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Abstract 
 
The wood products industry wants to expand its market share in non-residential buildings.  This is a 
challenging goal because building codes exhibit a bias against the use of wood products, particularly in 
the construction of non-residential buildings.  The move towards adoption of performance-based building 
codes offers the promise of eliminating such biases.  However, in order to be prepared for the introduction 
of performance-based codes, architects, engineers and building code officials have pointed out the need 
for engineering tools to assess the fire performance of buildings. 
 
This five-year project was initiated to develop fire-safety design tools for non-residential wood-frame 
buildings, and to foster development and delivery of educational programs to train students and 
practitioners in performance-based fire-safety design.  In order to achieve these goals an NSERC 
Industrial Research Chair in Fire Safety Engineering was established at Carleton University in March of 
2001.  This report summarises the progress towards these goals made by the Chair in the first two years of 
his tenure. 
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1 Objectives 
 
Develop fire-safety design tools, which will allow the wood products industry to expand its market share 
of non-residential buildings. 
 
 

2 Introduction 
 
Because of its design flexibility and cost-effectiveness, wood-frame construction has been very successful 
in North America.  However, as Canada moves from a prescriptive building code to an objective-based 
building code, flexible and cost-effective engineering-based design solutions are required, in lieu of 
traditional empirical ones.  Therefore, the wood industry’s continued success will depend largely on its 
ability to harness advanced technology for the design of safe, efficient structures.  The industry requires 
computer models and other design tools to demonstrate the fire-safety performance of buildings; and the 
industry requires qualified people to use such tools for design and enforcement purposes.  
 
More than a decade ago, Canadian manufacturers of wood building products recognised the building 
industry’s need for advanced technologies to aid in performance-based fire-safety design of wood-frame 
buildings.  They foresaw that without such tools, the wood industry’s domestic and export markets would 
decline and the doors to potential new markets would be closed.  Accordingly, they instructed Forintek to 
initiate fire research that would deliver those technologies.  Forintek responded with a series of research 
initiatives: development of computer models to predict the fire-resistance of wood-stud walls and wood-
joist floor assemblies, development of fire-safety design guides for wood-framed non-residential 
buildings, and a collaborative project with NRC to develop structural fire resistance models for wood-stud 
walls.  While Forintek’s fire research program has resulted in the creation of a number of components for 
a comprehensive design tool for light-frame buildings, these do not constitute in themselves that tool.   
 
Forintek and the Canadian wood industry lack the resources to deliver these new technologies in a timely 
manner.  Because large buildings constructed with concrete and steel are the highest priority for public 
institutions such as the National Research Council Canada (NRC), Forintek recognised that it could not 
wait for them to develop design tools for wood-frame buildings.  Forintek might hire the services of NRC, 
or work collaboratively with NRC to develop these design tools, but that would still leave a gaping hole 
in the industry’s needs: trained professionals capable of using the new technologies to design and regulate 
construction of new light-frame buildings. 
 
After careful consideration, Forintek, on behalf of all Canadian manufacturers of wood products, 
concluded that establishment of an Industrial Research Chair on Fire Safety Engineering at Carleton 
University would be the most efficient way to deliver this critical element in the industry’s market plan.  
It was decided that an application be submitted to the Program on Industrial Research Chairs supported by 
the Natural Sciences and Engineering Research Council (NSERC).  The Program is intended to assist in 
the development of research efforts in fields that have not yet been developed in Canadian Universities 
but for which there is an important industrial need.  Under the Program, a major research effort centred on 
an established researcher is supported jointly by NSERC and industry for a period of five years. 
 
It was recognised that the establishment of an Industrial Research Chair on Fire Safety Engineering 
would result in delivery of the new technologies required by the Canadian wood industry and foster 
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creation of educational programs that would produce professionals trained in the use of these design tools.  
Establishment of the Industrial Research Chair at Carleton University in Ottawa would facilitate the 
Chair’s access to both Forintek’s and NRC’s fire research expertise in the development of those tools. 
 
This report summarises progress in the first four years of this five-year project to establish an NSERC 
Industrial Research Chair in Fire Safety Engineering at Carleton University.  The Chair was put in place 
in March 2001.  Detailed planning of a strategy to develop fire-safety design tools for non-residential 
wood-frame buildings has been completed.  The Chair has attracted a postdoctoral fellow and several 
students to assist in development of these tools.  The Chair has also been awarded grants that will provide 
facilities for the experimental components of the research program.  Much effort has also been expended 
to develop education programs to train students and practitioners in performance-based fire-safety design. 
 
 

3 Background 
 
Building codes set fire-protection requirements in order to ensure an adequate level of safety in buildings.  
The current Canadian requirements are prescriptive, so there is no clear statement of what performance is 
acceptable and no guarantee that all buildings are constructed to the same level of safety.  In fact, for non-
residential occupancies, current regulations often require that a higher level of fire safety be built into 
wood-frame buildings than into their concrete or steel counterparts.  The extra costs associated with 
providing this higher level of safety often make wood-frame buildings less economical to build.  Even 
when the building code and economics are not impediments, concerns about fire safety often cause 
designers, owners or insurers to avoid the use of wood in non-residential applications. 
 
Building codes around the world are being revised to include performance-based fire-safety requirements.  
Rather than simply complying with prescriptive requirements intended to address fire safety in generic 
buildings, the designer will have the option of tailoring fire-safety systems to address the actual fire 
hazards in a building.  By judging the acceptance of building design solely on the basis of performance, 
performance-based fire-safety requirements are expected to eliminate the inequitable treatment of wood 
products present in prescriptive building codes and thereby improve market access for wood products.  
The adoption of performance-based codes will also encourage more flexible and cost-effective design. 
 
In order to be prepared for the introduction of performance-based codes, architects, engineers and 
building code officials have pointed out the need for engineering tools to assess the fire performance of 
buildings.  If the wood industry has the tools in place, the move to performance-based design could result 
in increased market share for wood building products.  It would be particularly advantageous to develop 
fire-safety design tools for the non-residential wood-frame buildings governed by Part 3 of the National 
Building Code of Canada (NBCC) as these buildings must be structurally engineered in any case. 
 
In countries where building codes have both prescriptive and performance-based requirements, the lack of 
educational programs in fire-safety engineering has been a serious impediment to the acceptance and use 
of performance-based fire-safety design.  The potential benefits may not be realised if practitioners and 
building code officials are not conversant with the principles of performance-based design.  It is, 
therefore, important that the wood industry encourage engineers to learn more about this subject. 
 
This five-year project was initiated in 1999/2000 to develop fire-safety design tools for non-residential 
wood-frame buildings and to foster development and delivery of educational modules to train students 
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and practitioners in performance-based fire-safety design.  The proposed mechanism for achieving these 
goals was to establish an Industrial Research Chair at Carleton University. 
 
 

4 Staff 
 
J.R. Mehaffey, Ph.D. Project Leader 
L.R. Richardson Group Leader (fire) 
L. Poliquin, F.Eng., M.Sc. Former Program Manager, Building Systems 
R. Desjardins, P.Eng., M.Sc. Current Program Manager, Building Systems  
 
 

5  Project Plan 
 
The proposed work plan for this project as envisioned in April 1999 is presented below in Table 1. 
 
Table 1 Project Plan and Milestones (April 1999) 
 

Activities Planned Completion Date 

Prepare draft proposal for a five-year NSERC Industrial Chair September 31, 1999 

Establish NSERC Industrial Research Chair at Carleton University March 31, 2000 

Initiate a research program on wood and fire safety at Carleton University September 31, 2000 

Fire safety design tools for non-residential buildings March 31, 2004 

 
In November 2000, the work plan was revised to reflect progress in the negotiations to create the Chair.  
The new work plan is presented below in Table 2. 
 
Table 2 Project Plan and Milestones (November 2000) 
 

Activities Planned Completion Date 

Submit the proposal for establishment of an Industrial Research Chair at Carleton 
University to the National Science and Engineering Research Council for funding support Completed 

Establish Industrial Research Chair at Carleton University with at least $600,000 in 
NSERC funding support Completed 

Initiate a research program on wood and fire safety at Carleton University Completed 

Develop the outline for a multidisciplinary research program for non-residential buildings 
and establish the first fire research project for that program Completed 

In conjunction with NRC, initiate an academic program in fire-safety engineering at 
Carleton University September 1, 2003 

Develop fire safety design tools for non-residential buildings March 31, 2004 
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6 Results and Discussion 
 
6.1 Progress during 1999-2000 
 
6.1.1 NSERC Industrial Research Chair 
 
Even before the initiation of this project in April 1999, Forintek had begun to take steps to establish a 
Natural Sciences and Engineering Research Council (NSERC) Industrial Research Chair in Wood and 
Fire Safety at Carleton University.  The Department of Civil and Environmental Engineering at Carleton 
University had been approached with the idea in late 1998.  The Department expressed interest and 
informed the Dean of Engineering and the President of the University who also expressed interest. 
 
A candidate with a good international reputation was then approached and quickly agreed to pursue the 
Chair in co-operation with Forintek.  The candidate, a research scientist at the National Research Council 
Canada (NRC), had been leading a research team developing tools to aid in the design and assessment of 
fire-safe non-residential buildings of non-combustible construction. 
 
As writing the research proposal to NSERC was proving to be very time-consuming, J-C. Havard, a 
consultant familiar with wood industry issues, was retained to draft the proposal in consultation with 
Forintek, the candidate and the University.  A first draft was nearing completion in the spring of 1999. 
 
During the summer of 1999, an informal meeting was held with NSERC to discuss the draft proposal.  A 
number of revisions were recommended by NSERC in order to strengthen it.  The research component of 
the proposal was completely reworked by Forintek scientists and the candidate during the fall in order to 
respond to the NSERC comments.  The financial component of the proposal, ensuring significant 
leveraging of Forintek’s investment, was finalised during the winter of 1999-2000.   
 
6.1.2 The Research Proposal 
 
The focus of the proposed research was the development of engineering tools that could be used by fire 
protection engineers to design fire-safe wood-frame buildings in a performance-based code environment.  
This would entail conducting research into fire growth, fire behaviour of building materials, smoke 
movement, occupant response and evacuation, fire detection and suppression system effectiveness, and 
fire risk analysis.  Emphasis was to be given to research that would benefit the wood industry by 
providing design tools which ensure fair assessment of the impact of wood products in building fires.  To 
this end, it was agreed that a fire risk assessment framework and computer model to evaluate the overall 
fire safety performance of wood-frame buildings would be developed.  The framework would be ideally 
suited to assess the fire performance of three- or four-storey commercial buildings. 
 
6.2 Progress during 2000-2001 
 
6.2.1 NSERC Industrial Research Chair 
 
Carleton University and Forintek finalised the proposal to create an NSERC Industrial Research Chair in 
Fire Safety Engineering at Carleton University and submitted it to NSERC on June 2.  Forintek proposed 
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to provide the wood industry portion of the funding with NSERC covering the balance.  Strong letters of 
support from the Canadian Wood Council and the Canadian Forest Service were attached to the proposal.   
 
On August 15, an NSERC Site-Visit Committee visited Carleton University to learn more about the 
proposed research program as well as about the University’s and the industry’s commitments to the Chair.  
Although the Committee looked favourably on the proposal, it recommended some revisions including 
increased financial and administrative support from the University.  Revisions were made and the revised 
proposal submitted to NSERC on August 23. 
 
On September 27, NSERC approved the proposal, subject to the following conditions: 
• The candidate be granted tenure from the outset; 
• NRC acknowledge that its facilities could be employed as stated in the program of work; 
• An agreement on intellectual property be secured among NRC, Forintek and Carleton University; 
• Carleton University agree to offer a Masters degree in Civil Engineering with specialization in fire 

safety engineering within 2 years; 
• NRC be invited to participate on the Chair’s Steering Committee; and 
• Users (an architect and an engineer) to be invited to participate on the Chair’s Steering Committee.  
 
By late 2000, Carleton University, NRC and Forintek met all six conditions.  On January 15, the Chair 
was activated and Dr. George Hadjisophocleous was appointed Professor of Fire Safety Engineering.  
NSERC made an official announcement of the creation of the Chair on March 1.  The announcement 
received favourable coverage by Ottawa radio and television stations. 
 
6.2.2 The Research Proposal 
 
The proposed research entails development of computer models for evaluating and quantifying the overall 
risk from fires in buildings with initial emphasis on four-storey wood-frame commercial buildings.  A 
system model will be developed whereby the building will be treated as a system, complete with its fire 
protection options, building characteristics, occupants, and functions.  This approach will enable 
comparison of the costs and benefits of different design options available to designers and assist them in 
selecting safe and cost effective designs.  With risk analysis, the impacts of various possible fire scenarios 
on both life safety and property protection may be evaluated. 
  
A comprehensive system model to represent the interactions of fire growth and spread, fire detection and 
warning, fire suppression and human behaviour will be developed together with subsidiary computer 
models dealing with the various aspects of the fire problem.  The proposed model will be able to handle 
different types of building characteristics and functions, occupant characteristics, active and passive fire 
protection systems, construction materials, as well as the variety of fire scenarios that may be encountered 
in buildings.  The subsidiary models will calculate the consequence of fire incidents both in terms of 
human losses and property damages and the frequency of these incidents. 
 
To assist in the development of the system model, NRC has made FIERA available to the Chair.  FIERA 
is a system model for reinforced concrete or structural-steel industrial buildings that was under 
development at NRC by Prof. Hadjisophocleous while he worked there.  NRC has also agreed to make its 
testing facilities available to assist in development and validation of the required sub-models.  
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Table 3 summarises the proposed research tasks, the resource requirements, and timeframes.  In the 
Table, M.Eng. refers to a master’s program student, Ph.D. to a Ph.D. student, PDF to a post-doctoral 
fellow.  In order to deliver the work in the five-year tenure of the Chair, sufficient funding has been made 
available to Prof. Hadjisophocleous to supervise a total of 4 M.Eng students, 1 Ph.D. student and 3 post-
doctoral fellows. A detailed copy of the research plan is available from the author. 
 
Table 3 Research Tasks, Resource Requirements and Timeframes 
 

Research Task Year 1 Year 2 Year 3 Year 4 Year 5 

System model development  M.Eng.1 M.Eng.1    

Design fires, fire growth and smoke movement, 
experiments for input data and validation 

 Ph.D. Ph.D. Ph.D. Ph.D. 

