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Abstract 

The recently adopted objective-based version of the National Building Code of Canada (NBCC) offers the 
opportunity for the construction of buildings of wood or hybrid construction with areas and heights 
beyond those spelled out in the prescriptive (or acceptable) solutions within the NBCC.  This can be 
accomplished by developing an alternative solution in which one or more of the fire protection features in 
the building is upgraded beyond what is specified in the acceptable solutions.  In order to take full 
advantage of the introduction of objective-based codes, an NSERC Industrial Research Chair in Fire 

Safety Engineering was established at Carleton University in 2001 to address the need for design tools.  
The chair’s research was funded jointly by NSERC and FPInnovations.  By the end of the Chair’s first 
five-year term, which ended December 31, 2005, a prototype engineering tool called CUrisk had been 
developed.  The model calculates the expected-risk-to-life presented by fire and the fire-cost-expectation 
over the lifetime of a building.  It accounted for the probability of initiation of fire in a building, the 
subsequent performance of all the fire protection features in the building and the actions of occupants as 
they evacuate the building.  However it was still very much a prototype model with need for refinements 
before it could be deemed a design tool.   
 
This project was initiated in 2006 to mirror the second term of the NSERC Chair’s research program and 
thereby enable FPInnovations fire scientists to assist the Chair in carrying out his research.  The overall 
goals for the Chair’s research were to refine CUrisk in order to convert it from a research tool into a 
design tool, and to fine-tune it to be applicable to specific occupancies such as wood-frame hotels and 
motels, retail stores, open-plan office buildings, churches and warehouses.  Much progress has been made 
towards these goals in the first four years of his second term.  In fact, the revised version of CUrisk has 
been successfully employed by a Carleton University student to undertake a fire-safety assessment of a 
multi-use four-storey wood-frame building.  It is anticipated that, by the completion of his second term on 
December 31, 2010, CUrisk will be sufficiently mature for use by the Chair in the design of buildings.  
After more experience is gained with the tool, it will be circulated for use by the research community. 
 
This report also outlines how FPInnovations scientists have assisted the Chair in delivering the academic 
component of his Fire Safety Engineering Program.  This has included the delivery of graduate courses, 
supervision of graduate students and delivery of lectures in Short Courses designed for practicing 
engineers.  
 
From the outset it was recognised that much of the research proposed for the 2nd term of the NSERC 
Chair would be addressed by graduate students supervised by the Chair with assistance from 
FPInnovations fire scientists.  Until the end of 2009-2010, the actual activities of the students have been 
captured in the Final Report for project CFS No. 5 Support for Research Studies by Engineering Students 

(FPInnovations Project 20100303).  However, it has become evident that the students’ projects typically 
address deliverables in the Chair’s research program.  Consequently a decision has been taken to close 
this project in order to merge it with CFS No. 05 effective April 1, 2010.  This work will continue under 
the project name “Support for Fire Safety Design Tools and Research” in 2010/11.  
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1 Objectives 
Continue to collaborate with the NSERC Industrial Research Chair in Fire Safety Engineering at Carleton 
University during his second five-year term with the goal of fine-tuning the engineering tools developed 
in his the first five-year term to be applicable to specific occupancies; such as, hotels and motels, retail 
stores, open-plan office buildings, churches and warehouses. 
 
 

2 Introduction 
The prescriptive provisions (or acceptable solutions) in the National Building Code of Canada (NBCC) 
set limits on the area and height of buildings of wood or hybrid construction.  These limits vary 
depending on the occupancy of the building and what fire protection features are provided.  The recently 
adopted objective-based version of the NBCC offers the opportunity for the construction of buildings of 
wood or hybrid construction with areas and heights beyond those spelled out in the acceptable solutions.  
This can be accomplished by developing an alternative solution in which one or more of the fire 
protection features in the building is upgraded beyond what is specified in the acceptable solutions.  The 
alternative solution must ultimately be shown to deliver a level of fire safety equivalent to that of the 
acceptable solution it is replacing.  Fire modelling and performance-based techniques have the potential 
for use in demonstrating this equivalency.  In order to take full advantage of the introduction of objective-
based codes, it is necessary that the wood industry develop design tools to aid in the design and 
assessment of fire-safe buildings of wood construction.   
 
In 2001, an NSERC Industrial Research Chair in Fire Safety Engineering was established at Carleton 
University to address this need for design tools.  The Chair’s research was funded jointly by NSERC and 
FPInnovations (through its industrial members).  His research program was to be directed towards the 
development of a model for performing fire hazard and fire risk evaluations of wood-frame non-
residential buildings.  During the Chair’s first five-year term, which ended December 31, 2005, a 
prototype of a comprehensive system model called CUrisk was developed.   The model calculated the 
expected-risk-to-life presented by fire and the fire-cost-expectation over the lifetime of a building.  It 
accounted for the probability of initiation of fire in a building, the subsequent performance of all the fire 
protection features in the building and the actions of occupants as they evacuate the building.  However it 
was still very much a prototype model with need for refinements before it could be deemed a design tool.  
As a consequence, the Chair in consultation with Dr. Mehaffey prepared a proposal for submission to 
NSERC requesting funding for a second five-year term and NSERC approved the renewal of the Chair.     
 
This project was initiated in 2006 to mirror the second term of the NSERC Chair’s research program and 
thereby enable FPInnovations fire scientists to assist the Chair in carrying out his research program.  The 
general aim of the research was to fine-tune the engineering tool CUrisk developed in the first five-year 
term to be applicable to specific occupancies.  The overall objectives of the proposed research program 
were:   

• To develop design fires anticipated in wood-frame hotels and motels, retail stores, open-plan office 
buildings, churches and warehouses.   

• To complete the remaining sub-models and to integrate them in the risk model. 

• To carry out experiments for the validation of the fire growth model, the smoke movement model and 
the structural model.   

