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Abstract 

This project was created in 2004-2005 to capitalise on the opportunity to supervise or co-supervise 

student projects that would further FPInnovations’ fire research goals.  During the six-year term of this 

project, students have made significant improvements to CUrisk, the fire risk model for wood-frame 

buildings developed at Carleton University.  The model calculates the expected-risk-to-life presented by 

fire and the fire-cost-expectation over the lifetime of a building.  It 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.  The most notable improvements are 

summarised below: 

• Mathematical models have been constructed for design fires that are suitable for use in CUrisk.  

A design fire is one that represents a severe, but credible challenge to the fire protection features 

in a building.  Design fires have been developed for commercial establishments (restaurants, 

shops, etc.), and for hotels or motels.  Preliminary work has been completed for computer rooms. 

• Much progress had been made in modelling the performance of wood-frame floors and walls 

exposed to any (design) fire.  When imported into CUrisk, these models can predict whether 

wood-frame assemblies can perform their structural and/or containment roles while occupants are 

evacuating from a building on fire. 

• Progress has also been made in modelling fire and smoke spread within a building.  In the event 

that a wood-frame assembly fails or an internal door burns through, CUrisk predicts the advance 

of fire and smoke within a building.   

• CUrisk has been streamlined and successfully employed to undertake a fire-risk assessment of a 

four-storey, multi-use wood-frame building.   

 

As taller and larger area buildings of wood construction are envisioned, it will often be the case that 

wood-frame construction will be replaced (or supplemented) by heavy-timber construction using glulam 

members.  To prepare for that eventuality, much work has been done by students to model the fire 

performance of glulam structures and the fire performance of the connections between glulam members. 
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1 Objectives 
Increase value of research through alliances with Carleton University by supervising students conducting 

research that aids in the delivery of, or supplements the objectives of FPInnovation’s fire research 

program.   

 

 

2 Introduction 
FPInnovations’ fire research program addresses market-access issues that arise due to concerns about fire 

safety in wood-frame buildings.  In 2003-2004, it was realised that some efficiency could be realised in 

delivering this research if FPInnovations (then Forintek) capitalised on the working relationship it had 

developed with Carleton University, particularly with the Chair in Fire Safety Engineering.  In fact, 

before 2004-2005, FPInnovations’ scientists had made significant progress in several projects by working 

closely with students.  In some cases, the work had been done as a “directed studies” project for which 

FPInnovations incurred no costs.  In other cases, the work had been done under contract.  In all cases, the 

student’s effort had assisted FPInnovations in achieving (or exceeding) project objectives.  The following 

list provides the names of students who worked with FPInnovations fire scientists before 2004-2005, the 

title of the report they wrote and the nature of the agreement whereby the work was accomplished. 

• K. McClintock, August 2000, “Statistical assessment of the fire performance of North American 

housing”.  Mr. McClintock undertook this work as a co-op student.  

• I. Van Zeeland, December 2000, “Modelling of dimension lumber in axial compression at elevated 

temperatures”. Ms. Van Zeeland undertook this work and prepared this thesis to fulfill the 

requirements for her Masters degree. 

• J. Noël, December 2001. “Structural design of glulam members to meet strength, serviceability and 

fire resistance requirements”. Miss Noël undertook this work and prepared this report to fulfill the 

requirements for her non-thesis Masters degree. 

• M. Bisson, August 2002, “The fire resistance of connections”.  Mr. Bisson undertook this work under 

contract. 

• C. Zurell, November 2002, “Superimposed loads for fire endurance tests of wood-stud wall 

assemblies: A comparison of international practices”.  Mr. Zurell, a Ph.D. candidate, undertook this 

work as a “directed studies” project.   

• M. Bisson, August 2003, “Superimposed loads on wood-joist floor assemblies for fire-endurance 

tests”.  Mr. Bisson undertook this work under contract.  