Occupant response and evacuation   M.Eng.2 M.Eng.2  

Reliability of active systems   M.Eng.3 M.Eng.3  

Fire protection costs and direct fire losses    M.Eng.4 M.Eng.4 

Submodel integration, graphical user interfaces  PDF 1 PDF 1 PDF 2 PDF 2 PDF 3 

Structural response to fire, fire spread model   Forintek Forintek Forintek Forintek Forintek 

 
 
During March 2001, Dr. Zhuman Fu accepted a position as post-doctoral fellow under the supervision of 
Dr. Hadjisophocleous.  Dr. Zu received a Ph.D. Degree from the University of Science and Technology of 
China in 1995.  The title of his PhD thesis was “Numerical and Experimental Study of Building Fire 
Using Zone Modeling Method”.  From 1995 to 1997 he worked as a Researcher at the State Key Lab of 
Fire Science and from 1997 to early 2001, under the supervision of Dr. Hadjisophocleous, Dr. Fu worked 
at the Fire Risk Management Program of NRC as a postdoctoral fellow.  His work at NRC was focused 
on modelling fire growth and smoke movement in buildings.  He also participated in the development of 
FIERA, a comprehensive fire risk assessment model for industrial buildings.  At Carleton University Dr. 
Fu was to work on the development of the system model framework, the integration of the various 
submodels and the development of graphical user interfaces. 
 
6.2.3 Master’s Program in Fire Safety Engineering 
 
J.R. Mehaffey met on several occasions with faculty of Carleton University and fire scientists from NRC 
to develop plans for a Masters Degree in Civil Engineering with specialization in Fire Safety Engineering.  
There is currently no graduate program in Fire Safety Engineering in Canada.  The demand for fire safety 
engineers is, however, high and is expected to increase with the introduction of objective-based codes in 
2003.  Plans are also being made to offer short courses aimed at practicing professionals.   
 
The proposed curriculum comprises six core courses that will be offered during a three-term period as 
shown in Table 4.  These courses were selected following a review of courses offered at Universities in 
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other countries and the model curriculum for Fire Safety Engineering developed by the International 
Association for Fire Safety Science.    
  
Table 4 Proposed Courses in Fire Safety Engineering 
 

Course Title Instructor Date Offered 

Fundamentals of Fire Safety Engineering George Hadjisophocleous September 2001 

Fire Dynamics I Jim Mehaffey January 2002 

Fire Dynamics II Jim Mehaffey September 2002 

Human factors in fires Guylène Proulx September 2001 

Fire modelling George Hadjisophocleous September 2002 

Fire resistance To be decided January 2002 

 
6.2.4 Related Developments 
 
Prof. G. Hadjisophocleous submitted a Letter of Intent to the Canadian Foundation for Innovation (CFI) 
in order to seek funding to construct a unique full-scale fire research test facility.  The proposed facility 
would be used to perform full-scale fire tests to determine their impact on life safety, building structure, 
contents and the environment.  The experimental data obtained from these tests would be used to develop 
new and validate existing computer models to evaluate fire safety levels in buildings and other structures.  
The proposed facility would be constructed on the grounds of NRC at its fire test complex in Almonte, 
Ontario and would thereby complement NRC’s facilities. 
 
It was learned that the University of Waterloo intended to introduce an undergraduate program in 
Mechanical Engineering with specialization in Fire Safety Engineering.  Furthermore, a large-scale burn 
hall was to be constructed soon just off-campus.  On February 21, Prof. G. Hadjisophocleous and Dr. J.R. 
Mehaffey met with Prof. E. Weckman of the University of Waterloo.  During the meeting, it was 
informally agreed that the two universities would not compete with one another, but instead seek out 
opportunities to collaborate in delivering courses and in undertaking research.  
 
6.3 Progress during 2001-2002 
 
6.3.1 NSERC Industrial Research Chair 
 
The focus of the proposed research is the development of engineering tools that can be used by fire 
protection engineers to design fire-safe wood-frame buildings in a performance-based code environment. 
In order to achieve this during the five-year tenure of the Chair, sufficient funding has been made 
available to Prof. Hadjisophocleous to supervise several students and post-doctoral fellows.  His research 
team has already expanded to include: 
• Dr. Zhuman Fu, a post-doctoral fellow, who started in March 2001.  He is working on the 

development of the system model framework, the integration of the various sub-models and the 
development of graphical user interfaces.  
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• Mr. Ehab Zalok, a Ph.D. candidate, who started September 1.   The topic for his thesis has not yet 
been decided, but he is considering studying the reliability and effectiveness of active fire protection 
systems or developing models of design fires for commercial buildings. 

• Ms. Ineke Van Zealand, a Ph.D. candidate, who started September 1.  She is working in the area of 
human response to fire.  She will conduct surveys to determine occupant characteristics in 
commercial buildings, develop an occupant response model, incorporate this occupant response 
model into an existing evacuation model and develop a hazard analysis model. 

• Mr. Steven Craft, an M.A.Sc. program candidate, who started September 1.  He received his 
undergraduate degree in Forest Engineering from the University of New Brunswick.  

 
Steve Craft is undertaking a sensitivity analysis on WALL2D for his Masters thesis under the co-
supervision of Dr. J Mehaffey and Prof. Hadjisophocleous.  He intends to determine to what parameters 
or properties the fire-resistance rating of wood-stud walls is most sensitive and to what properties it is not 
sensitive.  He has created a list of the parameters in WALL2D.  As some parameters are "hard-wired" in 
WALL2D, Forintek has given him the source code to assist in his deliberations.  While Mr. Craft’s 
proposed assessment would relate to heat transfer, Dr. Bénichou at NRC has carried out a sensitivity 
analysis on the structural model developed in Project 2397.  It is planned to combine the thermal and 
structural findings.  
 
The Advisory Committee for the Chair in Fire Safety Engineering met at Carleton University on 
November 30.  The Chair and several of his students provided a progress report.  The industry 
representatives expressed pleasure and surprise with the progress to date. 
 
6.3.2 Master’s Program in Fire Safety Engineering 
 
When NSERC approved the proposal for a Chair in Fire Safety Engineering, it did so with the proviso 
that Carleton University offers a Masters degree in Civil Engineering with specialization in Fire Safety 
Engineering.  This was acceptable to Forintek because, in order to take full advantage of the introduction 
of performance-based codes, the industry requires qualified people to use the tools developed by the Chair 
for design and enforcement purposes.  Forintek and the Chair have developed a draft curriculum 
comprising six core courses that will be offered during a three-term period as depicted in Table 4. 
 
Four graduate courses in fire safety engineering were offered at Carleton University during the 2001/2002 
academic year: 
• During the fall term, Prof. Hadjisophocleous taught a course on “Fundamentals of Fire Protection 

Engineering".  He had 10 students in Ottawa and 13 students across Canada taking the course by 
video.  He demonstrated the use of several computer models in the classroom including WALL2DN, 
Forintek’s model for predicting the thermal response of wood-stud walls exposed to fire.  

• During the fall term, Dr. Proulx (NRC) taught a course on “People in Fires” to 10 students. 
• During the winter term, Dr. J. Mehaffey taught a course entitled “Fire Dynamics I”.  He had 8 

students in Ottawa and 8 students across Canada taking the course by video.  The course provided a 
foundation for understanding fire growth and severity in buildings, and for understanding how building 
components react under fire conditions.   

• During the winter term, Dr. N. Bénichou (NRC) taught a course on “Fire Resistance” to 9 students.  
During one class, he demonstrated the use of the fire-resistance model for wood-stud walls developed 
in Project 2397 Structural Fire Performance of Wood-stud Walls. 
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6.3.3 Funding for a Fire Research Facility at Carleton University 
 
Prof. Hadjisophocleous applied to the Canadian Foundation for Innovation (CFI) for funding to permit 
Carleton University to construct a full-scale fire research facility for buildings and other facilities.  In 
January, CFI approved the proposal for the development of a $10 million facility.  CFI’s contribution to 
this project is $4 million.  Other contributing partners include NRC, the Ottawa Fire Services and the 
Toronto Transit Commission.  Funding is also expected from the Ontario Innovation Trust.   
 
The facility will be used to conduct research to identify and improve fire safety levels in residential and 
commercial buildings, as well as transportation facilities, such as tunnels and underground stations.  Full-
scale fire tests that represent realistic fire scenarios in these buildings will be conducted to determine their 
impact on life safety, building structure, contents and the environment.  The experimental data obtained 
from these tests will be used to develop new and validate existing computer models to evaluate fire safety 
levels in buildings.   
 
This facility will be of great value to the research program of the NSERC Chair at Carleton University as 
it will provide unique research opportunities to graduate students at Carleton specialising in fire safety 
Engineering.  The facility, which will be constructed on the grounds of NRC’s fire test complex in 
Almonte, Ontario, will meet the needs of Carleton University, NRC, the Ottawa Fire Services, the 
Toronto Transit Commission and Canadian industry.  It will complement existing full-scale facilities at 
NRC and it will become a unique world class test site that will provide unequalled capabilities for fire and 
explosion research and be marketable to Canadian and international clients.  
 
The facility will be designed and constructed to accommodate research projects dealing with building and 
tunnel fire safety, as well as projects for subway stations and underground parking/storage spaces.  It will 
also provide opportunities for studies on environmental damage due to run-off water from fire fighting 
and toxic gas production; in addition, research in these two areas will address issues related to the health 
and safety of fire fighters.  
 
Some specific research projects that could be performed at the proposed facility include: development of 
design fires and fire scenarios for residential and commercial buildings; smoke movement in low-rise 
buildings; fire spread from compartment to compartment; prediction of life hazard in buildings as a result 
of toxic gases production, heat flux, temperature and smoke development; smoke management in tunnels 
and subway stations; large-scale calorimetry; fire spread between buildings / infill construction;  impact 
of wind and ventilation conditions on fire spread and smoke movement in buildings and tunnels; fire 
detection and suppression in large spaces; heat release rate of train cars; explosions and fires in confined 
spaces; arson investigation; fire fighting strategy and tactics; evaluating fire fighting equipment and 
techniques; development of fire fighter training material; and environmental and health impact of fires on 
fire fighters and the public.   
 
6.3.4 Related Developments 
 
The following related developments stress the importance of continuing to develop expertise at Forintek 
and Carleton University on Fire Safety Engineering for wooden structures.  As architects, engineers and 
building code officials have pointed out, in order to be prepared for the introduction of performance-based 
codes, there is need for engineering tools and expertise. 
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LABEIN, a research organisation in Spain, developed a Fire-Engineering Annex for Spanish Regulations 
pertaining to industrial buildings.  The goal was to develop a performance-based methodology for 
ensuring that an industrial building retains structural stability in the event of fire for a sufficient period of 
time that occupants can safely evacuate the building.  In principle, the building’s structure could be steel, 
reinforced concrete or wood.  Because of his participation in ISO/TC92/SC4 on fire safety engineering, a 
contractual agreement was signed whereby Dr. J. R. Mehaffey assisted in developing the Annex. 
 
An Ottawa engineering firm, Morrison Hershfield, is involved with an investigation of a recent barn fire.  
There is considerable uncertainty as to why the fire grew beyond the fire department’s suppression 
capabilities.  Forintek’s Dr. J.R. Mehaffey has been retained on a contractual basis to model the advance 
of the fire through the wooden structure.  
 
Gage-Babcock & Associates (GBA), a fire protection engineering firm in Vancouver, submitted a bid to 
undertake the fire-safety design of a new ski lodge.  Although it was planned that the top four storeys of 
the lodge be framed with wood, the proposed building height exceeded the limit permitted for 
combustible construction in the building code.  Furthermore, given the remote location of the lodge, it 
was not possible to provide the required fire department access.  As the lodge could not be built in 
compliance with the building code, GBA recommended that the fire-safety design be done employing 
performance-based techniques.  GBA approached Forintek for assistance since Forintek is developing 
tools and strategies for the performance-based fire-safety design of wood buildings.  A joint 
GBA/Forintek contract proposal was prepared and submitted to the builder.  Unfortunately, the joint 
proposal was not successful.  The owner decided to comply with the Building Code; that is, to construct it 
of reinforced concrete.  The cost of performance-based design for a wood-frame building was deemed too 
large with respect to the total project cost.   Clearly, as the Chair at Carleton University develops design 
tools, performance-based design for wooden structures will become more competitive. 
 
6.4 Progress during 2002-2003 
 
6.4.1 NSERC Industrial Research Chair 
 
The focus of the proposed research is the development of engineering tools that can be used by fire 
protection engineers to design fire-safe wood-frame buildings in a performance-based code environment.  
In order to deliver the work during the five-year tenure of the Chair, sufficient funding has been made 
available to Prof. Hadjisophocleous to supervise several students and post-doctoral fellows.  The status of 
his research team is as follows: 
• Dr. Zhuman Fu, a post-doctoral fellow, is continuing to work on the system model, the integration of 

the various sub-models and the development of graphical user interfaces. 
• Mr. Ehab Zalok, a Ph.D. candidate, is developing models of design fires for commercial buildings, 

and studying the impact of construction materials on fire growth and smoke movement.  He will also 
perform experiments for input data and validation of the computer models.    

• Mr. Steven Craft, a Ph.D. candidate, received his undergraduate degree in Forestry from the 
University of New Brunswick. More detail on his proposed area of research follows. 

• Mr. Derek Gruchy, an M.A.Sc. program student, is developing models to predict occupant response 
and evacuation in the event of a fire. 

• Mr. Dominic Esposito, an M.A.Sc. program student, is developing a methodology for undertaking 
Monte Carlo simulations in order to develop a probabilistic accounting for the distributions of input 
variables that impact on fire growth. 
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• Chandra Juneja, an M.A.Sc. program student, is developing models to represent the reliabilities of 
various active fire protection systems such as detectors, sprinklers, smoke control systems, etc. 

• Sean Tracey, a (part-time) M.A.Sc. program student is intending to undertake an extensive statistical 
analysis of fire loss databases relating to comercial buildings. 

• Judy Jeske, a (part-time) M.A.Sc. program student, is intending to undertake a fire safety analysis of a 
complex building. 

• François Lemay, a (part-time) M.A.Sc. program student, is intending to study the effect of 
combustible interior finish on fire growth. 

Dr. J.R. Mehaffey is on the academic committees overseeing the research undertaken by Mr. Zalok, Mr. 
Craft, Mrs. Jeske and M. Lemay. 
 
Ms. Ineke Van Zealand, a Ph.D. candidate, who had registered to study under Prof. Hadjisophocleous in 
2001-2002 decided to terminate her studies in 2002-2003 in order to accept an offer of employment with 
the Canadian Wood Council.  Her year’s worth of study is proving to be a benefit to the wood industry. 
    