• To demonstrate the application of the fire risk model using real building case studies.   
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• To develop new sub-models and test data to extend application of the risk model to other types of 
buildings, such as buildings using heavy timber construction and hybrid buildings.   

• To develop a user-friendly interface for the fire risk model to facilitate data input and visualization of 
results.   

 
In addition, FPInnovations scientists were to assist the Chair in delivering the academic component of his 
Fire Safety Engineering Program.  This was to include delivery of graduate courses, supervision of 
graduate students and delivery of lectures in Short Courses designed for practicing engineers.  
 
From the outset it was recognised that much of the research proposed for the 2nd term of the NSERC 
Chair would be addressed by graduate students.  These students were to be supervised by the Chair (Prof. 
Hadjisophocleous) with assistance from FPInnovations fire scientists.  The actual activities of the students 
have been captured in the Final Report for project CFS No. 5 Support for Research Studies by 

Engineering Students (FPInnovations Project 20100303).  What is presented in this report is the overall 
progress made by the Chair and FPInnovations scientists in the first four years of the Chair’s second term. 
 
 

3 Background 
As mentioned in the Introduction, CUrisk is a computer model which can be used to calculate the 
expected-risk-to-life (ERL) presented by fire and the fire-cost-expectation (FCE) over the lifetime of a 
building.   Its intended role is to aid in the development of an alternative solution which permits the use of 
wood construction as a substitute to an acceptable solution prescribed by the NBCC which requires the 
use of non-combustible construction.  The objectives and functions that the acceptable solution is 
intended to address are clearly identified in the NBCC.  An alternative solution must address precisely the 
same objectives and functions.  Perhaps several potential alternative solutions could be considered in 
which one or more of the fire protection features in the building is upgraded beyond what is specified in 
the acceptable solutions.  For example, one potential alternative solution might entail upgrading the 
sprinkler protection, another reducing the travel distances to exits, or a third increasing the fire-resistance 
ratings of building assemblies.  CUrisk would then be run to establish the ERL for the acceptable solution 
employing non-combustible construction and to establish the ERL for each of the potential alternative 
solutions employing wood construction.  If the ERL of any of the potential alternative solutions was equal 
to or less than ERL of the acceptable solution, that potential alternative solution has been demonstrated to 
be an alternative solution.  If the ERL of more than one potential alternative solution is lower than that of 
the acceptable solution one could make a choice of which alternative solution to choose on economic 
grounds by comparing the FCE of these two alternatives. 
 
Before a detailed run can be made with CUrisk it is clearly necessary to identify the physical layout of the 
proposed building and all of the intended fire protection features that are to be provided.  Furthermore, 
one would have to agree upon the occupant load in the building and the characteristics of the occupants 
(for example, are any of them unable to evacuate on their own).   
 
CUrisk accounts for the probability of initiation of fire in a building, the subsequent performance of all 
the fire protection features in the building and the actions of occupants as they evacuate the building.  
Figure 1 provides a schematic of the model.   
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Figure 1 Schematic illustrating the structure of CUrisk.   
 
As Figure 1 suggests, the first step the user of CUrisk must take is to identify the potential fire scenarios 
in the building.  A fire scenario is a qualitative description of a unique combination of events and 
circumstances that influence the outcome of a fire in a building including the impact of fire safety 
measures.  It is obvious that the total number of fire scenarios that may occur in a building can be very 
large, hence it is not possible to analyse each scenario separately.  To reduce the number of scenarios to a 
manageable number it is necessary to follow a scenario selection process that considers the expected 
frequency of occurrence of each scenario and its expected consequences.  Those fire scenarios that are 
selected for analysis are referred to as design fire scenarios. 
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Following identification of design fire scenarios, it is necessary to introduce a quantitative representation 
of each design fire scenario.  This quantitative representation is referred to as the design fire.  Design fires 
input into CUrisk must specify the anticipated rates of release of heat, toxic gases and soot.    
 
The design fire together with the description of the building is then fed into a fire growth module in order 
to compute conditions (temperature, concentration of toxic gases, etc.) in the room of fire origin.  The 
module may make adjustments in the design fire heat release rate to account for the operation of 
sprinklers or the unavailability of oxygen due to poor ventilation of the room.   
 
Using the output of the fire growth module, a smoke movement module computes how smoke moves 
through the building.  In each space in the building, estimates are made of the concentration of toxic gases 
and soot in the smoke.  
 
Using the output of the fire growth module, a building element failure module computes the impact of the 
fire on structural members in the room and on the room boundaries.  If any of these fail, then fire and 
smoke would migrate to neighbouring rooms. 
 
Using the output of the fire growth module, a fire detection module computes the time to activation of the 
fire alarm system in the building.  
 
Using the output of the fire detection module, the occupant response module and occupant evacuation 

module predict at what time occupants begin to evacuate after hearing an alarm (there is often a 
significant delay here) and how long the evacuation process takes given that it may take place through 
smoke which is toxic and obscures vision.   
 
Ultimately an assessment is made as to whether there are any injuries or deaths and then the model cycles 
through the same procedure but with a different design fire scenario perhaps entailing fire in a different 
type of room. 
 
The expected-risk-to-life for a given design fire scenario is the product of the probability of occurrence of 
that scenario (on an annual basis) and the number of deaths observed in the simulation involving that 
scenario.  The expected-risk-to-life for the entire building (on an annual basis) is just the sum of the 
expected-risks-to-life of all of the design fire scenarios. 
 
 

4 Staff 
J.R. Mehaffey, Ph.D. Project Leader and Research Scientist, Fire Research 
S.T. Craft, Ph.D. Research Scientist, Fire Research 
L. Lu Research Scientist, Fire Research 
R. Desjardins, P.Eng., M.Sc.  Program Manager, Building Systems 
Caroline Mancuso Administrative Assistant, Building Systems 
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5 Project Plan 
The proposed work plan for this project as envisioned in April 2006 is presented in Table 1. 
 