• S. Craft, August 2003, “Comparison of fire model predictions with data from the Kemano fire tests”.  

Mr. Craft, a Ph.D. candidate, undertook this work as a “directed studies” project. 

 

This project was created in 2004-2005 to capitalise on the opportunity to supervise other student projects 

that would further FPInnovations’ fire research goals.  There was, moreover, an important spin-off to 

involving students in FPInnovations’ fire research.  After working with FPInnovations, students had 

developed a comfort level in the fire performance of wood products and they carried that comfort level 

together with the skills they had learned into the workplace.  I. Van Zeeland was employed by the 

Canadian Wood Council to address fire safety issues in North America.  J. Noël was working as a 

building design approval officer (in France) and had the authority to accept or reject wood-frame 

buildings.  C. Zurell was working with a structural engineering firm in Waterloo and had the ability and 

confidence to construct fire-safe buildings in wood.  
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3 Staff 
J.R. Mehaffey, Ph.D. Project Leader and Research Scientist, Fire Research 

S.T. Craft, Ph.D. Research Scientist, Fire Research 

R. Desjardins, P.Eng., M.Sc.  Program Manager, Building Systems 

Caroline Mancuso Administrative Assistant, Building Systems 

 

 

4 Project Plan 
Originally this was to be a one-year research project with the following proposed work plan: 

• By April 2004, propose several student projects to Civil Engineering faculty at Carleton University. 

• By September 2004, identify suitable engineering student(s) to undertake one (or more) projects. 

• By March 2005, supervise (in collaboration with Carleton faculty) student project(s). 

• By March 2005, encourage students to write report(s) summarising project(s) achievements. 

 

While the initial completion date for this project was March 2005, it was agreed that if it paid dividends, 

the project would be extended indefinitely.  As it turns out, the project was extended year after year until 

2009-2010.  By 2009-2010, however, it was becoming evident that student projects supervised through 

this project were also deliverables in the research program of the Chair in Fire Safety Engineering at 

Carleton University.  Consequently a decision was taken to close this project in order to merge it with 

another CFS project (CFS No. 06) that provides collaborative support to the Chair.  

 

 

5 Results and Discussions 

5.1 Progress in 2004-2005 

5.1.1 Modelling the structural performance of walls 

In order to develop a fire-resistance model for wood-stud walls, a collaborative project was undertaken in 

2001-2002 and 2002-2003 to couple WALL2D, FPInnovations’ model predicting the thermal response of 

a wood-stud wall exposed to a standard fire test, to a structural model developed by NRC.  In 2004-2005, 

Mr. M. Al Duailej, an M.Eng. student, undertook a directed studies project under the joint supervision of 

Dr. Mehaffey, Prof. Hadjisophocleous at Carleton University and Dr. Bénichou of NRC.  The objective of 

his project was to employ the fire-resistance model to investigate the impact on fire-resistance ratings of 

the different structural loads applied to wood-stud walls during tests in different countries.  A summary of 

his findings follow for 3.0 m high walls constructed with 2 x 4 studs (SPF or Douglas fir), protected by 

fire-rated gypsum board (12.7 or 15.9 mm), and with or without glass-fibre insulation in the cavities. 

• The applied structural loads during fire tests are similar in Canada and the U.S.A.  Walls in both 

countries fail at about the same time and are assigned the same fire-resistance ratings.  Walls fail in 

both countries when the studs have deteriorated to the point that the wall can no longer support the 

applied load (that is, the failure mode is structural failure). 

• The applied structural loads during fire tests in Japan are about 60% of those applied in Canada.  

Walls in Japan fail considerably later (about 40% later) and are assigned greater fire-resistance 

ratings.  The failure mode in both countries, however, is structural failure. 
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• The applied structural loads during fire tests in Australia are about 40% of those applied in Canada.  