Mr. Steve Craft, originally enrolled as a student in an M.A.Sc. program, decided to change his plans and 
become a Ph.D. candidate.  The aim of his research has changed and now he will determine the time to 
failure and probability of failure of wood-frame floor assemblies exposed to fire.  He intends to proceed 
as follows: 
 
• The time to failure (or fire resistance) will be predicted by first evaluating the thermal performance of 

the floor and then assessing its structural performance.  Forintek’s heat transfer model for floors will 
be finalised by Mr. Craft in order to predict the thermal performance of floors with solid wood joists 
or wood I-joists that may be insulated or non-insulated and protected by 12.7 or 15.9 mm fire-rated 
gypsum boards in one or two layers.  He will then develop a structural model that will use the thermal 
performance as input to calculate the effective cross section (reduced due to char) and the material 
strength (reduced due to temperature, moisture, etc) of the structural wood members.  The strength of 
the floor can then be calculated as a function of time and hence the time to failure can be determined. 

• In order to calculate the probability of failure, a sensitivity analysis on the input variables (such as 
material properties) will be performed to determine which variables are most significant in terms of 
fire resistance.  Using the variable distributions and a simulation process (possibly Monte Carlo 
simulation), the probability of failure as a function of time of exposure can be determined. 

• The thermal and structural models will be validated through comparison of their predictions with 
existing data from standard fire-resistance tests.  Once the models have been verified for the standard 
fire tests, they will be used to predict the performance of the floor assemblies under realistic fire 
scenarios. 

 
In August, the two full-time Ph.D. students, Mr. Craft and Mr. Zalok, wrote (and passed) comprehensive 
examinations on Thermofluids, Heat Transfer and Fire Dynamics.  The three-hour Fire Dynamics 
examination was prepared and graded by Dr. J.R. Mehaffey. 
 
Forintek’s internal research program has been redirected to foster strong collaborative links with the 
Chair’s research program.  We are directly collaborating with the Chair in selecting appropriate design 
fires for commercial buildings, in developing computer models to predict the fire resistance of wood-
frame assemblies, in characterising the flammability of room linings materials and in documenting the 
current fire performance of commercial buildings as recorded in statistical databases.  Forintek scientists 
sit on the research committees of several post-graduate students and have supervised several other 
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students undertaking directed studies.  Every effort is being made to ensure that research currently 
underway in the Chair’s program will be of immediate benefit to Forintek’s members and at the same 
time provide an important component in the overall risk model being developed by the Chair.  The 
development of computer models for the fire resistance of wood-frame assemblies best exemplifies this 
approach: These models are urgently needed by our members in the marketplace, and down the road will 
be a corner stone of the Chair’s risk models. 
 
The Advisory Committee for the Chair in Fire Safety Engineering did not meet during 2002-2003.  The 
Chair was required to submit a detailed Progress Report to NSERC on December 31, 2002 summarising 
the status of his research and related activities after the first two years of his appointment.  The Advisory 
Committee chose to await a response from NSERC before meeting again.  A copy of the Chair’s report is 
appended as Appendix I. 
 
As the industrial sponsor of the Chair, NSERC asked Forintek to comment on the Progress Report 
submitted by the Chair to NSERC.  In its response, Forintek noted that Forintek scientists have been 
working closely with the Chair and is very satisfied with the progress to date.  Forintek expressed the 
opinion that the research team assembled by Prof. Hadjisophocleous can develop computer models to 
predict the fire-safety performance of light-frame wood buildings in a timely fashion. 
 
6.4.2 Forintek’s In-kind Contributions to the Chair 
 
In addition to the financial assistance Forintek agreed to provide for establishment of this industrial 
research chair in fire safety engineering, Forintek also agreed to provide substantial in-kind assistance.  A 
description of in-kind contributions that Forintek has made to date in support of the Chair follows. 
• Forintek paid the expenses for Steve Craft to participate in an Ad Hoc Wood-Industry Fire-Research 

Meeting convened September 18-19 at the U.S. Forest Products Laboratory in Madison Wisconsin.  
The meeting was convened to discuss progress in the development of models to facilitate 
performance-based design of wood-frame buildings.  It also provided an opportunity to introduce Mr. 
Craft to the issues facing the industry and to the scientists engaged in research addressing these 
issues.  Mr. Craft’s Ph.D. thesis topic is to develop a computer model to predict the fire resistance of 
wood-frame floor/ceiling assemblies.  Several participants in the meeting have undertaken related 
research and may provide useful assistance as his work evolves. (2002-2003) 

• Arrangements have been made to provide Mr. Craft with data from an extensive series of fire 
resistance tests being conducted on wood-frame floor/ceiling assemblies at NRC (see Project No. 
1083).  The data will be used to validate the computer models developed by Mr. Craft.  (2001-2004) 

• An annotated source code for Forintek’s computer model for wood-stud walls as a starting point for 
constructing a wood-frame floor model. (2002-2003)  

• A workstation has been made available to Mr. Craft in Forintek’s Ottawa offices for the duration of 
his studies.  (2002-2005) 

• Forintek has arranged to turn over much of its small scale fire testing equipment to the Chair 
including (2002-2003): 

 A 2.4 m (4’) cubical fire-endurance floor furnace; 
 An ASTM E662 smoke chamber; and 
 An ASTM E162 radiant panel flame-spread test apparatus. 

• Forintek’s cone calorimeter has been made operational in the Carleton University laboratory and it 
will be shared with the Chair.  Forintek is prepared to cover a portion of the costs required to provide 
adequate exhaust ducts for the apparatus. (2002-2003) 
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• Forintek is covering all costs related to procurement and analysis of fire loss statistics in commercial 
buildings. (2003-2004) 

• Forintek and the Chair have come to an agreement whereby Forintek will fund a series of room-fire 
tests to assess the flammability of lining materials (2003-2004). 

 
6.4.3 Master’s Program in Fire Safety Engineering 
 
In addition to establishing a strong research program at Carleton University, the Chair is expected to 
establish an educational program in fire safety engineering.  Forintek scientists are playing a major role in 
this initiative.  Dr. J.R. Mehaffey has been involved in the Education Committee that established six post-
graduate courses in fire safety engineering and is developing course material and offering two of those 
courses.  He has also been involved in planning and will participate in delivering a Workshop in the 
spring of 2003 on fire safety engineering for practising engineers.  

 
Carleton University offered five graduate courses in fire safety engineering in 2002-2003: 
• Prof. Hadjisophocleous taught a course in the classroom entitled “Fire Modelling” during the fall. 
• Dr. G. Proulx (NRC) taught a course entitled “People in Fires” during the fall.  Several students in 

Ottawa attended her lectures while others across Canada took the course by video. 
• Dr. J.R. Mehaffey taught a course entitled “Fire Dynamics I” during the fall.  This course was offered 

and video-taped during the Winter Term of 2002.  4 students in Ottawa took the course through 
“Instructional Television” and 7 students across Canada took it by video. 

• Dr. N. Bénichou (NRC) taught a course in the classroom entitled “Fire Resistance” during the winter 
term.  

• Dr. J.R. Mehaffey taught a course entitled “Fire Dynamics II” during the winter.  9 students in Ottawa 
took the course in the classroom or on “Instructional Television” while 12 students across Canada 
will took it by video.    

 
Prof. Hadjisophocleous is also attempting to have fire safety engineering acknowledged as an area of 
specialization at Carleton University.  This requires formal accreditation from the Ontario Council of 
Graduate Schools (OCGS).  Two options are available through OCGS.  The first option is to create a free-
standing program in Fire Safety Engineering and the second is to create a collaborative program in Fire 
Safety Engineering.  These two options are described below. 
• Option 1.  Fire Safety Engineering as an area of specialization in Civil Engineering.  To get OCGS 

approval for this option there must be a minimum of 3 full-time faculty members in the department 
associated with the program, teaching courses and supervising students.  In addition, the review 
process for this is quite rigorous.  It may take years before we can succeed following this option. 

• Option 2.  Fire Safety Engineering as a Collaborative Program.  The collaborative program involves 
two or more existing OCGS approved programs, for example Civil and Environmental Engineering, 
and Mechanical and Aerospace.  With a collaborative program, students can stay in their respective 
departments, take the necessary courses for the specialization, do their thesis in the area, and get their 
degree from their department with specialization in Fire Safety Engineering written on their degree; 
e.g. M.A.Sc. in Civil Engineering with specialization in Fire Safety Engineering or M.A.Sc. in 
Mechanical Engineering with specialization in Fire Safety Engineering. This option would permit the 
quick establishment of Fire Safety Engineering as an area of specialization and is currently under 
discussion.   
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Carleton University is initiating a Workshop Series on Fire Safety Engineering for practising engineers.  
A four-person committee, including J.R. Mehaffey, has been formed to develop a draft program for the 
Workshop Series.  The first workshop, which will be a 3-day short course on Fire Safety Engineering 
offered May 14-16, 2003.  The course will be designed for fire investigators, building officials, code 
consultants, fire safety officers, building science practitioners, architects and fire prevention officers.  The 
course will provide a description of the regulatory system and will present examples of design in both the 
prescriptive and performance based code environments.  Specific topics will include fire initiation and 
development, movement of effluents, passive and active fire protection systems, and occupant response 
and evacuation.  J.R. Mehaffey will give three one-and-a-half hour lectures during the Workshop: “Fire 
Initiation and Development”, Movement of Effluents” and “Response of Materials to Fire”. 
 
6.4.4 Funding for a Fire Research Facility at Carleton University 
 
Plans for construction of a $10 million full-scale fire research facility for residential and commercial 
buildings and transportation facilities are well underway.  The facility will be of great value to the Chair’s 
research program.  Prof. Hadjisophocleous has secured $4 million from the Canadian Foundation for 
Innovation, $4 million from the Ontario Innovation Trust and $2 million from other major contributing 
partners including NRC, the Ottawa Fire Services and the Toronto Transit Commission.  An architect has 
been chosen and construction of the facility will commence in the summer of 2003 on the NRC site in 
Almonte, Ontario.  
 
6.4.5 Related Developments 
 
Prof. Hadjisophocleous has established important research networks within Carleton University. 
• Faculty in Environmental Engineering have expressed interest in collaborating on a project intended 

to investigate contaminated water run-off from fire fighting activities in non-residential occupancies 
such as factories, warehouses or mercantile establishments.  This has become a major concern in 
some countries. 

• A memorandum of understanding has been signed between Faculty in Civil Engineering (including 
the Chair) and Public Works and Government Services Canada in the areas of Fire Safety and 
Earthquake Engineering. 

• Faculty in Mechanical Engineering have expressed interest in participating in joint research projects 
and in modifying an existing course on combustion to include fire-related topics. 

  
An opportunity has arisen that could result in the appointment of a second faculty member at the Assistant 
or Associate Professor level in the emerging Fire Safety Engineering Program at Carleton University.  
The Department of Civil and Environmental Engineering has invited applications for nomination as a Tier 
II Canada Research Chair.  Faculty in the Department conduct research in a number of areas that affect 
the safety of human life, property and the environment.  These include fire safety engineering, earthquake 
engineering, bridge engineering, transportation safety engineering, geo-technical engineering and 
environmental engineering.  Applicants are expected to have experience in applying risk analysis and 
management techniques in one or more of these areas. 
 
 



Fire Safety Design for Non-residential Buildings 

 
 
 
 

 
 

15 of 15 
 

7 Conclusions 
 
The wood products industry has requested that Forintek undertake research supporting its goal to expand 
its market share in non-residential buildings. This is a challenging goal because current prescriptive fire-
safety requirements in building codes exhibit a bias against the use of wood products, particularly in the 
construction of non-residential buildings.  The international trend towards adopting performance-based 
building codes offers the promise of eliminating such biases.  By judging the acceptance of building 
design solely based on performance, performance-based fire-safety requirements are expected to ensure 
equitable treatment of all building products and thereby improve market access for wood products.  
 
In order to be prepared for the introduction of performance-based codes, architects, engineers and 
building code officials have pointed out the need for engineering tools to assess the fire performance of 
buildings.  This five-year project was initiated to develop fire-safety design tools for non-residential 
wood-frame buildings, and to foster development and delivery of educational modules to train students 
and practitioners in performance-based fire-safety design.   
 
In order to achieve these goals, an NSERC Industrial Research Chair in Wood and Fire Safety has been 
established at Carleton University.  The focus of the research program is the development of engineering 
tools that can be used by fire protection engineers to design fire-safe wood-frame buildings in a 
performance-based code environment.  In order to achieve this during the five-year tenure of the Chair, 
sufficient funding has been made available to Prof. Hadjisophocleous to supervise several students and 
post-doctoral fellows.  His research team has already expanded to include a post-doctoral fellow, two 
Ph.D. candidates and six M.A.Sc. program students.  Efforts have been made to establish a Masters 
Degree program in Fire Safety Engineering.  Four new courses were offered in 2001/2002 and an 
additional two courses in 2002/2003.  Graduates of the proposed master’s program will find employment 
in the design and regulatory communities, and will be equipped to undertake performance-based design of 
wood-frame buildings.  The Chair has secured additional funding from CFI to establish a unique fire test 
facility that will assist in delivering the research program funded by Forintek and NSERC. 
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EXECUTIVE SUMMARY 
 

An Industrial Research Chair in Fire-Safety Engineering has been established at 
Carleton University within the Department of Civil and Environmental Engineering in 
March of 2001.  The Chair is supported financially by Forintek Canada Corporation and 
the Natural Sciences and Engineering Research Council (NSERC).    

 
The objectives of the Chair address Canada’s need for the development of 

computer models and other tools to predict the fire-safety performance of buildings, as 
well the need for highly qualified people in the area of fire safety engineering.  The present 
focus of the research is on the development of computer models to predict the fire-safety 
performance of light-frame wood buildings.  These tools are needed to demonstrate 
whether buildings meet the objectives established by objective-based building codes that 
are about to be adopted in Canada.    

 
This report describes in detail the main activities of the Chair over the last two years.  

These activities have been grouped into the following areas: research program; research 
team; facilities; training of highly qualified personnel; and interactions of the Chair within 
Carleton University and with external organizations.  Significant progress has been made 
in all areas.    

 
Research activities have progressed very well despite initial delays in finding 

students and the departure of two of the initially admitted students.  The framework for the 
system model has been developed and the computer model written.  Two of the 
submodels: namely the Expected Risk to Life and the Fire Cost Expectation have also 
been completed.  A survey of commercial buildings to determine fire loads and types of 
combustibles in these buildings have been performed and the results are currently being 
analysed.  The results of this analysis will assist in developing design fires representative 
of fires in commercial buildings.  It is expected that in the new year progress will be made 
at a faster rate as students complete their coursework and focus on their research 
projects.   