Table 1 Project Plan and Milestones (April 2006) 
 

Deliverables Expected Delivery Date 

Develop user-friendly interface for the fire risk model   March 2007 

Complete the structural response sub-model and integrate it in the risk model March 2007 

Develop design fires for hotels, retail stores, open-plan office buildings, churches, 
warehouses 

March 2008 

Conduct experiments to validate fire growth, smoke movement and structural models March 2009 

Demonstrate the application of the fire risk model using real building case studies March 2010 

Modify risk model to address buildings of heavy timber construction and hybrid buildings March 2011 

 
By April 2007, the first two deliverables (user-friendly interface and integrating the structural model into 
the risk model) had been accomplished as indicated in Table 2. 
 
 

Table 2 Project Plan and Milestones (April 2007) 
 

Deliverables 
Expected Delivery Date 
Completed Item ���� 

Develop user-friendly interface for the fire risk model   March 2007 ���� 

Complete the structural response sub-model and integrate it in the risk model March 2007 ���� 

Develop design fires for hotels, retail stores, open-plan office buildings, churches, 
warehouses 

March 2008 

Conduct experiments to validate fire growth, smoke movement and structural models March 2009 

Demonstrate the application of the fire risk model using real building case studies March 2010 

Modify risk model to address buildings of heavy timber construction and hybrid buildings March 2011 

 

 
By April 2008, work on the third deliverable (design fires) had commenced, but had not been completed. 
The delivery date for this deliverable was therefore extended from March 2008 to March 2009 as shown 
in Table 3.  
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Table 3 Project Plan and Milestones (April 2008) 
 

Deliverables 
Expected Delivery Date 
Completed Item ���� 

Develop user-friendly interface for the fire risk model   March 2007 ���� 

Complete the structural response sub-model and integrate it in the risk model March 2007 ���� 

Develop design fires for hotels, retail stores, open-plan office buildings, churches, 
warehouses 

March 2009 

Conduct experiments to validate fire growth, smoke movement and structural models March 2009 

Demonstrate the application of the fire risk model using real building case studies March 2010 

Modify risk model to address buildings of heavy timber construction and hybrid buildings March 2011 

 
By April 2009, the third and fourth deliverables (design fires and experiments) had been accomplished as 
indicated in Table 4. 
 
 

Table 4 Project Plan and Milestones (April 2009) 
 

Deliverables 
Expected Delivery Date 
Completed Item ���� 

Develop user-friendly interface for the fire risk model   March 2007 ���� 

Complete the structural response sub-model and integrate it in the risk model March 2007 ���� 

Develop design fires for hotels, retail stores, open-plan office buildings, churches, 
warehouses 

March 2009 ���� 

Conduct experiments to validate fire growth, smoke movement and structural models March 2009 ���� 

Demonstrate the application of the fire risk model using real building case studies March 2010 

Modify risk model to address buildings of heavy timber construction and hybrid buildings March 2011 

 
The initial completion date for this project was March 2011.  Until 2009-2010, the results of student 
projects supervised jointly by the Chair and FPInnovations scientists were reported under a separate CFS 
project (CFS No. 05 Support for Fire Research Studies by Engineering Students).  However, by the end of 
2009-2010, it was becoming evident that these student projects typically addressed deliverables in the 
Chair’s research program.  Consequently a decision has been taken to close this project in order to merge 
it with CFS No. 05 effective April 1, 2010.  This work will continue under the project name “Support for 
Fire Safety Design Tools and Research” in 2010/11. 
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6 Results and Discussion 

6.1 User-friendly Interface 

CUrisk was written in Visual Basic by Carleton University researchers during the Chair’s first term 
(2001-2006).  Not only is the program inherently complicated, but it is necessary that the user enter a 
great deal of input data describing: 

• The layout of the entire building. 

• The location and characteristics of all passive fire protection features: structural elements, fire 
separations, fire doors, means of egress, etc. 

• The locations and characteristics of all active fire protection features: smoke detectors, sprinklers, 
central alarm systems, etc. 

• The locations and characteristics of all occupants in the building before the fire starts. 

• The proximity and capability of the responding fire department. 

• The design fire scenarios (including their probabilities of occurring) and design fires (description 
of each fire to be modelled). 

 
In principal, a designer would be expected to understand the basic features of CUrisk without having to be 
conversant with the details of the Visual Basic programming.  However, as the model stood in 2006, the 
entry of the requisite input data was very cumbersome and, in fact, required some knowledge of the 
computer programming.  In order that CUrisk be converted into a tool for designers, as opposed to a tool 
for Carleton’s research team, it was necessary that a user-friendly interface be developed to expedite both 
the entry of the requisite input data and the display of the results of a simulation.   
 
During 2006-2007, Mr. Mou Xin, an M.A.Sc. student at Carleton agreed to use CUrisk to undertake a 
fire-risk assessment case study.  As a first step in this process, Mr. Mou developed a user-friendly 
interface in Excel, a software program well known in the design community.  The interface allowed for a 
simple way to enter input data, to initiate the CUrisk calculations and to display the results of the 
calculations.  Over the next couple of years, as his case study evolved, he continually updated the 
interface.  In 2009 he wrote a document entitled “User’s Guide of CUrisk Interface Programs” so that the 
procedure would be well documented for subsequent students or designers using CUrisk. 
 