Walls in Australia fail considerably later and are assigned greater fire-resistance ratings.  Whereas, 

the failure mode in Canada is structural failure, walls in Australia fail due to excessive heat 

penetration (insulation failure).  Consequently reducing the applied load further would not yield a 

lower fire-resistance rating. 

• As has been observed in fire-resistance tests, Mr. Al Duailej’s simulations demonstrated that mineral-

wool insulation protects wood studs after failure of the exposed gypsum board for quite some time, 

and delays both structural and insulation failures considerably.  Mineral wool insulation makes the 

different loads applied in different countries of less significance.  

 

On the basis of Mr. Al Duailej’s work, it was concluded that a wood-stud wall tested in Canada (or the 

USA) generally exhibits a lower rating than an identical wall tested in Asia, Europe or Australia / New 

Zealand.  As studs in wall assemblies exported to Asia from Europe and New Zealand are of different 

species and dimensions, Asian authorities may conclude that Canadian walls exhibit lower ratings, not 

because higher loads are applied during tests, but because Canadian lumber and building practices are 

inferior.  Not only is the Canadian industry under-estimating the performance of its assemblies in Asian 

markets, but it is at a competitive disadvantage with its competitors in that market. 

 

5.1.2 Assessment of a Kemano fire test 

Mr. M. Al-Duailej conducted a second directed studies project under the joint supervision of Dr. 

Mehaffey and Prof. Hadjisophocleous.  In 2001, Forintek conducted a series of fire experiments in 

furnished wood-frame houses in the abandoned town of Kemano, BC.  In one of the experiments detailed 

temperature data were generated on the fire spread from the bedroom of fire origin into a corridor and a 

neighbouring bedroom.  Fire also spread into a neighbouring bathroom and into the attic space above.  

Mr. Al-Duailej made a detailed assessment of this experiment.  A brief summary of his findings follows: 

• From temperature data measured during the experiment, he was able to demonstrate that a light 

switch and an electrical outlet box in a gypsum-board protected wood-stud wall did not provide 

avenues for fire spread into the neighbouring bathroom.  His assessment showed that fire entered the 

bathroom by burning through a hollow-core door.   

• He employed the computer model CUsmoke developed at Carleton University to predict the 

temperature of the fire as it advanced from the bedroom of fire origin, into a corridor and then into a 

second bedroom.  The predictions of CUsmoke compared well with the experimental measurements 

of temperatures in these three rooms. 

 

5.1.3 Other student projects 

In addition to the completed student projects listed above, J.R. Mehaffey assisted in the supervision of the 

following student projects which had not yet been completed: 

• Mr. M. Al-Duailej was documenting the results of all the fire tests conducted in Kemano. 

• Mr. S.T. Craft was studying the thermal decomposition of gypsum board and wood. 

• Mr. E. Zalok was studying the fire loads in commercial premises. 

• Ms. L. Simpson was studying the fire resistance of glulam timbers. 
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5.2 Progress in 2005-2006 

5.2.1 Documenting the Kemano fire tests 

Mr. M. Al-Duailej completed his non-thesis M.Eng. Report entitled “Analysis of Six Fire Experiments 

Conducted at Kemano Village (BC) by Forintek Canada Corp. in 2001”.  The work proceeded under the 

joint supervision of Dr. J. Mehaffey and Prof. G. Hadjisophocleous.  Although data from several of the 

fire experiments run by FPInnovations in furnished wood-frame houses in Kemano had been analysed and 

important conclusions drawn, there was still a great deal of data that had not been studied.  Mr. Al-

Duailej’s report documented the objectives, experimental details, measurements and findings of all six 

fire tests conducted in Kemano.   