 
Building the research team was a challenging task, especially due to the departure 

of the initial two students admitted in the program.  With the admission of new students, 
however, a solid research team is now in place consisting of a postdoctoral fellow, two 
Ph.D. candidates, and three Masters students.  In addition, four part-time Masters 
students have enrolled in the program.   

 
A significant accomplishment of the Chair is the securing of funding through the 

Canadian Foundation for Innovation and the Ontario Innovation Trust, and contributions 
from NRC, the Ottawa Fire Services and the Toronto Transit Commission for the 
construction of a $ 10 million, new full-scale fire research facility and the purchase of 
laboratory equipment for the campus laboratory.  The facility will provide excellent 
research opportunities for the students in the program.   
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To select graduate courses to form the core courses of the Fire Safety Engineering 
program, a Graduate Program Committee has been established right after the 
establishment of the Chair.  The committee has selected six graduate courses and has 
identified potential instructors to develop and teach these courses.  All of these courses 
have already been developed and offered at least once, with exception of Fire Dynamics 
II, which will be offered this winter term.  Some the courses have been videotaped and 
have being offered through the university’s Tapes-to-You program.  Enrolment in the 
courses is very promising with an average of over 10 students per course.  The Chair has 
also initiated the process to get approval to establish Fire Safety Engineering as a 
recognized specialization area at Carleton University.  To achieve this, a submission has 
to be made to the Ontario Council of Graduate Studies (OCGS).   

 
The Chair has devoted many efforts towards the goal of making Carleton University 

the hub of a network of organizations and Universities with interest in fire safety.  These 
efforts have resulted in establishing collaborations with NRC, PWGSC, the Ottawa Fire 
Services, the Toronto Transit Commission and the University of Waterloo.  Many of these 
activities have resulted in securing contributions to Carleton University’s activities, such as 
the proposal to CFI, as well as in obtaining funding for student projects.   

 
 

.  
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1. INTRODUCTION 
 
With financial support from Forintek Canada Corp. and the Natural Sciences and 

Engineering Research Council (NSERC) an Industrial Research Chair on Fire-Safety 
Engineering has been established at Carleton University within the Department of Civil 
and Environmental Engineering.  The Chair was officially announced on March 1, 2001 by 
the president of NSERC, Dr. Tom Brzustowski.   

 
The Chair has a research program that addresses Canada’s need for the 

development of computer models and other tools to predict the fire-safety performance of 
buildings.  Initially, research will focus on the development of computer models to predict 
the fire-safety performance of light-frame wood buildings.  These tools are needed to 
demonstrate whether buildings meet the objectives established by the objective-based 
building codes that are about to be adopted in Canada.  As well as carrying out the 
research program, the Chair is leading the efforts to develop a graduate program in Fire 
Safety Engineering at Carleton University.  This will be the first program in recent years in 
Canada offering opportunities for post-graduate education in Fire Safety Engineering.   

 
Although the Chair was established in March of 2001, the first student members of 

the research team began their studies in September of 2001.  The implication of this, as it 
will be seen in this report, is a slower start of the research program activities than planned.  
It allowed, however faster progress in other areas and the development of new initiatives.     

 
This progress report describes the research program activities to date, as well 

plans and directions for the future.  The discussion on the research activities is covered in 
Section 2 of the report. Section 3 describes the evolution of the research team; Section 4 
deals with the research facilities, while Section 5 describes activities and progress made 
in the area of training of highly qualified people.  In Section 6, a discussion is provided on 
the interactions of the Chair with other faculty members at Carleton University, 
interactions with the industrial contributing partners and with other organizations that have 
interest in fire research.  Section 7 describes technology transfer activities.    
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2. RESEARCH PROGRAM 
 
2.1 Introduction 

 
The focus of the Chair’s research is the development of engineering tools that can 

be used by fire protection engineers to quantify fire safety levels in buildings and assist the 
design of fire-safe, wood-frame buildings.  This entails the development of a 
comprehensive system model for fire hazard and fire risk evaluation, and subsidiary 
submodels for fire growth, fire behaviour of building materials, smoke movement, occupant 
response and evacuation, fire detection and suppression system effectiveness.  Particular 
emphasis is given to research that will benefit the wood industry by providing design tools 
that ensure fair assessment of the impact of wood products in building construction. 
 
2.2 Objectives of research program 
 

The primary objective of the research program is to develop and validate 
engineering tools that fire protection engineers can use to design fire-safe, light-frame 
buildings in a performance based-code environment.  Initially the proposed research will 
target four-storey commercial buildings and subsequently consider other buildings.  To 
achieve this goal, the objectives of the research are to: 
a) develop a generic fire risk assessment framework and computer model to evaluate the 

overall fire safety performance in buildings 
b) develop a framework and associated computer models to evaluate whether fire 

protection designs meet the objectives established in performance-based codes 
c) incorporate in the system model existing or new computer models for fire growth, 

smoke movement, occupant response and evacuation, and life hazard 
d) perform experiments to generate input data for the models and to validate fire growth 

and smoke movement models, and 
e) develop design fires representative of fires in these buildings. 
 

2.3 Main tasks of research program 
 

The plan of the Chair’s research program, as outlined in the proposal submitted to 
NSERC, has the following main tasks: 

 
1. System model for hazard and risk analysis 
a) Perform literature review on fire risk analysis 
b) Design and develop system model architecture and framework 
c) Design and develop a building geometry module 
d) Develop hazard and risk analysis module 
e) Develop fire cost expectation module 
f) Integrate sub-models into system model 

 
2. Design fires, impact of construction materials on design fires 
a) Determine design fire characteristics and frequencies 
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b) Perform statistical analysis to determine impact of construction materials on design 
fires 

c) Perform full-scale tests to characterize design fires 
 

3. Fire and smoke movement 
a) Select fire growth and smoke transport models and incorporate fire growth model 

into smoke transport model 
b) Perform cone calorimeter experiments to obtain input data for fire growth models 
c) Perform full-scale experiments for fire growth model validation 
d) Perform full-scale experiments for smoke movement model validation 

 
4. Occupant response, evacuation and life hazard 
a) Conduct survey to determine occupant characteristics in commercial buildings 
b) Develop occupant response model 
c) Incorporate occupant response model into an evacuation model 
d) Develop hazard analysis model 
 
5. Reliability and effectiveness of active fire protection systems 
a) Use statistics to determine reliability of smoke and heat detectors, and sprinklers 
b) Identify parameters affecting reliability and build fault tree model of sprinkler 

system 
 

6. Behaviour of structures exposed to fire 
a) Perform statistical analysis  
b) Modify and incorporate Forintek’s model into system model 
c) Develop fire spread sub-model 
 
7. Economic impact of fires 
a) Determine costs for installation of fire protection systems in buildings 
b) Develop costs of repairing fire and smoke damages 

  
Table 1 shows the start and end time of the main tasks, as presented in the 

proposal.  It also indicates the resources allocated for each task.    
 

 7



Industrial Research Chair in Fire Safety Engineering   

Progress Report 
 

Table 1. Research activity, resource requirements and timeframes. 
 

Research Activities Year 1 Year 2 Year 3 Year 4 Year 5 

System model development, 
hazard and risk analysis and 
Monte Carlo simulation modules 

Masters Masters    

Design fires, impact of 
construction materials, fire 
growth and smoke movement, 
experiments for input data and 
validation 

 Ph.D. Ph.D. Ph.D. Ph.D. 

Occupant response and 
evacuation 

  Masters Masters  

Reliability of active systems   Masters Masters  

Fire protection costs and direct 
fire losses 

   Masters Masters 

System model framework, 
objectives evaluation, submodel 
integration, secondary 
submodels, graphical user 
interfaces  

PDF 1 PDF 1 PDF 2 PDF 2 PDF 3 

Structural response to fire, fire 
spread model (2 Person Years)  

Forintek Forintek Forintek Forintek Forintek 

 
As it will be seen in the following discussion there is a deviation from the plan 

shown in Table 1.  This is a result of many factors such as delays in forming the research 
team, early departures of team members, and research interests of team members.  Table 
2 shows the current members of the team in bold and the activities they are working on.  
Table 2 also shows two of the students that were admitted in the program at the PhD level 
identified as PhD1 and PhD2.  Both of these students decided to withdraw from the 
program for personal reasons.  This has resulted in a loss of funds in the order of $15,000 
with minor benefit to the program, as their work was mostly literature review and 
coursework.   
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Table 2. Modified research activities, resource requirements and timeframes. 
 

Research Activities Year 1 Year 2 Year 3 Year 4 Year 5 

System model development, 
hazard and risk analysis;  

Monte Carlo simulation modules 

PDF1  

 
Masters 

 

 
Masters 

  

Design fires, impact of 
construction materials, fire 
growth and smoke movement, 
experiments for input data and 
validation 

Ph.D.1 Ph.D.3 Ph.D.3 Ph.D.3 Ph.D.3 

Occupant response and 
evacuation 

Ph.D.2 Masters Masters   

Reliability of active systems  Masters Masters   

Fire protection costs and direct 
fire losses 

   Masters Masters 

System model framework, 
objectives evaluation, submodel 
integration, secondary 
submodels, graphical user 
interfaces  

PDF 1 PDF 1 PDF 1 PDF 2 PDF 2 

Structural response to fire, fire 
spread model (2 Person Years)  

Forintek Forintek Forintek Forintek Forintek 

 
 

 
2.4 Accomplishments to date 
 
 Table 3 shows the main tasks of the Research Program that were identified in the 
proposal and provides a brief description of the current status.  More details of the 
research activities to-date are given in the sections following Table 3.    
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Table 3.  Status of main tasks.   
 

Task Comments 

System model for hazard and risk analysis  

Perform literature review on fire risk 
analysis 

Completed 

Design and develop system model 
architecture and framework 

Completed, currently being tested 

Design and develop a building geometry 
module 

This task will commence when the 
system model is completed and the 
smoke movement model incorporated 
into the system model.   

Develop hazard and risk analysis module Completed 

Develop fire cost expectation module Completed 

Integrate sub-models into system model This is an ongoing task that integrates 
submodels once developed into the 
system model 

Design fires, impact of construction 
materials on design fires 

 

Determine design fire characteristics and 
frequencies 

Survey of commercial establishments 
has been completed, analysis of the 
data is being performed.   

Perform statistical analysis to determine 
impact of construction materials on design 
fires 

This work is done in collaboration with 
Forintek.  It expected the analysis will 
be done in 2003.   

Perform full-scale tests to characterize 
design fires 

Experimental work to commence in 
spring of 2003.   

Fire and smoke movement  

Select fire growth and smoke transport 
models and incorporate fire growth model 
into smoke transport model 

Presently the two-zone model 
developed by Fu and Hadjisophocleous 
is being incorporated into the system 
model.  A driver is also being written to 
convert the outputs of CFAST 
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computer model into the system model 
data format.   

Perform cone calorimeter experiments to 
obtain input data for fire growth models 

Work using the cone calorimeter is 
expected to commence in 2003 once 
the ventilation system is operational.   

Perform full-scale experiments for fire 
growth model validation 

To be done in 2003.  

Perform full-scale experiments for smoke 
movement model validation 

This experimental work will be done in 
2003-2004.   

Occupant response, evacuation and life 
hazard 

 

Conduct survey to determine occupant 
characteristics in commercial buildings 

This work was to be done by Ms Van 
Zeeland.  A new student who started 
last September will be responsible for 
this task.   

Develop occupant response model Model has been developed.  It is 
currently being tested and it will be 
incorporated into the system model in 
early 2003.   

Incorporate occupant response model into 
an evacuation model 

An evacuation model has not been 
selected yet.  This will be done 
following the completion of the above 
two tasks.   

Develop hazard analysis model Completed 

Reliability and effectiveness of active fire 
protection systems 

 

Use statistics to determine reliability of 
smoke and heat detectors, and sprinklers 

A student has been identified to do this 
work, part of which will be done in 
collaboration with Forintek.  It should 
be completed in 2003. 

Identify parameters affecting reliability and 
build fault tree model of sprinkler system 

This work will commence in 2003.   

Behaviour of structures exposed to fire  
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Perform statistical analysis  Forintek has initiated a project to do the 
statistical analysis.   

Modify and incorporate Forintek’s model 
into system model 

Initially this work was undertaken by 
Mr. Craft our NSERC student, however 
he has change project after he has 
been transferred to the PhD program.  
Dr. Takeda has been employed by 
Forintek to continue this work.   

Develop fire spread sub-model This task will commence in 2004.    

Economic impact of fires  

Determine costs for installation of fire 
protection systems in buildings 

This task will commence in 2004.   

Develop costs of repairing fire and smoke 
damages 

This task will commence in 2004.   

 
 
 
2.4.1 Literature review on risk analysis 

 
A review of recent work in the area of fire risk assessment and its application was 

performed.  The review covered the following areas: acceptable fire risk levels, and the 
relationship between fire risk assessment and performance-based codes; types of fire risk 
assessment methods; existing fire risk models, including CESARE-Risk in Australia, 
FiRECAM and FIERAsystem in Canada, CRISP in UK, and the quantitative risk 
assessment model of Lund University.  The results of this review have been documented 
in a report, as well in a review paper, which has been submitted to an International 
Journal for publication.   

  
 
2.4.2 System model development 
 

The framework for the system model of the fire risk assessment model has been 
developed. The system model deals with the system methodology and the basic structure 
of the risk assessment procedure.  It also provides specifications for the different 
submodels used in the analysis, initializes the risk assessment model, identifies the fire 
scenarios and transfers data between the system and the other submodels.  The system 
model is designed to be as flexible as possible, in that it will allow external models such as 
CFAST to predict fire growth and smoke movement, EXIT to calculate occupant 
evacuation, and WALL2D to calculate boundary failure, to be used in the risk analysis 
calculation.   
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Two subsidiary submodels have also been developed and are also included in the 

system model: the Expected Risk to Life (ERL) and the Fire Cost Expectation (FCE) 
submodels.  The expected risk to life submodel is used to calculate the ERL, one of the 
two final decision-making parameters, defined as the expected death frequency per year 
per individual of a building during the design life of the building. The Fire Cost Expectation 
submodel has also been completed.  This submodel calculates the Fire Cost Expectation 
(FCE), which is the other decision-making parameter computed by the model.  FCE 
consists of three parts, fixed capital investment on active and passive fire protection 
systems, maintenance and inspection costs of the active fire protection system, and the 
expected loss due to fire and smoke spread.  These costs will be provided by the 
economic model, which is not yet completed.   
 