6.2 Structural Response Sub-Model 

The Building Element Failure Module of CUrisk (see Figure 1) predicts the time-dependent probability of 
the failure of room boundaries to contain fire (provide compartmentation) and/or structural elements to 
continue to support loads.  To compute these probabilities of failure, the Module must be built around a 
model which can predict the response of structural members exposed to fire (i.e. predict their fire 
resistance).  By the end of 2008-2009, Steve Craft, an employee of FPInnovations, had completed his 
Ph.D. thesis research in which he developed a finite-element model to predict the thermal response of a 
wood-frame floor assembly exposed to fire from below.  Ling Lu, also an employee of FPInnovations, 
using the temperature predictions of Dr. Craft’s thermal model as input is developing a finite-element 
model to predict the structural response of a wood-frame floor assembly exposed to fire from below.   
This work is well underway and is expected to be completed in 2010-2011.  The details of this research 
have been reported in the 2009-2010 report for CFS no. 07. 
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6.3 Design Fires 

To undertake an engineering assessment using CUrisk or any other fire model, it is important to establish 
design fire scenarios and design fires (see Figure 1).  With assistance from FPInnovations scientists, the 
Chair’s students made considerable progress in developing design fires.  The details of their work have 
been reported in the 2009-2010 report for CFS no. 05.  A brief summary follows here: 

• In 2006-2007, Ehab Zalok, a Ph.D. student, completed a research project that involved 
undertaking a survey of 168 stores in order to characterise the fire loads (quantity of 
combustibles) and types of combustibles in commercial premises.  He then conducted an 
extensive experimental program to develop design fires for each premise.  The premises treated 
included restaurants, hairdressing salons, travel agencies and pharmacies as well as retail stores 
selling clothing, shoes, food, alcohol, computers and computer supplies.   

• In 2008-2009, Zhengrong Chen, an M.A.Sc. student, completed a research project that entailed 
conducting a survey to document fire loads and running experiments to develop design fires for 
motels and hotels. 

• In 2009-2010, Kasey Plante, an M.Eng. student, completed a survey to document the fire loads in 
server and computer rooms. 

 

In a related activity Prof. Hadjisophocleous and Dr. Mehaffey wrote Chapter 5-11 “Fire Scenarios” for 

the 4th edition of the SFPE Handbook of Fire Protection Engineering which was published in 2008.  The 

Chapter stressed that the development of fire scenarios is an integral part of performance-based design.  

The process requires knowledge of the building layout and functions, fuel loads, passive and active fire 

protection systems, and occupant characteristics.  Based on this information all potential fire scenarios 

can be identified, the number of which may be very large.  To reduce the number of fire scenarios to a 

small set that merits further analysis, a selection process was recommended that involves estimation of the 

frequencies and consequences of each scenario.  Risk ranking is then used to select design fire scenarios.  

The design fire scenarios are then quantified (that is, design fires are constructed) in order to estimate fire 

severity, impact on occupants and property, as well downtime and impact on the environment.   
 

6.4 Validation of Submodels 

Several student projects have entailed experimental programs intended to validate sub-models (modules) 
within CUrisk.  A short summary follows: 

• In 2007-2008, Yan Wang, an M.A.Sc. student, completed her thesis project on smoke movement 
in multi-storey buildings.  This entailed a significant experimental component the results of which 
were used to validate the Smoke Movement Module in CUrisk (see Figure 1).  The details of her 
work have been reported in the 2009-2010 report for CFS no. 05. 

• In 2008-2009, Steve Craft, a Ph.D. student and an employee of FPInnovations, completed his 
thesis project in which he developed a heat and mass transfer model to predict the thermal 
performance of wood-frame floors exposed to fire. As part of his work he had experiments 
conducted at NRC to validate his model.  The details of his work have been reported in the 2008-
2009 report for CFS no. 07. 

• Ling Lu, a Ph.D. student and an employee of FPinnovations, is developing a finite-element model 
to predict the structural performance of wood-frame floors exposed to fire. Mr. Craft’s thermal 
model provides input data for Ms. Lu’s structural model.  She is also using the experiments 
conducted by NRC for Dr. Craft to validate her model.  Taken together, the models developed by 
Craft and Lu are leading to refinements of the Building Element Failure Module in CUrisk (see 
Figure 1).  The details of her work have been reported in the 2009-2010 report for CFS no. 07. 
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• Lei Peng, a Ph.D. student and an employee of FPinnovations, has developed a model to predict 
the fire-resistance rating of glulam timber connections loaded in tension.  His model has been 
validated using the results of 20 fire tests conducted at Carleton University’s Fire Research 
Facility.  This work is also leading to refinements of the Building Element Failure Module in 
CUrisk (see Figure 1).  The details of his work have been reported in the 2009-2010 report for 
CFS no. 05. 

• In 2009-2010, William Kuffner completed his M.A.Sc. thesis project on the development of a 
method for determining optimal placement of smoke detectors in high ceiling facilities.  He 
validated his model using the results of experiments conducted at Carleton University’s Fire 
Research Facility.  This work is also leading to refinements of the Fire Detection Module in 
CUrisk (see Figure 1).  The details of his work have been reported in the 2009-2010 report for 
CFS no. 05. 

 

6.5 Case Study 

In 2009-2010, Mou Xin completed a study in which he employed CUrisk to undertake a fire risk 
assessment case study of a four-storey multi-use wood-frame building.  The ground floor of the building 
was a mercantile occupancy, the second storey had office suites, and the third and fourth storeys had two-
storey residential suites.  The means of egress from each office and residential suite was a dedicated exit 
stairway.  Eight different design options were considered involving different combinations of the 
following active fire protection systems: sprinklers, smoke detectors and central alarm systems.  The 
results of the study showed that risk levels predicted by CUrisk are realistic as the calculated risk to life 
safety compared favourably with statistical data found in literature.  More details of the study have been 
reported in the 2009-2010 report for CFS no. 05. 
 
Given the good results found in Mr. Mou’s research, FPInnovations is now planning to employ CUrisk in 
an assessment of fire safety options (e.g. smoke detectors vs. sprinklers) for single-family houses. 
 