 

The Kemano experiments involved large fires that challenged the house’s wood-frame structures. The 

first item ignited in all tests was a waste-paper basket in contact with a piece of upholstered furniture or a 

mattress. Fires were allowed to follow their natural course for a significant period of time without 

intervention by fire fighters.  The primary purpose of the experiments was to observe the role, if any, of 

the wood-frame structure of the houses in the development of untenable conditions during fires.  Mr. Al-

Duailej’s report documented the good fire performance of wood-frame houses in some detail.  A 

summary of the most important findings follows: 

• Fire spread quickly from the waste-paper basket to upholstered furniture or mattresses with flashover 

occurring as early as 2.5 minutes after ignition.  Furthermore, fire temperatures rose more quickly and 

peaked at higher values than in standard fire-resistance tests.  

• The contents of a house (in particular, upholstered furniture and mattresses) are more of a fire-safety 

threat than the wood-frame structure of a house.  In all fires untenable conditions developed in the 

house before the wood-frame structure was even involved in fire. 

• Despite the very high temperatures attained, 15.9 mm fire-rated gypsum board stays in place and 

provides excellent protection for wood-joist ceilings and wood-stud walls for a significant period of 

time. In the one test in which fire-rated board was employed, the walls and ceilings almost withstood 

the complete burnout of the room without the need for suppression before the board began falling 

from the ceiling. 

• Fire tests conducted in basement recreation rooms demonstrated that it is a good fire-safety 

precaution to close the door when exiting a room in which a fire has started.  Fire development can be 

dramatically reduced, even curtailed, when ventilation is restricted in this manner.  Closing doors to 

the room of fire origin therefore substantially increases the time available for occupants to escape in 

the event of fire.  

• Metallic electrical service equipment in gypsum-board protected wood-frame walls (i.e. light switches 

and electrical outlet boxes) are not significant avenues for fire spread between neighbouring rooms. 

• Even in very large fires, a firewall provides a significant barrier to the spread of fire between two 

buildings of combustible construction. (A firewall is a non-combustible free-standing wall of high fire 

resistance separating adjoining buildings.)    

 

As part of his studies, Mr. Al-Duailej employed the computer models CUsmoke (developed at Carleton 

University) and CFAST (developed at NIST) to simulate the course of fire in these houses and to then 

compare the computer simulations with experimental measurements. Given the uncertainty related to the 

burning behaviour of furnishings employed in the experiments (they were old and had been donated by 

citizens of British Columbia), he found good agreement between the CU Smoke and CFAST predicted 

temperatures and the experimental temperatures.   The agreement was best in the room of origin, but quite 

reasonable elsewhere in the houses. 
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5.2.2 Thermal decomposition of gypsum board and wood 

Computer models have been developed to predict the fire-resistance ratings of wood-frame assemblies 

protected by gypsum board.  These models treat the calcination of gypsum as occurring over a fixed 

temperature range (WALL2D, Takeda, 1998) or as characterised by apparent specific heat data generated 

at one fixed heating rate (HT Wall, Takeda, 2004).  In the wood-framing, moisture movement is all but 

neglected and pyrolysis is treated much as calcination of gypsum is treated.  These models work well for 

predicting the performance of assemblies that were conditioned to an idealised temperature and moisture 

content, and then exposed to standard fire-resistance tests in which temperatures increase monotonically.    

 

Risk assessment models, such as the one under development at Carleton University, need to sample the 

response of assemblies for a variety of design fires.  For scenarios that differ dramatically from standard 

tests, such as those with a rapid heating phase followed by a cooling phase, better representations of the 

performance of gypsum board and wood are required.  Better models for gypsum board and wood are also 

needed to address unusual design objectives, such as assuring that sufficient gypsum board is applied so 

that wood-framing does not burn and can be re-used following a fire.  Better models would also be 

helpful in forensic analyses in which fire modelling of wood-frame assemblies is required.   

 

Under the supervision of Prof. Hadjisophocleous and J.R. Mehaffey, Mr. Steve Craft, a Ph.D. student, 

completed a directed studies project investigating the behaviour of gypsum board and wood at elevated 

temperatures.  The ultimate goal was to develop models to address the kinetics of calcination of gypsum 

board and pyrolysis of wood.  To this end, arrangements were made with the National Research Council 

(NRC) to have 15 thermal gravimetric analysis (TGA) tests conducted on gypsum board and on wood at 

heating rates encountered in fires.  In a TGA test, the mass loss of a material is measured as a function of 

temperature.   