2.4.3 Life Hazard Submodel 
 

The Life Hazard submodel is used to calculate the probability of death for each 
occupant in the building.  This probability is a result of dosages of toxic gases received by 
occupants; the temperature of the hot gases the occupants are exposed to; the level of 
heat fluxes occupants receive; and exposure to direct flame due to fire spread from the 
compartment of fire to other compartments.  The probability of death due to hot and/or 
toxic gases is expressed in terms of the fractional incapacitating dose (FID), while the 
probability of death due to high heat fluxes is computed using probit functions.  This 
probability is then used to calculate the number of occupants killed in each fire scenario.   
 

The probability of death due to breathing toxic gases is calculated by considering 
the effects of CO, CO2 and oxygen. CO is the major cause of incapacitation in fire. CO2 
will affect the rate of breathing and hence will affect the intake of CO. The lower oxygen 
concentration will directly increase the degree of hypoxia. The fractional incapacitating 
dose (FID) is defined such that the dose will be lethal when FID is unity. This FID is then 
used as the probability of death due to breathing toxic gases. The probability of death due 
to breathing or being exposed to hot gases is calculated from an empirical equation of the 
hot gas temperature. The time-dependent probability of death from exposure to high 
thermal radiation heat fluxes at a given location in the compartment is calculated using the 
sum of the heat fluxes from the fire and from the hot layer. 
 

The Fire Spread Hazard submodel considers the time dependent probability of fire 
spread to any other compartment from the fire compartment due to the failure of barriers 
caused by fire.  This probability is then used to calculate the probability of death due to 
flame exposure for occupants in these compartments.  Since the life hazards caused by 
toxic and hot gases as well as heat flux are considered in the previous calculations, this 
model considers only the effect of flashover in adjacent compartments resulting from fire 
spreading to these compartments.  It is reasonable to assume that whenever flashover 
occurs, occupants still in the compartment will be killed; i.e., the probability of deaths is 
equal to the probability of flashover in that compartment.   
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2.4.4 Occupant Response Submodel 
 

The Occupant Response submodel is used to predict the response of occupants to 
the various warnings received following the initiation of a fire in the building. This 
submodel takes input data from the submodels of Fire Growth, Smoke Movement and Fire 
Detection.  The results of this submodel are the probability of evacuation at different 
times.  This information will be used by the Occupant Evacuation submodel.  The 
developed Occupant Response model follows a similar approach as the one used by the 
risk models FiRECAM and FIERAsystem.   

 
2.4.5 Fire growth and smoke movement model 
 

A two-zone smoke movement model for a multi-compartment, multi-storey building 
developed by Fu and Hadjisophocleous [1] will be used to predict the conditions in the 
building.  To validate the model, simulations were performed to simulate full-scale tests 
conducted at NRC and the predictions of the model were compared to the experimental 
data.  Two different validation exercises have been done.  In the first study the model was 
used to simulate smoke flow in a stair shaft, simulating experiments conducted in a 10-
storey experimental smoke tower at NRC. The predictions of the model compared well 
with the experimental data [2], demonstrating that the model is capable of predicting 
smoke movement through a stair shaft in a multi-storey building. 
 

In the second exercise, the two-zone model was used to simulate a series of 
atrium model tests conducted at NRC to investigate the effectiveness of the smoke 
exhaust system in an atrium.  The influence of the heat release rate, the measured 
exhaust rate, and exhaust extension on smoke management were studied.  A series of 
data, including interface height, smoke layer temperature and CO2 concentration, were 
measured and compared to prediction results. It was shown that the two-zone model can 
predict reasonably well the fire and smoke conditions in the atrium [3]. 

 
2.4.6 Programming of the System Model and Submodels 
 

The initial version of the fire risk assessment system has been coded using MS 
Visual Basic Version 6.0.  The program is used to perform the calculations of the system 
model including data input directly to the system model, data input that are results of other 
submodels, and data output.  Data outputs include the results of the Expected Risk to Life, 
Fire Cost Expectation, and Life Hazard submodels.  The program contains a simple 
interface to create, save, open and run a system file.  The input and output files are text-
based format, for the convenience of data transfer and use.  In addition, the Occupant 
Response model has been developed, and its currently being tested and debugged. 
 
2.4.7 Design Fires 
 
 Work on design fires has started with a survey of commercial buildings to 
determine fire loads and types of combustible typical in these buildings.  Over 200 stores 
have been surveyed and detailed data obtained regarding amounts and types of 
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combustible contents and lining materials.  The results of the survey are currently being 
analyzed with the objective to develop a number of design fires that can be used to 
characterize fires in these buildings.   
 
2.4.8 Structural Response to fires 
 
 Work in this area was initially undertaken by Steve Craft as part of his Masters 
thesis, in September 2001.  In the summer of 2002, Steve decided to transfer into the PhD 
program and with that his research objectives have changed.  While initially the emphasis 
was to use Forintek’s WALL2D model to calculate the probabilities of failure of timber 
frame walls, he is now focusing on developing a new model to predict the behaviour of 
timber-constructed floors when exposed to fires.  This work is also relevant to the Chair’s 
research program. 
 
 To continue with the work that was initially to be performed by Steve, Forintek has 
contracted Dr. Takeda, who helped develop WALL2D.  In addition, work continues at NRC 
with funding from Forintek to extend WALL2D, which currently include a thermal response 
submodel only, to include a structural response submodel.    
. 
2.4.9 Other work 
 

The Computational Fluid Dynamics (CFD) model “Fire Dynamics Simulator” (FDS) 
developed by the National Institute for Standards and Technology (NIST) has been set-up 
in one of the computers of the research team.  The theory of this model was covered in 
the course “Fire Modelling”, which was offered in the Fall of 2002.  As part of the 
demonstration to the students the model was run for a number of case studies modeling 
the compartment fires used for the validation of the two-zone model.  It is planned to use 
this model in the work towards the characterization of the design fires.   

 
2.5 Research directions for next three years 
 
 The team is almost at full capacity at the moment and hopefully all members will 
stay in the program until they complete their degrees.  This will mean that work will 
progress rapidly over the next two years in all areas.   
 
2.5.1 Experimental work 
 

In the near future an agreement being negotiated with NRC for the experimental 
work of the research program will be finalised.  This will allow us to start full-scale testing 
in the spring of 2003.  This testing will focus on characterizing design fires representative 
of commercial buildings.  The results of the surveys will be used to define fuel loads and 
type of combustibles for these tests.    

 
Tests will also be performed in the 10-storey tower of NRC to obtain data for the 

validation of the smoke movement model used in the risk model.  Preliminary 
comparisons with existing data indicated that the model can predict the conditions in the 
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stairshaft, however the data used were not very detailed and a number of assumptions 
were made.  More instruments will be used in the new tests so the data will provide a 
good benchmark for comparison with the model predictions.   

 
2.5.2 Risk model  
 
 Work for the development of the risk model is expected to progress at a faster rate 
once students complete their course work and focus more on their projects.  With the 
number of students enrolled in the program, work should progress in many areas of the 
research program. 
 
 
2.5.2.1 Design fires and fire growth modelling. 
 

Work for the definition and characterization of design fires is now at the state of 
analyzing survey data.  Following the analysis, a number of full-scale tests will be 
conducted at NRC to obtain data such as heat release rates, and production of toxic 
gases.  These data will then be used to develop a fire growth model that will be 
incorporated in the system model.  It is also planned to continue with surveys of more 
buildings to ensure that the results of this survey will be statistically significant.   

 
Discussions are under way with NRC to coordinate this work with their efforts to 

develop design fires for residential buildings, an NRC project initiated recently to assist the 
development of the National Building Code.  A meeting is planned early in 2003 to discuss 
this project.  Our involvement in the NRC project will ensure that the design fires for 
commercial buildings resulting from our work will be compatible with their work on design 
fires for residential buildings.  This will make it easier for later possible adoption of our 
work by the National Building Code of Canada.   
 
 Following the experimental work, focus will be given to the modeling of the design 
fires for incorporation into the smoke movement submodel of the risk model.   
 
2.5.2.2 Other tasks 
 

Work on the other main tasks is expected to progress well in the next year as 
students complete their course work and focus on their projects.  Students have been 
identified for most of the tasks.   
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3. RESEARCH TEAM 
 
3.1 Introduction 
 
 The formation of the Chair’s research team  has been a challenging one and 
although at the present time a solid research team is in place the road to here was not 
without problems.  As discussed later, two of the first students registered in the program 
have decided to withdraw.     
 
 At the moment, the research team comprises a Post-Doctoral fellow, two full-time 
students at the PhD level, three full-time students at the Masters level and four part-time 
students at the Masters level.  The number of full-time and part-time students registered in 
the program is beyond the anticipated numbers stated in the proposal.  The University’s 
start-up grant and the initial delay in getting students into the program resulted in having 
additional funding to make it possible to accept more students.   
 
3.2 Evolution of research team 
 
3.2.1 Post-doctoral fellow 
 
 One of the first members to join the team was Dr. Zhuman Fu, who has a Ph.D. 
Degree from the University of Science and Technology of China in the area of Fire Safety 
Engineering.  Dr. Fu’s tasks include the development of the system model for risk analysis 
as well the integration of the various submodels into the system model and the 
development of graphical user interfaces.  In addition Dr. Fu is revising his smoke 
movement model so it can be integrated in the system model.   
 
3.2.2 Full-time students 
 
a) Mr. Hamdy Mahfouz 
 
  One of the first students admitted in the program was Mr. Hamdy Mahfouz, who 
was admitted in the Ph.D. program and started work in April 2001.  Mr. Mahfouz had 
received his B.Sc. degree in Mechanical Engineering from Helwan University of Egypt in 
1981 and his M.Sc. degree from the University of Technology of Malaysia in 1999.   For 
his M.Sc. thesis Mr. Mahfouz has studied the fire resistance of different wood column 
configurations using a finite element formulation.   The plan was for Mr. Mahfouz to 
concentrate on the development of design fires for commercial buildings, and study the 
impact of construction materials on fire growth and smoke movement.  He was also 
expected to perform experiments for input data and validation of the computer models.   
 
 For personal reasons Mr. Mahfouz decided to withdraw from the program in 
September of 2001.   
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b) Ms Ineke Van Zeeland 
 
 The second student admitted in the program was Ms Van Zeeland.  Ms Van 
Zeeland has B.Sc. and Masters degrees in Civil Engineering from Carleton University.  
She has expertise in principles and theory applicable to structural engineering design and 
analysis methods, knowledge of issues, problems and innovations related to fire, specific 
to the wood industry.  She also has experience in mathematical and computer modelling, 
and knowledge of statistical analysis methods.  In addition she has extensive experience 
in a number of computer programming languages.   
 

For her Ph.D. work Ms Van Zeeland was to work in the area of human response to 
fires, to conduct surveys to determine occupant characteristics in commercial buildings, 
develop an occupant response model, incorporate the occupant response model into an 
existing evacuation model and develop a hazard analysis model.   
 
 Following the completion of the first two terms in the program, Ms Van Zeeland 
was offered a job with the Canadian Wood Council, which she accepted.   As a result, she 
decided to switch from full-time to part-time and has taken courses in the fall of 2002.  
Following the completion of the term, Ms Van Zeeland decided to withdraw from the 
program for personal reasons.   
 
c) Ehab Zalok, Ph.D. Candidate 
 
 Mr. Zalok has a Master’s degree in Structural Engineering from the University of 
Cairo and a B.Sc. degree in Civil Engineering from the Military Technical College, Cairo, 
Egypt.   He has extensive experience in laboratory research work with different reinforced 
concrete tests, dealing with fibers, epoxies, and additives and in different design 
procedures based on hand calculations such as the slope-deflection method, moment-
distribution method, ultimate load theory, matrix displacement method and plastic design.  
He has also experience in the analysis and design of steel and reinforced concrete 
structures for static and dynamic loading using BASIC and FORTRAN languages, using 
SAP90 program for analysis and AutoCAD12 for drawings, as well as plastic design of 
multistory braced frames with implementation of computer application.   
 
 For his Ph.D. thesis Ehab is focusing on the characterization of design fires for 
commercial buildings and the development of fire growth models to predict the design 
fires.   Mr. Zalok has completed his coursework, and has written and passed his 
comprehensive examination.   

 
d) Steve Craft, Ph.D. Candidate   
 
 Mr. Steve Craft, an NSERC student, has a B.Sc. in Forest Engineering from the 
University of New Brunswick.  Steve was admitted in the Masters program in September 
2001, however, in September 2002, has transferred to the PhD program.   
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 Steve has taken five courses towards his degree:  People in Fires, Fire 
Resistance, Fire Dynamics I, and Fundamentals of Fire Protection Engineering and Fire 
Modelling.  His  GPA for the year is 11.5 out of Carleton’s 12 point system.   

 
Steve has written and passed three comprehensive examinations in August, 2002 

which were required for entry into the PhD program.  These were in the subjects of 
thermo-fluids, heat transfer, and fire dynamics.  Steve has performed extensive literature 
review on previous work completed in the area of structural response of wood building 
elements to fires.  He has also been studying the C++ programming language as he will 
use it in his research project. 

 
The topic of Steve’s thesis is the modelling the response of wood-frame floors 

when subjected to fire exposure.   
 

e) New Students 
 
 Three new full-time students were accepted in the Masters program in September 
2002.  These are Chandra Juneja, Derek Gruchy and Dominic Esposito.  Past experience 
has shown that students, because of the lack of knowledge in the area, cannot be 
expected to know the type of projects they would like to undertake, and even if projects 
are chosen they do not have time to put major effort towards their projects.  For this 
reason it was decided to let them go through the first term and get familiar with the basics 
of Fire Safety Engineering through their courses prior to selecting projects.   At the end of 
the term the following projects have been chosen by the students.   
 
Derek Gruchy will focus on occupant response and evacuation.  During the summer of 
2002 Derek has developed, following the principles used by the NRC risk models 
FIERAsystem and FiRECAMTM a model for calculating the probability of occupant 
response based on the warnings received by the occupants.  Derek will work in verifying 
the data used in this model and incorporate this into an existing evacuation model.   
 
Dominic Esposito’s project will be the development of a Monte Carlo Simulation model 
that can be used in conjunction with the other sub models to perform Monte Carlo 
Simulations.   
 
Chandra Juneja will work in the area of active fire protection system reliability and 
effectiveness.   
 