6.6 Heavy Timber Construction and Hybrid Buildings 

Lei Peng, has completed the theoretical and experimental portions of his Ph.D. research in which he 
investigated the fire performance of heavy timber connections loaded in tension.  Mr. Peng has conducted 
20 fire tests in which bolted connections with a steel plate embedded within two abutting glulam beams 
were loaded in tension.  He has also undertaken computer simulations of heat transfer in such connections 
using a three-dimensional finite-element model to predict the temperature profile within the steel and 
wood members during a fire test.  Finally he has derived a simple algebraic formula, suitable for inclusion 
in the NBCC, for predicting the fire-resistance rating of timber connections loaded in tension based solely 
on the applied load, fastener diameter and wood member thickness.  More details of the study have been 
reported in the 2009-2010 report for CFS no. 05. 
 

6.7 Academic Programs 

6.7.1 Academic appointments 

Subsequent to completing all the requirements for his Ph.D., Dr. Ehab Zalok (the first student to receive 
his doctorate under the supervision of Prof. Hadjisophocleous) accepted a one-year (2006-2007) teaching 
position in the Department of Civil and Environmental Engineering at Carleton University.  This term 
appointment was extended to 2007-2008.  During 2008-2009, Prof. Ehab Zalok was appointed as a 
tenure-track Assistant Professor in Fire Safety Engineering within the Department of Civil and 
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Environmental Engineering.  This second tenure-track position in addition to the Chair’s position 
dramatically increased the visibility of the Fire Safety Engineering Program and is seen as an important 
step towards being accredited by the Province of Ontario to grant degrees in Fire Safety Engineering.   
 

6.7.2 Graduate courses in Fire Safety Engineering 

In 2001, when NSERC approved the Chair’s first term, it did so with the provision that Carleton 
University offer a graduate program in Fire Safety Engineering.  This was acceptable to FPInnovations 
because, in order to take advantage of the introduction of performance-based codes, the industry requires 
qualified people to use the tools developed by the Chair for both design and enforcement purposes.  To 
this end, the Chair in collaboration with FPInnovations and National Research Council scientists prepared 
six graduate courses: 

• Fundamentals of Fire Safety Engineering. 

• Fire Dynamics I. 

• Fire Dynamics II. 

• People in Fires. 

• Fire Modelling. 

• Design for Fire Resistance. 

In 2008-2009, two additional graduate courses were introduced: 

• Fire Behaviour of Materials. 

• Blast Load Effects on Structures.  
These courses are being offered simultaneously in the classroom and in a web-based distance format 
referred to as video-on-demand.   
 
At the request of Prof. Hadjisophocleous, Dr. S. Craft has drafted a course outline for another graduate 
course entitled Wood Structures and Fire.  The course will be offered for the fist time during the fall term 
of the 2010-11 academic year.  The course will comprise twelve three-hour lectures and would be 
available to all graduate students in the Civil Engineering stream as well as in the Fire Protection 
Engineering stream.  In a related initiative, Dr. Craft offered the 4th year undergraduate course Wood 

Engineering during the winter terms of 2008-2009 and 2009-2010. 
 
A short description of each of the graduate courses follows. 
 
6.7.2.1 Fundamentals of Fire Safety Engineering 

The course is offered by Prof. G. Hadjisophocleous.  It introduces students to the fire safety regulatory 
system including the governing building codes and fire standards.  It puts fire safety into the context of 
societal, economic and environmental issues.  The nature of the entire fire safety system in a facility is 
described as are the roles of passive strategies (structural fire resistance, compartmentation, 
combustibility, etc.) and active strategies (detection, suppression, smoke management, etc.).  
 
6.7.2.2 Fire Dynamics I 

The course is offered by Dr. J. Mehaffey.  It provides an introduction to the basic chemistry and physics 
of fire as well as the fundamentals of heat and mass transfer in order to develop an understanding of fire 
processes.  The course begins with a discussion of the physical and chemical properties of combustible 
and non-combustible materials.  It introduces simple models for predicting the rates at which heat, smoke 
and toxic gases are generated when objects burn in the open.  Simple mathematical models are also 
presented for predicting the process of ignition, the dynamics of flames, the quantity of smoke generated 
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by fires and the radiant heat emitted by flames.   This basic background sets the stage for the follow-up 
course Fire Dynamics II.   

 

6.7.2.3 Fire Dynamics II 

The course is offered by Dr. J. Mehaffey.  It addresses the dynamics of fires in enclosures.  Containment 
of fire modifies the fire processes considered in Fire Dynamics I primarily because the supply of fresh air 
is usually limited and the dissipation of heat from the centre of fire is usually hindered.  Enclosure fire 
models are presented that predict fire growth and severity, temperature and pressure development, and 
smoke filling in enclosures.  Particular emphasis is placed on the response of building components to 
elevated temperatures and the impact on people caused by high levels of toxicity and reduced visibility.  
Taken together, Fire Dynamics I and Fire Dynamics II provide the basic scientific background required 
for the study of the other fire safety engineering courses offered at Carleton University. 
 
6.7.2.4 People in Fires 

The course has been offered by Dr. G. Proulx of NRC.  Her untimely death in 2009 has meant there is a 
need to find a new lecturer for the course.  The course begins with a review of the work presented by the 
founders in the field of human behaviour in fire.  It stresses the fact that occupants rarely begin to 
evacuate the moment they hear an alarm (as is commonly assumed by engineers).  An introduction to the 
basic notions of perception, cognition, information processing, decision-making and problem solving is 
provided. Behavioural concepts such as panic, commitment, affiliation, familiarity and role are also 
discussed.  
 
6.7.2.5 Fire Modelling 

The course is offered by Prof. G. Hadjisophocleous.  Fire is a very complex phenomenon and, in order to 
predict its behaviour, a great deal of mathematical (computer) modelling is employed these days.  The 
course stresses the role fire modelling plays in fire safety engineering.  The main model types are 
discussed including network modelling, zone modelling and field modelling (computational fluid 
dynamics).  Students also get hands on experience developing and running computer models. 
 
