, the survey provided information on typical layouts of suites as well as typical window and 

door sizes. 

 NRC scientists published a description of the medium-scale test facility as well as the results of the 

first tests conducted in the facility. 

 

The reports can be found on the project website:  http://irc-wae.irc.nrc.ca/priv/suite/index.html with the 

username:  cfmrd and password:  realfires. 

 

J. Mehaffey and S. Craft participated in the 4
th
 Meeting of the Consortium on the Characterization of 

Fires in Multi-Suite Residential Dwellings (CFMRD) on December 3 at the National Fire Laboratory in 

Almonte.  

 

NRC has recently written the following reports related to this project which can be found on the project 

website: 

 Analyses of Post-Flashover Fires in a Medium-Sized Residential Room under Different 

Ventilation Conditions. RR-264. Saber, H.H.; Kashef, A.; Bwalya, A.C.; Lougheed, G.D. 2008-

10-22. 

 Survey Results of Combustible Contents and Floor Areas in Multi-Family Dwellings. RR-253. 

Bwalya, A.C.; Lougheed, J.D.; Kashef, A.; Saber, H.H. 2008-10-24. 

 Design of a Single-Room Heat Release Rate Calorimeter for the Characterization of Fires in 

Multi-Suite Residential Dwellings Project. RR 267 (draft). Bwalya, A.C.; Gibbs, E.; Lougheed, 

J.D.; Kashef, A.; Saber, H.H. 2008-11-22. 

 Characterization of Fires in Multi-Suite Residential Dwellings (CFMRD). Progress Report No. 1. 

Bwalya, A.C. (Project Manager). 2008-11-27. 

 

During the meeting NRC reported on the following progress: 

 NRC has completed 28 medium-scale tests on upholstered chairs, mattresses (with and without 

bedclothes) and other combustible contents (clothes in a wardrobe, books on a book shelf, etc). 

On the basis of these tests, a specific upholstered chair as well as two mattresses plus bedclothes 

arrangements have been selected for full-scale tests.  

 NRC has completed numerous small-scale (cone calorimeter tests) on various floor coverings 

(Carpets, vinyl, OSB subfloor, etc), hard furniture materials (particle board and MDF), and 

components of mattresses and upholstered chairs (particularly polyurethanes foam and cross-

sections of top layers). The data measured (rates of release of heat and toxic gases) will 

subsequently be used as input data for computer modelling of the experiments. 

 Computer modelling was found to successfully simulate the results of the first mattress test so 

will be used to predict the burning behaviour for other compartments and ventilation scenarios.  

 

 

 

 

http://irc-wae.irc.nrc.ca/priv/suite/index.html
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A one-storey three-room facility was chosen for the full-scale tests. The facility will be sufficiently 

flexible that various ventilation conditions can be explored. Fire will be initiated in one room (e.g. a 

bedroom decorated as found in the survey), but conditions monitored in all three rooms. Construction of 

the facility will commence shortly with testing to commence in the spring of 2009. NRC intends to call 

another meeting of the Consortium to witness one of the early full-scale tests and to finalise plans for the 

rest of the full-scale tests.  

 

Due to the reduced funding available for General Revenue projects, a decision was taken to terminate 

work in this project late in the 2008 for the remainder of the fiscal year. Consequently, with the exception 

of end-of-year reporting, no further work was carried out on this project in the 4
th
 Quarter. 

 

On May 31, 2009, J.R. Mehaffey represented FPInnovations at the 6th Meeting of the Consortium on the 

Characterization of Fires in Multi-suite Residential Dwellings (CFMRD). The meeting was convened at 

the NRC-IRC National Fire Laboratory in Almonte, Ontario. In 2007-08 and 2008-09, FPInnovations 

provided funding to NRC to join the CFMRD with the goal of developing design fires for residential 

occupancies. Design fires are to be expressed in terms of the rate of heat release and rates of generation of 

products of combustion (soot, carbon monoxide, carbon dioxide, etc.). The original impetus for the work 

was a request from the Canadian Commission on Building and Fire Codes to characterize fires in 

residential buildings as a first step in refining building code requirements, but the data will most likely be 

even more valuable for designers developing alternative solutions as permitted under the objective-based 

format of Canadian building codes. The work has entailed a detailed assessment of the fire load density 

(quantity of combustible materials per unit floor area) and numerous fire tests on upholstered furniture 

and bed sets in a small-room (as well as bench-scale fire tests on the components of such). Four full-

scales tests have been conducted in fully furnished masters’ bedrooms in a purpose-built multi-room 

facility. During the 6th meeting, the data from the first 4 tests was summarised, another full-scale test was 

conducted in a secondary bedroom (two twin beds) and plans were made for an additional three tests. 