3.2.3 Part-time students 
 

At the moment there are four part-time students registered in the program all at the 
Masters level.  Projects for these students have not been decided yet, however it is 
anticipated that some of the projects that will be undertaken by these students will be 
beneficial to the Chair’s research program.   
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3.3 Future Expectations 
 
 The interest so far in the academic program is very encouraging.  It is anticipated 
that more students will be admitted in the program in the coming years.  New projects 
funded by PWGSC, NRC and others will enable us to offer research assistantships to the 
new students.   
 

Initially the plan was to have a new post-doctoral fellow after the first two years, 
however, due to the lack of people with Ph.D.s in the field and to maintain some continuity 
in the research activities, it is anticipated that Dr. Fu will remain involved in the program 
for at least one more year.   

 
It is also expected that in the near future a new professor with interest in the area 

of fire safety engineering will be hired by the University.  If this happens, the potential for 
more funding and more students in the program will increase.  I believe that it is quite 
reasonable to expect that we will have close to 10 full-time students by 2005.    
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4. RESEARCH FACILITIES 
 
4.1 Introduction 
 

This Section describes the accommodation of the Chair and his research team in 
the Department of Civil and Environmental Engineering, as well progress made in creating 
necessary fire research facilities for the program.   
 
4.2 Accommodation of research team 
 
 The University has provided space for the Post-Doctoral fellow and Mr. Ehab.  
Steve Craft has been offered office space at Forintek, which is a perfect arrangement as 
Dr. Mehaffey of Forintek is his co-supervisor.  In addition, he has direct access to 
Forintek’s library and other resources.  Due to the late acceptance of the three new 
students, and because currently they are focusing on their coursework they do not have 
office space at the university.  It is anticipated that in the near future the department would 
allocate appropriate space for those team members as well.   All students have access to 
the department’s computer facilities and other resources.   
 
4.3 Campus laboratory  
 

Space for fire safety laboratory equipment has been allocated in the Civil 
Engineering Laboratory.  This space is adjacent to the area where Forintek’s cone 
calorimeter is located.  Because of the new addition to the building, the ventilation system 
serving this area requires upgrading.  It is expected that this upgrade will be completed in 
the near future and the cone calorimeter will be used to perform experiments for the Civil 
Engineering undergraduate course “Civil Engineering Materials, which will be taught by 
the Chair this winter term.   
 

Forintek has donated equipment to Carleton University including a smoke 
chamber, a small-scale furnace and a medium-scale furnace.  Most of this equipment will 
be installed in the lab space on campus.  The medium-scale furnace will be moved to the 
new research facility when ready.   
 

A number of new laboratory apparatuses, are included in the CFI proposal 
discussed below, which will be installed on campus.   These are a cone calorimeter, a 
smoke chamber ,a LIFT apparatus and infrared cameras.  With these apparatuses, the 
Fire Safety Engineering Laboratory will be as equipped as any modern fire research 
laboratory and it will provide students the opportunity to become familiar and use these 
modern equipments.    
 
4.4 New full-scale fire research facility 

 
Recognizing the importance of medium and large-scale fire research facilities in 

the success of a Fire Safety Engineering program, in May 2001 the Chair prepared and 
submitted a proposal to the Canadian Foundation for Innovation (CFI) and to the Ontario 
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Innovation Trust requesting funding to build a new full-scale fire research facility.  The 
total value of the proposal was $10 million.  CFI has approved this proposal and will 
contribute close to $4.0 million.   The Ontario Innovation Trust has also approved a 
contribution of $4 million.  Other major contributing partners include the National Research 
Council, the Ottawa Fire Services and the Toronto Transit Commission.     
 

The facility will be used to conduct research to identify and improve fire safety 
levels in residential and commercial buildings, as well as transportation facilities, such as 
tunnels and underground stations.  Full-scale fire tests that represent realistic design fires 
and fire scenarios in these buildings will be conducted to determine their impact on life 
safety, building structure, contents and the environment.  The experimental data obtained 
from these tests will be used to develop new and validate existing computer models to 
evaluate fire safety levels in buildings.   
 

This facility will be of great value to the research program of the Chair and it will 
provide unique research opportunities to graduate students at Carleton specializing in Fire 
Safety Engineering.  The facility, which will be constructed on the grounds of the National 
Research Council at the fire test complex in Almonte, Ontario, will complement existing 
full-scale facilities at NRC and it will become a unique world class test site that will provide 
unparallel capabilities for fire and explosion research and be marketable to Canadian and 
International clients.  
 

The facility will be designed and constructed to accommodate research projects 
dealing with building and tunnel fire safety, as well projects for subway stations and 
underground parking/storage spaces.  It will also provide opportunities for studies on 
environmental damage due to run-off water from firefighting and toxic gas production; in 
addition research in these two areas will also address issues related to the health and 
safety of firefighters.  The facility will be used to provide experimental data for the 
development of computer models, as well as for the validation of both new and existing 
models.   
 
 
4.5 Future plans 
 

The main activity of the Chair in this area is to design and participate in the 
construction management of the new facility and to organize the on campus fire 
laboratory.  

 
It is expected that early in 2003 the new equipment will be ordered, and that 

delivery and installation will take place in the summer of 2003.  By that time the ventilation 
system should be operational, hence small-scale testing can start right away.     

 
Work is under way to finalize agreements with the partners of the CFI project and 

to discuss details of projects of interest to the partners.  The design of the facility will begin 
following the completion of these agreements.  It is expected that construction of the 
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facility will commence in the summer of 2003 with completion expected in the summer of 
2004.   
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5 TRAINING OF GRADUATE STUDENTS AND PERSONNEL 
 
5.1 Introduction 
 

Training of highly qualified people is one of the main objectives of the Chair’s 
program.  The proposal has identified two means of delivering this training: through 
uundergraduate and graduate level courses and through workshops for practising 
engineers.  
 
5.2 Graduate courses in Fire Safety Engineering 
 

Selecting core courses for the Fire Safety Engineering program was one of the first 
activities of the Chair.  For this, a Graduate Program Committee has been established 
with members from Forintek, NRC and Carleton University and chaired by the Chair.  The 
committee has made an extensive review of courses offered at International Institutions 
with programs in fire safety.  Following this review, it was decided that a minimum of six 
core courses are required to establish a graduate program.  The six courses selected are: 
Fundamentals of Fire Protection Engineering, Fire Dynamics I, Fire Dynamics II, Fire 
Modelling, Fire Resistance and People in Fires.  The Calendar descriptions of these 
courses are included in Appendix A.   

 
The next task of the committee was to identify instructors who can develop and 

teach these courses.  Thanks to the willingness of Forintek and NRC to participate in the 
development and delivery of courses, three instructors have been found; Dr. Jim Mehaffey 
of Forintek, Dr Guylène Proulx of NRC and Dr. Noureddine Bénichou of NRC.  Table 2 
shows the six courses, the instructors who developed them and taught them as well 
whether the courses have been offered through distance learning.   

 
Development of these courses was a major undertaking by all involved because 

for most of these courses there are no textbooks.  Material for the development of the 
courses came from research publications, Engineering Handbooks and other sources.  
Courses that were offered through the distance learning required extra effort to make 
them suitable for such delivery.   

 
Enrolment in the courses is very encouraging.  For example the course 

Fundamentals of Fire Protection Engineering had 12 students in the classroom and 11 
remote students from Halifax to Vancouver.  Comments received by the students who 
took these courses both in the classroom and through distance learning are very positive.  
A number of these students took courses as special students and then decided to enroll in 
the graduate school as part-time graduate students.     

 
Students enrolled in the program are registered as students of Civil Engineering 

and they will receive degrees in Civil Engineering.  At the moment the terms “Program” or 
even “Area of Specialization in Fire Safety Engineering” cannot be used because officially 
such a program or area does not exist.  This of course has caused a number of problems, 
such as our ability to advertise for students and the ability to make any exceptions in 
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requirements for enrolment of non-civil engineering graduates into the program.  Plans to 
resolve these issues are discussed later in this report.   

 
Table 2.  Fire Safety Engineering Courses and Instructors 
 

Course 
number 

Course description Instructor Terms 
Offered 

Distance 
learning 

CIVE 5077 Fundamentals of Fire 
Protection Engineering 

George Hadjisophocleous 
Carleton University 

F 2001 
F 2003 

Yes 

CIVE 5075 Fire Dynamics I Dr. Jim Mehaffey 
Forintek 

F 2001 
F 2002 

Yes 
Yes (only) 

CIVE 5083 Fire Dynamics II Dr. Jim Mehaffey 
Forintek 

W 2003 Yes 

CIVE 5079 Fire Resistance Dr. Noureddine Benichou 
NRC 

W 2002 
W 2003 

No 
No 

CIVE 5082 Fire Modelling George Hadjisophocleous 
Carleton University 

F 2002 No 

CIVE 5078 People and Fires Dr. Guylène Proulx 
NRC  

W 2002 
F 2002 

No 
Yes 

 
 
5.3 Fire Safety Workshop 
 

The other form of delivering training of highly qualified people identified in the 
proposal is through workshops aimed at practising engineers.   The Chair initiated efforts 
to develop and offer a three-day workshop in Fire Safety Engineering.  The program of the 
workshop and other details are included in Appendix C.  The instructors who will 
participate in the workshop are the Chair, Dr. Jim Mehaffey, Dr. Guylène Proulx, Dr. 
Noureddine Bénichou, Prof. Beth Weckman from the University of Waterloo and Dr. Russ 
Thomas, Director of the NRC’s Fire Risk Management Program.  The workshop will be 
offered in Ottawa in May 2003 with a possibility to offer it in the Toronto/Waterloo area at 
a later date.   

 
Efforts are now under way to finalize the program, deal with administrative issues 

and market the workshop.   
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5.4 Future directions 
 

From the foregoing discussion it is obvious that the experience so far in 
establishing a graduate program in Fire Safety Engineering at Carleton University is very 
positive.   The number of courses being offered and the number of students enrolled in the 
program and courses are far beyond the initially anticipated figures.  There are, however, 
a number of issues that need to be addressed in the near future to ensure that the 
program will become successful.  The main issues are: ability to attract graduate students 
from other disciplines and the formalization of fire safety engineering as an area of 
specialization.   
 

The issue of attracting students from other engineering disciplines was recognized 
from the very beginning.  This issue was of particular concern as most practising fire 
protection engineers have Mechanical Engineering undergraduate degrees and the Chair 
has been established in the Department of Civil and Environmental Engineering.  This is 
quite a serious issue and so far a number of students chose not to enrol in the program 
because of having to switch disciplines.  Some students who have decided to enrol in the 
program from other disciplines were required to take additional Civil Engineering 
undergraduate courses due to the requirements of the Ottawa Carleton Institute of Civil 
Engineering.  Changing these requirements for students interested in fire safety 
engineering cannot be done easily as fire safety engineering is not a recognised area of 
specialization and it cannot be explicitly cited in the calendar.   
 

The second issue is the formalization of fire safety engineering as an area of 
specialization.  Resolving this issue may address the previous concerns.  At the moment, 
although six courses are being offered in the area, we cannot advertise and market openly 
fire safety engineering as an area of specialization.  The students enrolled in the program 
will have no formal recognition that they are specializing in this area.   
 

Creating an area of specialization requires formal accreditation from the Ontario 
Council of Graduate Schools (OCGS).  As per discussions with the Dean of Graduate 
Studies at Carleton University there are two options available through OCGS.  The first 
option is to create a free standing program in Fire Safety Engineering and the second is to 
create a collaborative program in Fire Safety Engineering.  These two options are 
described below. 
 
 
Option 1.  Fire Safety Engineering, a specialization area in the Department of Civil and 
Environmental Engineering.   
 
 To get OCGS approval for this option we need to have a minimum of 3 full-time 
faculty members in the department associated with the program; teaching courses and 
supervising students.  In addition, the review process for this is quite rigorous.  It may take 
years before we can succeed following this option.   
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Option 2.  Fire Safety Engineering as a Collaborative Program.   
 
 This option allows us to quickly establish Fire Safety Engineering as an area of 
specialization.  Carleton University has already a collaborative program in Chemical and 
Environmental Toxicology.   
 

The collaborative program, involves two or more existing OCGS approved 
programs, in our case these could be Civil and Environmental Engineering and 
Mechanical and Aerospace (OCICE and OCIME).  With a collaborative program, students 
can stay in their respective departments, take the necessary courses for the 
specialization, do their thesis in the area, and get their degree from their department with 
specialization in Fire Safety Engineering written on their degree; e.g. M.A.Sc. in Civil 
Engineering with specialization in Fire Safety Engineering or M.A.Sc. in Mechanical 
Engineering with specialization in Fire Safety Engineering.  The review process by OGSC 
for a Collaborative Program is not as involved as for Option 1 as they do not use 
consultants to review the application.   
 

The issue was brought to the Department Committee and following discussion, the 
committee voted to pursue the option to create a Collaborative Program in Fire Safety 
Engineering with the Department of Mechanical and Aerospace Engineering.   
 

The issue has already been discussed with the Chair of the Department of 
Mechanical and Aerospace Engineering and he will bring it to the committee of his 
Department for approval.  If approved, a proposal will be prepared for submission to the 
Graduate Studies Board of Carleton University and from there to OCGS.  If all the 
approvals are obtained, it is possible to have the program in place within six months, just 
in time to allow us to advertise for the 2003-2004 academic year.   
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6 INTERACTIONS  
 
6.1 Introduction 
 
 One of the goals of the Chair was to establish Carleton University as a hub of a 
network of Universities and organizations with interest in fire safety.  Efforts towards this 
goal have resulted in establishing collaborations with NRC, PWGSC, the Ottawa Fire 
Services, the Toronto Transit Commission and others.  Many of these activities have 
resulted in securing contributions to Carleton University’s activities, such as the proposal 
to CFI, as well in obtaining funding for student projects.   
 
6.2 Interactions with Canadian Wood Industry 
 

During the last two years the Chair had many interactions with Scientists of 
Forintek.  Some of main activities include the following: 

 
Dr. Mehaffey of Forintek was part of the Course selection committee.  This 

committee has met many times during the first year to review courses offered at 
Universities that have programs in the area and to select the courses of our academic 
program.  As Dr. Mehaffey was in charge of the UBC program, his experience from that 
undertaking was invaluable to the committee.   

 
The Chair had many meetings with Forintek Scientists to identify projects for 

graduate students and to discuss progress of projects, which are performed by graduate 
students.  Some of these projects are the following: a) statistical analysis to obtain data 
required by the risk model, b) investigate the impact of lining materials on fire 
development in compartments, c) design fires for fire safety designs and d) tools to predict 
the probability of failure of timber-frame walls and floors when exposed to fire.  Dr. 
Mehaffey is co-supervising the work of Steve Craft, a PhD candidate, whose project deals 
with the development of a computer model to predict the response of timber frame floors 
to fire exposure.   