6.7.2.6 Design for Fire Resistance 

The course is offered by Dr. N. Bénichou of NRC.  Fire-resistance ratings are called-up in building codes 
to ensure adequate structural performance and compartmentation.  The course provides a detailed 
description of the behaviour of materials and structures at elevated temperatures.  It then introduces the 
standard fire-resistance test, the concept of fire-resistance ratings and the pertinent building code 
requirements.  Also discussed is the relationship between standard fires and real-world fires.  Finally the 
course addresses methods (tests, simple rules, models, etc.) for assessing the fire resistance of steel, 
concrete and wood building assemblies.  
 
6.7.2.7 Fire Behaviour of Materials 

The course is offered by Prof. E. Zalok.  Its purpose is to document the performance of materials when 
exposed to fire including any contribution they may make to the fire.  Numerous types of materials are 
considered including metals, plastics, wood, fibres, glass, concrete and gypsum board.  Also addressed are 
material specifications and standards, and how these are addressed in building codes.  
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6.7.2.8 Blast Load Effects on Structures 

The course is offered by Prof. Abass Braimah.  The primary objective of the course is to introduce 
students to the blast load (explosive) effects on infrastructures.  It addresses blast risk and vulnerability 
assessment; blast load determination and design of structural components; and blast mitigation and 
retrofit design.  
 
6.7.2.9 Wood Structures and Fire 

The course will be offered by Dr. S. Craft.  It will begin with a brief introduction to wood design.  It will 
review the acceptable (fire safety) solutions in building code requirements which are prescriptive 
solutions, but will also consider the development of alternative (performance-based) solutions.  It will 
discuss the determination of fire-resistance of wood structures through testing, simple (algebraic) 
calculation methods and sophisticated computer models.   
 

6.7.3 Educational program for practitioners 

In collaboration with FPInnovations and the National Research Council, the Chair also reached out to 
practitioners by introducing a series of short courses during his first five-year term.  The following three-
day short courses were offered during his first term: 

• Introduction to Fire Safety Engineering (May, 2003). 

• Engineered Fire Safety Systems (May, 2004). 

• Fire and Explosion Investigations (May 2005). 
Due to the overwhelming success of these short courses, the Chair has continued with the program 
throughout this second term. 
 
A fourth short course Fire Hazard, Risk Analysis and Risk Management was offered May 3-5, 2006.  
There were 62 attendees including building officials; fire prevention officers; fire safety officers; 
employees of insurance companies; enforcement officers; and code developers, as well as students in fire 
safety programs.  The course provided an introduction to fire hazard and risk analyses, and demonstrated 
their application to fire safety design and fire risk management.  During the Short Course, J.R. Mehaffey 
delivered three one-and-a-half hour lectures entitled “Standard Guidelines for Risk Analysis”, “Exposure 
Assessment and Scenario Frequencies” and “Consequence Analysis and Risk Calculations”.  
 
Carleton University offered a fifth short course Fire Dynamics Simulator and Smokeview May 23-25, 
2007. There were 52 attendees including fire safety engineers; building officials; fire prevention officers; 
code developers; and students in fire safety programs. Fire Dynamics Simulator (FDS) is a computational 
fluid dynamics model developed by the National Institute of Standards and Technology (NIST) in the 
USA. Despite requiring significant computer resources (and time) to run, it is one of the most commonly 
used computer models in the field of fire safety. It is used by designers of fire protection systems, such as 
smoke management systems, and by fire investigators re-creating the course of a fire. During the short 
course, J.R. Mehaffey delivered two one-hour lectures entitled “Introduction/Overview of Fire Models” 
and “Context for Performance Based Design”.   
 
A sixth short course Performance-based Fire-Safety Design was offered May 21-23, 2008. There were 72 
attendees including fire safety engineers; building officials; fire prevention officers; code developers; and 
students in fire safety programs.  The course described the differences between the traditional design 
process employing prescriptive codes and the engineered design process employing performance-based 
(objective-based) codes.  Participants were introduced to tools used for performance-based design, such 
as computer models and physical tests.  Several case studies were presented by practicing engineers in 
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which the performance-based approach was employed because the design would have been difficult or 
impossible using prescriptive codes.  During the short course, J.R. Mehaffey delivered a one-hour lecture 
entitled “Regulatory Environment” and was the moderator for the final discussion session.     
 
Carleton University offered a seventh short course, Response of Materials and Structures to Fires May 
20-22, 2009.  There were 73 attendees including fire safety engineers; building officials; fire prevention 
officers; code developers; and students in fire safety programs.  The course addressed design for fire-
resistance under prescriptive and performance/objective-based codes. It covered theories for calculating 
the fire-resistance of wood, concrete and steel structural elements. The participants were introduced to the 
most common tools used for performance-based design, such as computer models and physical tests, and 
their role in this process.  Special emphasis was given to design fires used for structural fire protection, as 
this is a very important part of any performance-based design. The course concluded with a presentation 
on the study undertaken by NIST on the collapse of the World Centre Building 7.  During the short 
course, J.R. Mehaffey delivered lectures on the regulatory environment under which design for fire-
resistance is undertaken and on predicting the probability of failure as a function of time using the Monte 
Carlo method and WALL2D, a model developed by FPInnovations for predicting the time to failure of 
wood-stud walls exposed to fire.  S.T. Craft delivered lectures on CUWoodFrame, a computer model he 
has developed for predicting the time to failure of wood-joist floors exposed to fire, and on methods for 
calculating the fire-resistance ratings of timber elements with large cross-sections. 
 