Early indications are that it will be possible to construct design fires based on the results of the single-

item tests conducted earlier as well as consideration of the ventilation of the room. 

 

On December 14, S.T. Craft, L. Osborne and J.R. Mehaffey represented FPInnovations at the 7th Meeting 

of the Consortium on the Characterization of Fires in Multi-suite Residential Dwellings (CFMRD). 

Before the meeting, seven full-scales tests had been conducted in furnished rooms:  four in a primary 

bedroom; one in a secondary bedroom; one in a living room; and one in a secondary bedroom connected 

by an open door to a living room. In all experiments a window was open in the fire room and in the two-

room scenario a window was open in the neighbouring living room. During the 7th meeting, an 8th test 

was run: a fire was set in a secondary bedroom connected by a closed hollow-core door to a living room. 

As expected, the hollow-core door failed shortly following flashover (full-room involvement) in the fire 

room. At least four more full-scale tests are planned:  in a secondary bedroom with a small window and 

low fuel load (representative of residential care units); in an open-concept living room / dining room / 

kitchen; in a sprinklered living room; and in a kitchen. A decision will be taken at the next meeting (in the 

spring) what future testing would be helpful. NRC also discussed progress in the development of a web-

based database that will include all of the data generated in this project including numerous single-item 

tests in a small room and the full-scale furnished tests discussed above. It is clear that sufficient data will 

be generated to construct design fires based on the results of the single-item tests (conducted earlier) and 

of the furnished full-scale tests (in which ventilation of the rooms played an important role.) 

 

This project is currently expected to be completed by the end of 2011. 
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5.2 Fire Safety in Canadian Housing (Phase IB) 

J. Mehaffey and S. Craft attended the first meeting of the consortium for Phase 1B on December 4
th
. The 

following organizations joined the consortium: 

 National Research Council 

 City of Calgary 

 Gypsum Association 

 FPInnovations 

 Edmonton Fire Rescue Services 

 Canadian Automatic Sprinkler Association 

 Canadian Wood Council/Wood I-Joist Manufacturers Association (split membership) 

 Government of Ontario  

 

The objective of the study is to find solutions that increase the time available for occupants to escape. The 

general testing program was set out with the preliminary matrix agreed upon as shown below in Table 1. 

A full meeting report is available from S. Craft.  

 

Table 1. Summary of tests planned for project. 

 

Protection Measure Primary Test 

(Basement door open) 

Secondary Test 

(If assembly not damaged in 

primary test) 

Gypsum Board Solid wood joist  

Gypsum Board Steel C-joist  

Gypsum Board Wood I-joist  

Gypsum Board Metal-plate wood truss  

Sprinkler Wood I-joist Shielded Sprinkler 

Sprinkler Metal web wood truss Suspended Ceiling 

 

 

FPInnovations supplied the solid sawn wood joists for construction of the first test assembly in Phase IB 

which was tested on March 19
th
. A detailed test report is available from S. Craft. 

 

The individual test reports for Phase I where distributed to the SIG members on February 9
th
 for 

comments due March 13
th
. Due to other commitments by the Fire Group, Les Richardson (retired 

Forintek scientist) assisted in the review of the reports as he had been involved in Phase I of the project 

from the beginning. Comments were shared with CWC and WIJMA before being submitted to NRC for 

consideration. The final summary report for Phase I can be found at the web address:  http://irc.nrc-

cnrc.gc.ca/pubs/rr/rr252/rr252.pdf. 
 

The second consortium meeting took place on May 6
th

, 2009 at the National Research Council’s Almonte 

Fire Laboratory. During the meeting, the results from the first test [wood joist floor assembly protected by 

12.7 mm (1/2 in.) regular gypsum board] were presented. The floor failed structurally at 22 minutes and 

the tenability measured throughout the test house was very similar to the original commissioning tests 

carried out with non-combustible (cement board protected) assemblies.  

 

A total of five tests have been completed during the 2009-2010 year. The tests were completed on 

protected floor assemblies in the same facility as was used during the first phase of this work on 

unprotected floor assemblies. The protection included in these five tests included two tests with passive 

http://irc.nrc-cnrc.gc.ca/pubs/rr/rr252/rr252.pdf
http://irc.nrc-cnrc.gc.ca/pubs/rr/rr252/rr252.pdf


Collaboration with the National Research Council on Fire in Residential Buildings-CFS-07 201002836 

 

 

 

 

 
 6 of 7 

 

protection provided by regular 12.7 mm (1/2 in.) gypsum board and three tests with active protection 

provided by sprinklers. Details on the five tests are provided below: 

- On May 6
th
, the second test (PF-02) was conducted on a steel C-joist floor assembly protected by 

12.7 mm (1/2 in.) gypsum board. Structural failure of the floor assembly was found to be 

approximately the same as the first test (PF-01) which was identical in construction with the 

exception that solid-sawn 2x10 floor joists were used opposed to the steel C-joists. 