 
The Chair participated in a meeting with Forintek scientists and scientists of the 

US Forest Products Laboratory, Madison, Wisconsin.  This meeting was quite useful as it 
provided an opportunity to visit the facilities of the US Forest Laboratories and to discuss 
projects underway.  There are some areas of common interest, which are been pursued.  
For example, part of the work of PhD Candidate Ehab Zalok deals with design fires, which 
is an area of interest to the US Forest Products Laboratory.   

 
The Chair gave a presentation on his activities at Forintek’s board of governors 

meeting in Toronto.  As the members of the board are from wood industries, the meeting 
provided opportunities to discuss current fire related issues with them and to bring them 
up to date with the activities and initiatives of the Chair.  
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6.3 National Research Council Canada 
 

The Chair has maintained a very close relationship with the National Research 
Council.  He has been a visiting scientist at NRC over the last two years, an arrangement 
that allowed the Chair to interact with NRC researchers and to discuss fire safety issues 
and potential areas for collaboration.  Some examples that show the benefit of this 
relationship are the following: 

 
• CFI proposal.  The successful CFI proposal that the Chair developed in collaboration 

with NRC indicates strongly the great potential benefits that Carleton University and 
NRC can realize by working together.  This proposal secured funding for the 
construction of a full-scale fire research facility on NRC grounds adjacent to the 
existing Fire Research facilities of NRC.  Details of this 10 million dollar project are 
given in Section 7.   As part of the CFI project, an MOU is being developed that will 
facilitate future collaboration between Carleton University and NRC.   

• ASHRAE contract.  The Chair participated in the development of a proposal to 
ASHRAE for a project dealing with balcony spill fire plumes.  NRC’s bid was 
successful and work is about to begin on this project.  As a result NRC will fund a 
student to assist in this project.   

• Two of NRC researchers are actively involved in the development and teaching of 
courses at Carleton University.  The course “People and Fires” has been developed 
and is offered by Dr. Proulx, and the course on “Fire Resistance” has been developed 
and taught by Dr. Bénichou.   

• The above NRC researchers and Dr Thomas, the director of the Fire Risk 
Management Program, will also participate in the planned Fire Safety Workshop. 

• Specific project agreements are being developed that cover the work of Carleton 
University students working at NRC for their projects.  One of these agreements deals 
with the experimental work of the Chair’s Research program.  Once finalized, tests will 
be conducted to assist the identification and description of design fires for commercial 
buildings.   

• The Chair collaborated with Dr. Lougheed to perform validation runs of the smoke 
movement model that will be used in the risk model.  Two co-authored papers have 
been written and published in ASHRAE transactions [2,3].  Experimental data of tests 
performed at NRC using the 10-storey tower and an atrium facility were used for this 
work.  More tests are planned to obtain additional data for validating the model.    

 
 

6.4 Chair interaction with other universities 
 

During the last two years, the Chair had many interactions with Prof. Beth 
Weckman of the University of Waterloo aiming at identifying areas of collaboration.  These 
interactions have resulted in having two of her students take our Fire Safety Engineering 
courses.  In addition Prof. Weckman is an instructor in the Fire Safety Workshop organised 
by the Chair.   

 
The Chair kept in contact with Prof. Torvi of the University of Saskatchewan and 
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worked with him on the development of guidelines for the replacement of protective 
clothing.  Dr. Torvi is offering one undergraduate course in the area and he is also 
pursuing research in fire safety.   

 
The Chair had discussions with Prof. Athienitis from Concordia University to seek 

possible ways to collaborate.  Concordia University offers an undergraduate course on 
Smoke Management and they are interested in finding ways to collaborate on projects and 
sharing resources.    
 
6.5 University colleagues 
 

Two Professors from the Department of Civil and Environmental Engineering were 
involved in the proposal to CFI for the establishment of a new fire research facility.  Prof. 
Parker who is interested in the environmental aspects of fires and Prof. Halim who is 
interested in the transportation related fire issues.  In addition The Chair is involved in a 
new CFI proposal for the development of a new explosions research facility in 
collaboration with the Canadian Explosives Laboratory.  
 
 The Chair collaborated with Prof. David Lau of the Department of Civil and 
Environmental Engineering to prepare an MOU with PWGSC in the areas of Fire Safety 
and Earthquake Engineering.  Prof. Lau is also interested in research in the area of fires 
following earthquakes. 
 
 The Chair held discussions with professors of Aerospace and Mechanical 
engineering to determine their interests in fire safety and identify graduate courses that 
will be useful to our students.  Professor Gauthier is interested in both modifying his 
course on combustion to include fire related topics and in participating in research 
projects.   
 
6.6 Ottawa Fire Services 
 

The Ottawa Fire Services are partners in the CFI project and interested in the 
research activities of the Chair.  Currently we are in the process of identifying their 
research needs so that they can be considered during the design of the facility.  These 
projects will form the basis of a long-term collaborative agreement between Carleton 
University and the Ottawa Fire Services.   

 
6.7 Toronto Transit Commission 
 

The Toronto Transit Commission (TTC) is also a partner in the CFI proposal and 
they are interested in evaluating the heat release rate of subway rail cars.  They will be 
donating three subway cars to Carleton University to be used for testing once the facility is 
operational.   
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6.8 Collaboration with PWGSC 
 
 A Memorandum of Understanding (MOU) has been signed between Carleton 
University and PWGSC in the areas of Fire Safety and Earthquake Engineering.  Under 
this MOU PWGSC will provide funding to Carleton University to support a student to 
develop a new module for the PWGSC Risk-Cost model FiRECAM.   
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7 TECHNOLOGY TRANSFER 
 
7.1 Introduction 
 

The Chair’s goals in this area were to stay active in the development of national 
and international codes and standards on fire safety, to maintain close links with the fire 
safety design community, and to transfer of technology through various media.   
 
7.2 Advisory group 
 

An advisory task group was formed to provide guidance and support for the Chair.  
This task group has members that represent Academia, the Wood Industry, Federal and 
Municipal Governments, Fire Protection Engineering consultants, Architects and the 
National Research Council.  The terms of reference of the Advisory Group and the list of 
members are shown in Appendix B.   

 
The Adisory Group had its first meeting in November of 2001.  At that meeting the 

research and academic objectives of the Chair were presented to the group.  In addition 
presentations were made by the Chair and the students on the details and directions of 
the research projects.   

 
The next meeting of the advisory group is expected to occur early in 2003.   

 
7.3 Presentations and publications 
 

In this area a number of presentations were made to various groups and a number of 
publications written. 

 
The following presentations were made: 
 

 Two presentations on the research program and academic program of the Chair 
were made to the local Chapter of the Society of Fire Protection Engineers.   

 A presentation was made to students of Carleton University’s Department of 
Architecture. 

 A presentation was made to the Department of Mathematics and Statistics of the 
Carleton University.   

 A presentation on the research program and the new research facility was made 
to the spring conference of Carleton University. 

 Two research presentations were made to ASHRAE on the work performed for 
the validation of the smoke movement model.   

 A presentation was made at a meeting of the Board of Governors of Forintek 
Research Corporation.   

 Two presentations were made to the Ottawa Fire Services outlining the research 
program of the Chair and the new facility.   

 An invitation was extended to the Chair to be a keynote speaker at a seminar 
organised by the Institution of Fire Engineers in Toronto, May 2002.   
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Although still early in the research program, a number of publications have been made 

in peer review publications.   
 

 Hadjisophocleous, G.V., Fu, Z., and Lougheed, G.D., Experimental Study And 
Zone Modeling Of Smoke Movement In A Model Atrium, ASHRAE Transactions 
2002, Honolulu, HI, June 22-26, 2002. 

 Hadjisophocleous, G.V., Fu, Z., and Lougheed, G.D., A Computational and 
Experimental Study of Smoke Flow in the Stair Shaft of a 10-Storey Tower Using 
CONTAMW and FIERAsmoke, ASHRAE Transactions 2002, V. 108, Pt.1. 

 Hadjisophocleous, G.V., Fu, Z., and Lougheed, G.D., A computational and 
experimental study of smoke movement in a 10-storey building using a two-zone 
model. Proceedings of Interflam 2001, the 9th International Conference on Fire 
Science and Engineering, Edinburgh, September 2001, p.1047. 

 Hadjisophocleous, G.V., Fu, Z., A Literature Review of Current Fire Risk 
assessment methodologies, Internal Report, Department of Civil and 
Environmental Engineering, Carleton University, July 2002. (Submitted to the 
International Journal of Engineering Performance-Based Fire Codes) 

 Hadjisophocleous, G.V. and Fu, Z., A fire risk computer model for commercial 
timber frame buildings. Abstract submitted to the International Conference on 
Building Fire Safety Conference to be held in Brisbane from 20-21 November 
2003. 

 
7.4 Other related activities 
 

 The Chair participated as a represenative of Professional Engineers Ontario in the 
Ontario Fire Marshals review of the Intents of the Requiremnents of the Ontario 
Building and Fire Codes. 

 The Chair was invited to be a member of an SFPE taskgroup that developed a 
document dealing with the review of engineered fire protection designs. 

 As Chairman of the ULC Task Group on protective clothing for firefighters, the 
Chair developed in collaboration with Dr. David Torvi from the University of 
Saskatchewan a set of guidelines for the replacement of protective clothing.  
These guidelines will be published by ULC as a document in the “Red Book 
Series” publications.   

 As a Member of ASHRAE Technical Committee TC 5.6 – Fire and Smoke Control, 
the Chair collaborated with NRC on the development of a research proposal on 
one of the projects initiated by this Technical Committee.  NRC was awarded the 
contract to perform the work and it will fund a student to assist in this project.    

 As a Member of ASHRAE Technical Committee TC 5.9 – Enclosed Vehicular 
Facilities, participated in preparation of a research project dealing with the 
characterization of the heat release rate of train cars.  This type of work can be 
performed in the new research facility of Carleton University.   
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8 SUMMARY 
 

This report described in detail the main activities of the Industrial Research Chair in 
Fire Safety Engineering at Carleton University.  The report described the status of the 
Chair’s Research Program, the Research Team and Facilities, as well as the efforts 
towards the training of highly qualified personnel and interactions of the Chair within 
Carleton University and with external organizations.   

 
Significant progress has been made in all areas and especially in the area of 

training of highly qualified people.  Six graduate courses have been selected to form the 
core courses that can be taken by students enrolled in the Masters and Ph.D. programs.  
Lecturers to develop and teach these courses have been identified in 2001 and starting in 
September of 2001  courses have been offered.  As a result, 5 full-time and 4 part-time 
students with interest in Fire Safety Engineering have been admitted.   

 
Research activities are progressing very well despite initial delays in finding 

students and the departure of two of the initially admitted students.  It is expected that in 
the new year progress will be made at a faster rate as students complete their coursework 
and focus on the research projects.   

 
A significant accomplishment of the Chair is the securing of funding through the 

Canadian Foundation for Innovation and the Ontario Innovation Trust, and contributions 
from NRC, the Ottawa Fire Services and the Toronto Transit Commission for the 
construction of a $ 10 million, new full-scale fire research facility and the purchase of 
laboratory equipment for the campus laboratory.   

 
It is expected that in the near future, Fire Safety Engineering will become an 

officially recognised area of specialization in the Department of Civil and Environmental 
Engineering.  This will allow us to market the program and attract excellent students.   
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APPENDIX A 
 
 

Department of Civil and Environmental Engineering 
 

Proposed calendar descriptions for the Fire Safety Engineering Courses 
 

The following are proposed calendar descriptions for the six courses in the area of 
Fire Safety Engineering submitted to the University for inclusion in the next Graduate 
Calendar.   
 
CIVE 5075 Fire Dynamics I 
 
Fire Dynamics I - Fundamentals of combustion including material and energy balances, 
chemical thermodynamics, kinetics, premixed and diffusive burning.  Advanced topics in the 
theory of combustion, flame propagation, efficiency of combustion as well as the physico-
chemical properties of combustible material. 
 
CIVE 5077 Fundamentals of Fire Protection Engineering 
 
Fundamentals of Fire Protection Engineering - This course provides an introduction to the 
fire safety system, including social, economic and environmental issues, as well as a 
description of the fire safety regulatory system and the governing building codes and 
standards.  It covers the global fire safety system in a facility as well as active fire 
protection systems; detection, suppression, smoke management.   
 
CIVE 5078 People in Fires 
 
People in Fires – The course will review work of the founders in the field of human 
behaviour in fire.  Students will be introduced to the basic notions of perception, cognition, 
information processing, decision-making and problem solving.  Behavioural concepts such 
as panic, commitment, affiliation, familiarity and role will be discussed.   
 
CIVE 5079 Design for Fire Resistance 
 
Design for fire resistance - Behaviour of materials and structures at elevated temperatures; 
fire-resistance tests; fire-resistance ratings; building code requirements; real-world fires; 
assessing the fire resistance of steel, concrete and wood building assemblies.   
 
CIVE 5082 Fire Modelling 
 
Fire Modelling - This course provides an introduction to fire modelling and its role in fire 
safety engineering.  It describes the main modelling techniques used in Fire Safety 
Engineering: network, zone and Computational Fluid Dynamics (CFD).   
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CIVE 5083 Fire Dynamics II 
 
Fire Dynamics II - Fire dynamics from ignition through heat transfer to growth and spread of 
fires and their suppression.  Factors such as containment and its role in the dynamics of 
fires and explosions are covered.  Prerequisite: Fire Dynamics I. 
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APPENDIX B 
 

Department of Civil and Environmental Engineering 
Industrial Research Chair in Fire Safety Engineering 

 
ADVISORY GROUP 

 
Terms of Reference 
 
Objective 
 
The objective of the Advisory Group is to provide guidance and support to the Industrial 
Research Chair at Carleton University.   
 
To achieve its objective the group will: 

• Review the progress report of the Chair and provide guidance and advice on 
future directions. 

• Identify new opportunities for future collaborations 
 

The Advisory Group will meet once a year for a half a day meeting.  The time of the 
meeting is anticipated to be late November.   
 
Membership 
 

The table below lists the members of the advisory group, who represent 
Academia, Wood industry, Federal and Municipal Governments, Fire Protection 
Engineering consultants, Architects and the National Research Council.   
 