Due to the success of this short course series, Carleton University will offer an 8th short course entitled 
Smoke Control and Smoke Management May 26 - 28, 2010.  J.R. Mehaffey will again be a lecturer during 
the course. 
 

6.8 Advisory Committee 

The 3rd Meeting of the Advisory Group for the Industrial Research Chair in Fire Safety Engineering at 
Carleton University was convened June 16, 2008.  Members of the Advisory Group expressed satisfaction 
with progress in the Chair’s research and in the academic program.  A brief summary of the meeting 
follows: 

• It was noted that there were now two Professors and four Adjunct Professors in Fire Safety 
Engineering offering seven fire courses at the graduate level.  Four other professors on campus 
were engaging in collaborative fire research projects.  Given this progress, Fire Safety 
Engineering had been approved as a Field of Study in the Department of Civil and Environmental 
Engineering and will be so noted on student transcripts.  The next step was to become accredited 
to offer degrees in Fire Safety Engineering. 

• The following benefits of the Chair’s program to the wood industry were identified: 
o When mature, CUrisk can be used to deliver performance-based fire-safety design of wood-

frame (or hybrid) buildings.  It will also enable cost-benefit comparisons of various design 
options. 

o The program has already been instrumental in the training of professionals conversant in 
design of fire-safe wood-frame buildings: Ineke Van Zeeland (formerly with the Canadian 
Wood Council); Steve Craft and Ling Lu (FPInnovations – Forintek Division); and 
numerous consultants. 

o Since NSERC and Carleton University also put money into the Chair’s research, the wood 
industry spent 40 cents on the dollar in the Chair’s first term to get the benefits of the 
research.  The leveraging will be even greater in the current (second) term. 
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• Other important points raised in the meeting follow: 
o It was thought that it would be useful to undertake some case studies with the intent of 

comparing the predictions and utility of CUrisk with those of the NIST models CFAST and 
FDS.  This could involve comparing the performance and cost-effectiveness of various 
“alternative solutions”. 

o Studies of the next generation in sprinkler technology (e.g., water mist systems) and of the 
role of nanotechnology in reducing flammability should be considered. 

 

6.9 Soliciting Funding from Other Sources 

6.9.1 Broadening the Industrial Support for the Chair’s Research 

When the Chair at Carleton University was renewed for a second term, FPInnovations decided it would 
like to broaden the industrial support for the Chair’s research.  The plan was that FPInnovations would 
provide half of the industrial funding and would seek an additional $50,000 a year from non wood 
industry sources.  During 2007-2008, a Task Group was formed with the goal of attracting this additional 
funding.  Members of the Task Group included J.R. Mehaffey, R. Desjardins, E. Karacabeyli, G. 
Hadjisophocleous, H. Griffin (CWC) and M. Robson. Regular teleconferences were convened and the 
potential sources of funding identified and approached.  The following summarises the approaches made 
to other industries: 

• Canadian Fire Alarm Association (CFAA): Prof. Hadjisophocleous and Dr. Mehaffey met with 
Andy Hewitson, President of CFAA to describe the Chair’s research program and to invite CFAA 
to participate in funding it.  He expressed interest and agreed to present the idea to his Board.  
The Board looked favourably on the concept and invited J.R. Mehaffey to speak at a meeting of 
the CFAA membership in December 2007.  Dr. Mehaffey described the progress the Chair had 
made in conducting fire research for the wood industry and in establishing an educational 
program.  He extended an invitation to the CFAA to provide financial support for the Chair and to 
participate in the Technical Advisory Committee that steers the Chair’s research.  The CFAA 
membership expressed interest in the concept and agreed to discuss the issue further.  They 
subsequently asked for more documentation on the capabilities of Carleton University to 
undertake research of specific interest to CFAA.  Dr. Mehaffey wrote a short description of Mr. 
Kuffner’s research on smoke detector placement under high smooth, horizontal ceilings.  He also 
described how the suspended ceiling apparatus at Carleton University’s Fire Research Facility 
could be used to study detector response under sloped ceilings or under ceilings with exposed 
beams, both of which are scenarios for which further research is needed.  Mr. Hewitson retired 
from his position as President in early 2009 and since his retirement CFAA has shown no interest 
in supporting research at Carleton University.   

• Canadian Automatic Sprinkler Association (CASA): Prof. Hadjisophocleous and Dr. Mehaffey 
met with CASA to describe the Chair’s research program and to invite CASA to participate in 
funding it.  John Galt, the president of CASA, expressed interest and agreed to present the idea to 
his Board.  The Board looked favourably on the concept and invited J.R. Mehaffey to speak at the 
Annual General Meeting of CASA in June 2008.  He intended to make the same pitch to CASA 
that he made to CFAA.  Due poor health, Dr. Mehaffey was unable to participate in the Annual 
General Meeting.  At this time CASA is supporting a research project at NRC and is not in a 
position to support research at Carleton University. 

• Canadian Plastics Industry Association (CPIA): Dr. Mehaffey and Prof. Ehab Zalok (Carleton 
University) met with M. Axmith (Director General) and F. Edgecombe (Technical Consultant) of 
CPIA in Toronto.  CPIA represents the vinyl siding, polystyrene insulation and polyurethane 
insulation industries.  CPIA expressed particular interest in the work under way at Carleton 
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University on safe spatial separations between buildings of wood-frame construction.  Of 
particular concern could be some innovative cladding systems in which vinyl siding backed by 
polystyrene insulation is used over OSB.  Marion Axmith agreed to discuss the program at 
Carleton University with all of the divisions of CPIA and get back to FPInnovations.  She 
mentioned that CPIA may not participate for all five years, but could be interested in participating 
for one or two years.  They subsequently asked for more documentation on the capabilities of 
Carleton University to undertake research of specific interest to CPIA.  Dr. Mehaffey wrote a 
short description of Mr. Cheng’s theoretical and experimental research aimed at developing 
guidelines for establishing safe spatial separations between buildings.  He also described how the 
experimental apparatus used by Mr. Cheng could be used to study the performance of plastic 
siding over OSB sheathing.  Subsequently Prof. Zalok and Dr. Mehaffey returned to speak with 
CPIA, but no commitment was forthcoming.   