- On September 24
th
, the third test (PF-03A) was conducted on a wood I-joist floor assembly 

protected by two sprinklers in the “basement” compartment. The sprinklers were supplied using 

25.4 mm (1 in.) CPVC piping. Activation of the sprinkler occurred at slightly less than two 

minutes into the test and very quickly controlled the fire. 

- On October 8
th
 the fourth test (PF-03B) was conducted on a wood I-joist floor assembly protected 

by a single sprinkler in the “basement” compartment. This is the same floor assembly used in 

previous test (PF-03A) as it was deemed to not have been damaged in the previous test. 

Activation of the sprinkler occurred at approximately one and a half minutes and quickly 

controlled the fire. The sprinkler activation occurred sooner in this test as only one sprinkler was 

placed in the middle of the compartment, which coincidently was almost directly over the fuel 

package. 

- On November 19
th
 the fifth test (PF-03C) was conducted on the same wood I-joist floor assembly 

used in the previous two tests (PF-03 A & B). This test was significantly different from not only 

the two previous sprinkler tests but all previous tests in both Phase I and Phase IB as the location 

and composition of the fuel package was altered. This was done in an attempt to seriously 

challenge the sprinkler system. The fuel package was moved to the corner of the room so as to 

not be directly under the sprinklers and the fuel package was stacked and modified to increase the 

shielding of the fuel from the sprinkler head. In addition, the first item ignited was a pan of 

methanol opposed to the polyurethane cushion on the mock sofa used in all previous tests. During 

this test, the fire quickly overwhelmed the sprinkler system and eventually burned through the 

CPVC sprinkler pipe. This test was undertaken by solely by NRC, without the oversight of the 

consortium and therefore will not be included in any consortium reports. 

- On January 28
th
, 2010, , the sixth test (PF-04) was conducted on a wood I-joist floor assembly 

protected by 12.7 mm (1/2 in.) regular gypsum board. With the exception of the joists, the floor 

assembly was identical to tests PF-01 & 02. Structural failure occurred a little earlier than in the 

other two floor assemblies protected by gypsum board; however, it is too early to determine the 

significance if any in the difference between test results of gypsum protected floor assemblies. 

 

On June 1st, S.T. Craft attended the 4th consortium meeting on the Performance of protected ceiling/floor 

assemblies with basement fire scenarios (Fire Performance of Houses Phase IB). The meeting was held at 

NRC-IRC National Fire Laboratory in Almonte, Ontario. Preliminary test results were reviewed for PF-

03C and PF-04 tests. A fire test was conducted near the end of the day on a metal web wood truss 

(identical to that tested in Phase I of the project in which it was unprotected). The test consisted of the 

truss assembly protected by a residential sprinkler system. As expected, the sprinkler system quickly 

controlled the fire with minimal impact on the trusses. Therefore, a second test will be run on the same 

assembly, but with gypsum protection. NRC has indicated they expect the first draft report for the project 

will be distributed to the consortium for review in September or early October. NRC has asked for 

comments on a draft proposal for a Phase II of the Fire Performance of Houses project in which the fire 

performance of wall assemblies in housing will be studied. FPInnovations will be expected to provide 

comments during the second quarter. 
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In mid-December two final project reports (drafts) on the Fire Performance of Houese Phase IB project 

were distributed to the consortium members for comments. This phase of the project is looking at 

different protection measures such as sprinklers and gypsum board to increase the time to structural 

collapse of different light-frame floor systems when exposed to fire. FPInnovations’ scientists submitted 

comments on the two draft reports. The two final reports from Phase IB can be found at: 

 

Performance of Protected Ceiling/Floor Assemblies and Impact on Tenability with A Basement Fire 

Scenario, Research Report, NRC Institute for Research in Construction, 307, pp. 1-127, May 13, 2010 

(RR-307)  

URL:  http://www.nrc-cnrc.gc.ca/obj/irc/doc/pubs/rr/rr307.pdf 

 

Experiments of Sprinkler Protected Ceiling/Floor Assemblies in A Basement Fire Scenario, Research 

Report, NRC Institute for Research in Construction, 308, pp. 1-36, May 13, 2011 (RR-308)  

URL:  http://www.nrc-cnrc.gc.ca/obj/irc/doc/pubs/rr/rr308.pdf 

 

 

 

http://www.nrc-cnrc.gc.ca/obj/irc/doc/pubs/rr/rr307.pdf
http://www.nrc-cnrc.gc.ca/obj/irc/doc/pubs/rr/rr308.pdf
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