Name Organization 

1. Prof. Juan Salinas Carleton University 
2. Simon Foo PWGSC 
3. Louis Poliquin Forintek 
4. Les Richardson Forintek 
5. Sylvain Ménard Chair of Forintek’s Building Systems 

Technical Advisory Committee 
6. Rod McPhee Canadian Wood Council, Chair 
7. Bill Love TEMBEC 
8. Dr. Gary Lougheed National Research Council 
9. Frank Bidin City of Ottawa 
10. Tom Dunfield Fire Protection Engineer 
11. Deborah Farrow Architect 
12. Beth Weckman University of Waterloo 
13. Jim Milkey University (Guest) 
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APPENDIX C 
 

DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING 
 

A SHORT COURSE  
 

INTRODUCTION TO FIRE SAFETY ENGINEERING 
 

May 14-16, 2003 
 

Room 5050 - Minto Building 
Carleton University 

1125 Colonel By Drive 
Ottawa, Ontario, K1S 5B6 

 
 
The Department of Civil and Environmental Engineering of Carleton University in 
collaboration with the National Research Council of Canada, Forintek Canada Corporation 
and the University of Waterloo is pleased to announce a 3-day short course on Fire Safety 
Engineering May 14-16, 2003. 
 
Who should attend? The course is intended for fire safety practitioners interested in 
gaining or reinforcing their knowledge of fire safety principles.   In particular, the course 
will be of great benefit to fire protection engineers, architects, building officials, code 
consultants, fire investigators, fire safety officers, building science practitioners, fire 
prevention officers and students in fire safety programs.  The participants are encouraged 
to bring their laptop computers.  The computer models CONTAMW and CFAST will be 
distributed on a CD, which will also include the necessary documentation on these 
models.   
 
Course description 
The course will cover topics on both regulatory and design aspects of fire protection.  It 
will provide a description of the regulatory systems and examples of design approaches in 
both the prescriptive and performance based code environments.  The course will cover 
the areas of fire initiation and development, movement of effluents, passive and active fire 
protection systems, and occupant response and evacuation.  The interaction and impact 
of fire departments on fire behaviour and their role in the fire safety system will also be 
presented.  In the last sessions two computer models commonly used by fire protection 
engineers, CONTAMW and CFAST, will be described and demonstrated.  Participants will 
also gain hands-on experience using these models.  
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Timetable 
 

Wednesday May 14, 2003 
 
 

Time Topic Instructor 

9:00 Welcome and Introductions  

9:30 Regulatory Environment 

The lecture will provide an understanding of the various approaches to 
building and fire regulations around the world.  The lecture will focus on the 
trend to adopt performance and objective based regulation and the impact 
that this is having on the fire engineering discipline.  Examples of different 
approaches to establishing performance requirements will be presented 
along with some of their associated costs and benefits.  This will set a 
framework for many of the specific lectures later in the course. 

Dr. Russ Thomas 

10:30 Break  

11:00 Fire Initiation and Development 

This lecture will provide an introduction to fire dynamics.  Fire involves exothermic 
chemical reactions between combustibles and the oxygen in air; but more than 
chemistry is involved.  A complete description of fire dynamics entails discussion of 
chemistry, heat transfer and fluid mechanics.  Simple models are presented for 
describing the chemical and physical processes associated with fire.  Fire dynamics 
from ignition through heat transfer to growth and spread of fires are considered.  The 
containment of fire within an enclosed space is demonstrated to have significant 
impact on the dynamics of fire.  This basic background provides a foundation for 
understanding fire growth and fire severity in buildings and for understanding how 
buildings and components of buildings react under fire conditions.  

Dr. Jim Mehaffey 

12:30 Lunch  

1:30 Movement of Effluents 

In this lecture, simple models will be presented to predict the rates of generation of 
effluents (soot, heat and toxic gases) from knowledge of the rate of burning of 
materials.  Basic models will also be presented that allow estimation of the drop in 
concentration of effluents when hot smoke is diluted by air as it moves away from the 
fire either upwards into a large space or horizontally through a door into a corridor.  
Models will also be presented to predict the reduction in visibility and/or 
incapacitation of occupants due to heat exhaustion or toxicity.    

Dr. Jim Mehaffey 

3:00 Break  
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3:30 Response of Materials to Fire 

It is necessary to quantify the response of building materials exposed to fire in order 
to undertake an engineering assessment as part of performance-based design or in 
order to reconstruct the events in an actual fire as part of a forensic investigation.  In 
this presentation the thermal, chemical and mechanical properties of common 
building materials at elevated temperatures are discussed.  The materials considered 
include combustibles (wood and various plastics) as well as non-combustible 
materials (steel, concrete, gypsum board, etc.)     

Dr. Jim Mehaffey 

5:00 Adjournment  

 

Thursday May 15, 2003 

Time Topic Instructor 

9:00 Fire Resistance 

Building assemblies are required to provide adequate fire resistance in order to 
maintain building integrity, to reduce fire spread from one fire compartment to 
another, to minimize structural collapse and to provide for the safe egress of building 
occupants.  The fire resistance can be determined by tests or by calculation methods, 
which have witnessed an increasing use in recent years.   

This lecture will provide the basic knowledge required to design buildings for fire 
resistance.   Time-temperature relationships for various fire scenarios will be described.  
Methods for the design of heavy and lightweight construction elements including steel, 
concrete and wood building assemblies to resist fire exposure will be presented.   

Dr. Noureddine 
Benichou 

10:30 Break  

11:00 Occupant Response and Evacuation  
 
This presentation will provide an introduction to human behaviour in fires.  Most 
common responses of occupants when facing a fire will be discussed.  The three 
essential elements to consider in evaluating building fire safety designs will be 
examined:  the occupant characteristics, the building characteristics and the potential 
fire characteristics.  Issues related to the timing of escape including the delay in 
response and people movement will be reviewed.   

Dr. Guylène 
Proulx 

12:30 Lunch  

1:30 Active fire Protection Systems  

This lecture will describe the various active fire protection systems installed in 
buildings.  It will cover fire detection, fire suppression as well as systems for smoke 
control and smoke management.  The lecture will describe the importance of active 
fire protection systems in fire safety designs and provide a description of how to 
design these systems.    

Prof. George 
Hadjisophocleous 
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3:00 Break  

3:30 Fire Behaviour and the Fire Service 

This lecture will provide an understanding and perspective on the structural fire 
environment and many of the interactions between structural fires and fire fighting 
techniques.  The objectives, results and main conclusions from several collaborative 
university-fire-service research exercises will be discussed.  The data, analysis and 
subsequent interpretation of the findings will be used to enhance overall 
understanding of fire behaviour, in the context of fire development, fire fighting and 
fire modelling methods.  

Prof. Beth 
Weckman 

5:00 Adjournment  

 
Friday May 16, 2003 
 

Time Topic Instructor 

8:30 Computer Set-Up 

This time is allocated for those who wish to set-up the computer models CFAST and 
CONTAMW in their laptops to enable them to perform the hands-on exercises.   

 

9:00 Fire Modelling 

This lecture will describe the various techniques used for fire modelling, such as 
network models, two-zone models, and field or CFD models.  The basic theory 
behind these models will be presented, which will foster appreciation of the strengths 
and limitations of these techniques.   

Prof. George 
Hadjisophocleous 

10:30 Break  

11:00 Risk Modelling 

In this lecture, the concept of fire risk-cost assessment modeling is described.  Risk 
modeling may be used to support the introduction of performance-based codes.  Risk 
assessment models can be used to assist designers predict fire and smoke spread in 
a building, as well as the expected risk to life of the occupants.  These risk 
assessment models combine the interaction of fire growth, smoke spread, occupant 
response and evacuation, and fire department response.  As an example, 
FiRECAM™, a risk model developed at NRC, is used to show how the fire safety 
performance of various design options of a building can be assessed. 

 

Dr. Noureddine 
Benichou 

12:30 Lunch  
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1:30 CONTAMW Demo 

In this lecture the computer model CONTAMW will be demonstrated and applied to a 
stairshaft pressurization problem.   

Prof. George 
Hadjisophocleous 

2:15 CFAST Demo 

In this lecture the computer model CFAST will be demonstrated and applied to the 
recreation of compartment fires.   

Prof. Beth 
Weckman 

3:00 Break  

3:30 FiRECAM Demo 

The risk model FiRECAM will be demonstrated and applied to the selection of cost-
effective fire safety designs for a multi-story apartment building.   

Dr. Noureddine 
Benichou 

4:30 Adjournment  
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The Instructors 
 
Noureddine Bénichou, Ph.D., National Research Council  
 
Dr. Noureddine Bénichou is a Research Officer at Fire Risk Management Program, National Research 
Council of Canada and the Group Leader for the sub-program developing fire safety models to evaluate fire 
risk inside buildings.  He is a key member on the development of the risk cost assessment model FiRECAM 
for apartment and residential buildings and he is now leading the development a fire safety evaluation model 
for light industrial buildings called FIERAsystem.  His research areas include fire resistance modelling, fire risk 
analysis and the development of computer models for cost-effective fire safety designs.  Before joining the 
Fire Risk Management Program, he worked as a contractor developing design guidelines for use in 
performance-based building codes, and conducting studies on the trade-offs of fire department response time 
versus sprinkler protection.  During his graduate studies, Dr. Bénichou carried out finite element and 
experimental analysis to study the buckling behaviour of webs of rolled steel shapes and developed rational 
expressions to predict the ultimate load-carrying capacity of webs of these shapes.  He holds an M.A.Sc. from 
the University of Ottawa and a Ph.D. from Carleton University, all in Civil Engineering, and is the author of 
over 50 publications. 
 
George Hadjisophocleous, Ph.D., P.Eng.  Carleton University 
 
Dr. George Hadjisophocleous is a Professor at Carleton University and holder of the Industrial Research Chair 
in Fire Safety Engineering.  Prior to this appointment he was a Senior Research Officer and Group Leader at 
the Fire Risk Management Program of the National Research Council of Canada.  He holds a Ph.D. degree in 
Mechanical Engineering from the University of New Brunswick and he is the author of over 150 publications in 
the areas of fire research, fire risk assessment, performance-based codes and CFD modelling.  His research 
areas include fire risk analysis and fire and smoke movement modelling using CFD and zone models.  Dr. 
Hadjisophocleous is a member of SFPE, NFPA, IAFSS, ASHRAE, CIB W14 and a Registered Professional 
Engineer in the province of Ontario.   
 
Jim Mehaffey, Ph.D., Forintek Canada Corporation 
 
From 1980 to 1987, Dr. Jim Mehaffey was a research scientist at the National Fire Laboratory of the National 
Research Council Canada where he developed models to describe the growth and severity of building fires.  
Since 1988, he has been a Senior Research Scientist with Forintek Canada Corp. where he is modelling the 
performance of wood-frame assemblies exposed to fire.   From 1993 to 1997, he was seconded by Forintek to 
the University of British Columbia where he was Director and Associate Professor in UBC’s Fire Protection 
Engineering Program.  He is currently an Adjunct Professor and Sessional Lecturer in the Department of Civil 
and Environmental Engineering at Carleton University.  He holds a Ph.D. degree in Physics from the 
University of Toronto and is the author of over 80 scientific publications.  Dr. Mehaffey is a Member of SFPE 
and IAFSS, and is active in several codes & standards committees including ISO/TC92/SC4. 
 
Guylène Proulx, Ph.D., National Research Council  
 
Dr. Guylène Proulx is a Senior Researcher in the Fire Risk Management Program of the National Research 
Council of Canada since 1992.  She holds a Ph.D. in Architectural Planning from the University of Montreal 
specializing in environmental psychology.  She focuses her research on investigating human response to 
alarms, evacuation movement, typical actions taken, timing of escape, and social interaction during a fire.  
She has been selected on the NIST Expert Team into the World Trade Center Investigation to lead the 
research on the occupant response and evacuation on September 11, 2001.  Dr. Proulx is a member of; the 
National Fire Protection Association (NFPA), the Human Factors and Ergonomics Society (HFES) and the 
International Association for Fire Safety Science (IAFSS).  She is also a member of the Society of Fire 
Protection Engineers (SFPE) and the President of the National Capital Region Chapter of the SFPE. 
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Russell Thomas, Ph.D. National Research Council 
 
Dr. Thomas is the Director of the Fire Risk Management Laboratory of the National Research Council.  This 
lab provides the research that, amongst other things, provides support for the National Building and Fire 
Codes as well as research supporting industry and the fire services.  Prior to taking up this post, Russ led the 
transition to Canada’s new Objective Based Codes at NRC’s Canadian Codes Center.  His previous roles 
include heading NRC’s Advanced Construction Technology Laboratory, which used to be based in Calgary, 
where he carried out research in the area of IT in the construction industry.   Prior to joining NRC in October 
1989 Russ was, for the preceding 10 years, at the University of Warwick in the UK where he carried out 
teaching and research in the area of applications of Artificial Intelligence. 
 
Prof. Beth Weckman, Ph.D., P.Eng., University of Waterloo 
 
Dr. Beth Weckman obtained her BASc, MASc and PhD in Mechanical Engineering at the University of 
Waterloo (UW), and is currently an Associate Professor of Mechanical Engineering at UW.  She has over 20 
years experience in research relating to combustion and flame diagnostics, as well as small- and large-scale 
fire behaviour in the laboratory and the field.  Beth has been involved in many collaborative research and 
training exercises with the fire service in areas such as fire growth and ventilation, gas explosions and water 
fog suppression techniques.  Her work has been published widely and she has presented at training seminars 
through organizations such as MFSDIA, FDIC and IAAI.  Currently, she is on the NSERC Committee on 
Research Grants, the editorial boards of several fire-related journals, and Chair of the Canadian Section of the 
Combustion Institute. 
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Course Registration Form 

 
Name:____________________________________________ 
Title:_____________________________________________ 
Organization:______________________________________ 
Address:__________________________________________ 
City:____________________________Province/State___________________ 
Postal code:_____________________________ 
Phone number:_(____)_______________Fax number: __(____)______________ 
 
Regular registration fee:  $364.50 + GST  $25.50 Total: $390.00  
Full-time student registration fee: $93.46 + GST $6.54 Total: $100.00 
 

Enclosed is a cheque for the registration fee
 

Please make cheques payable to Carleton University 
 

Charge the registration fee  to my credit card
 

MasterCard Visa  
Name shown on card:__________________________________________________ 

Card number:___________________________Card Expiry date:_______________ 

Signature:___________________________________ 

 

All registrations should be sent to the following address: 
 
Fire Safety Engineering Short Course 
Department of Civil and Environmental Engineering 
Room 3432 ME 
Carleton University 
1125 Colonel By Drive  
Ottawa, Ontario, K1S 5B6 
 
Fax number:  (613) 520-3951 
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