• Attempts were made to arrange face-to-face meetings with the Gypsum Association.  However, 
the Gypsum Association was suffering financial problems due to the construction downturn in the 
USA.  Consequently they have been unable to sign onto a couple of projects they would 
otherwise have funded at NRC.  For this reason the Gypsum Association will not be approached 
for the time being. 

• Attempts were made to arrange face-to-face meetings with the Insurance Bureau of Canada 
(IBC).  J.R. Mehaffey had several interesting telephone exchanges with personnel at the IBC but 
was unable to get anyone willing to discuss funding of the Program. 

 
It should be noted that all of the industries that were approached expressed interest in the Chair’s 
research.  Unfortunately they were unwilling to provide financial assistance because of the difficult times 
faced by the entire construction industry.  Poor revenues for each of the industries translated into very 
small research budgets.   
 

6.9.2 NSERC Forest Sector Initiative 

An NSERC Strategic Network on Innovative Wood Products and Building Systems (NEWBuildS) has 
been established with a five-year term (2010-2014).  The vision of NEWSBuildS is to increase the use of 
wood products in mid-rise buildings.  The funding is being made available for university research, but the 
program is tightly aligned with research underway at FPInnovations, most notably through the Federal 
Transformative Technology program.  Four themes for the research have been identified each led by a 
university researcher in collaboration with an FPInnovations researcher.  One of the themes is Building 
Systems which will address fire performance, among other subjects.  The leaders in this theme are Prof. 
Hadjisophocleous at Carleton University and Dr. Craft at FPInnovations.  The following four fire research 
projects have been proposed each of which will supplement the research underway within the NSERC 
Chair in Fire Safety Engineering: 

• Fire Risk Analysis: This project would entail modifying CUrisk to evaluate the risks from fires 
in mid-rise hybrid buildings.  As CUrisk can currently only treat 4-storey wood-frame buildings, 
several modules would have to be refined and new ones created. 

• Rationalization of Life Safety - Code Requirements for Mid-rise Buildings: This project 
would focus on analysing code requirements related to fire resistance and the use of sprinklers for 
mid-rise buildings with large floor areas and built with combustible or non-combustible 
construction. The level of safety provided by these requirements would be determined using 
CUrisk.  Ultimately, the goal would be to seek alternative solutions and, potentially, new code 
requirements. 
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• Fire Behaviour of Cross Laminated Timber (CLT) Panels: This project would document the 
fire performance of CLT including its fire resistance when exposed to real world fires (whether 
protected by gypsum or not) and its contribution to fire growth when left exposed in a building. 

• Fire Performance of Timber Connections:  The proposed project would expand on the current 
research at Carleton University by focusing on the fire performance of the types of connections 
that have the potential to be used in mid-rise, hybrid heavy frame and CLT buildings. 

 
Final decisions on the exact research program to be followed within NEWSBuildS will be made in early 
April. 

 

7 Conclusions 
The recently adopted objective-based version of the NBCC offers the opportunity for the construction of 
buildings of wood or hybrid construction with areas and heights beyond those spelled out in the 
acceptable solutions of the NBCC.  This can be accomplished by developing an alternative solution in 
which one or more of the fire protection features in the building is upgraded beyond what is specified in 
the acceptable solutions.  In order to take full advantage of the introduction of objective-based codes, an 
NSERC Industrial Research Chair in Fire Safety Engineering was established at Carleton University in 
2001 to develop design tools.  The Chair’s research was funded jointly by NSERC and FPInnovations.  
By the end of the Chair’s first five-year term, which ended December 31, 2005, a prototype of a 
comprehensive engineering tool called CUrisk had been developed.   The model calculates the expected-
risk-to-life presented by fire and the fire-cost-expectation over the lifetime of a building.    
 
This project was initiated in 2006 to mirror the second term of the NSERC Chair’s research program and 
thereby enable FPInnovations fire scientists to assist the Chair in carrying out his research.  The overall 
goals for the Chair’s research were to refine several modules within CUrisk, to convert it from a research 
tool into a design tool, and to fine-tune it to be applicable to specific occupancies such as wood-frame 
hotels and motels, retail stores, open-plan office buildings, churches and warehouses.   As summarised in 
this report, much progress has been made towards these goals in the first four years of his second term.  In 
fact, the revised version of CUrisk has been successfully employed by a Carleton University student to 
undertake a fire-safety assessment of an actual building.  It is anticipated that, by the completion of his 
second term on December 31, 2010, CUrisk will be fully operational and available for use by the Chair in 
the design of buildings.  After more experience is gained with the tool, it will be circulated for use within 
the research community. 
 
This report also outlines how FPInnovations scientists have assisted the Chair in delivering the academic 
component of his Fire Safety Engineering Program.  This has included the delivery of graduate courses, 
supervision of graduate students and delivery of lectures in Short Courses designed for practicing 
engineers.  
 
From the outset it was recognised that much of the research proposed for the 2nd term of the NSERC 
Chair would be addressed by graduate students supervised by the Chair with assistance from 
FPInnovations fire scientists.  Until the end of 2009-2010, the actual activities of the students have been 
captured in the Final Report for project CFS No. 5 Support for Research Studies by Engineering Students 

(FPInnovations Project 20100303).  However, it has become evident that the students’ projects typically 
address deliverables in the Chair’s research program.  Consequently a decision has been taken to close 
this project effective April 1, 2010 in order to merge it with CFS No. 05.  This work will continue under 
the project name “Support for Fire Safety Design Tools and Research” in 2010/11.  
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