 

In order to model the mass loss of both gypsum board and wood when exposed to elevated temperatures, 

the following Arrhenius expression was used.   

 

 

  

 

In this equation m is the mass in kg, t is time in seconds, R is the universal gas constant, and T is the 

temperature in Kelvin.  The Arrhenius equation also involves two material properties: the pre-exponential 

constant c1 and the activation energy EA.  The results of the TGA tests were used to calculate c1 and EA 

for calcination of gypsum board and pyrolysis of wood.   

 

The experimental results generated in the TGA tests, showed that calcination of gypsum, i.e. mass loss 

when water is driven from the board, occurs over a much wider temperature range than 100 to 120°C as 

assumed in WALL2D.  The Arrehenius model gave a much better representation of calcination especially 

in the heating range of 5°C/min that is commonly observed in fire tests.  In a similar fashion, using the 

TGA data, a very good Arrhenius model was developed to predict the rate of pyrolysis of wood.  These 

two Arrhenius models, for calcination of gypsum board and for pyrolysis of wood, were to be imported 

into a heat and mass transfer model under development by Mr. Craft to predict the thermal response of 

wood-frame assemblies protected by gypsum board when exposed to any arbitrary fire.   

 

Preliminary results from this work were very encouraging and were summarised in a poster at the 8
th
 

International Symposium on Fire Safety Science in Beijing.  In addition, a paper based on this work was 

presented at the 4
th
 International Workshop on Structures in Fire at the University of Aveiro in Portugal.   
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5.2.3 Other student projects 

In addition to the completed student projects listed above, Dr. Mehaffey assisted in the supervision of the 

following student projects which had not yet been completed: 

• Mr. Ehab Zalok was developing design fires for commercial premises. 

• Mr. R. Strickland was studying various methods for establishing safe spatial separations between 

buildings. 

• Ms. L. Simpson was studying the fire resistance of glulam timbers. 

• Mr. S.T. Craft was developing a finite-element model to predict the thermal response of a wood-

frame floor assembly exposed to fire.   

    

5.3 Progress in 2006-2007 

5.3.1 Design fires for commercial premises 

On April 28, Ehab Zalok, successfully defended his Ph.D. thesis entitled “Design Fires for Commercial 

Premises”.  Dr. Mehaffey was a member of his research and examination committees.  Mr. Zalok 

undertook a survey of 168 stores in order to characterise the fire loads and types of combustibles in 

commercial premises.  The survey included restaurants, hairdressing salons, travel agencies and 

pharmacies as well as retail stores selling clothing, shoes, food, alcohol, computers and computer 

supplies.  The data collected were analysed to determine the total fire load (MJ) in each establishment, the 

fire load density (MJ/m
2
) and the contribution of different combustible materials (wood/paper, plastics, 

cloth, food, etc.) to the total fire load.  Fire loads, type of combustibles, and fuel arrangement in buildings 

are important elements needed to characterise design fires that can be used in the evaluation of fire 

protection designs for buildings.  They affect fire growth, fire severity and duration, as well as, the 

production and type of toxic products of combustion.   

 

Based on an analysis of the survey data, fuel packages representing the combustible content in such 

buildings were designed and subjected to medium- and full-scale experiments.  The experiments provided 

details on the burning characteristics of the fuel packages including the rates at which heat and toxic gases 

are released during fires.  The experimental data were used to develop design fires for use in CUrisk, the 

fire risk model for wood-frame commercial buildings developed at Carleton University.   

 

The survey findings were summarised in a paper entitled “Fire Loads in Commercial Premises” by E. 

Zalok, G. Hadjisophocleous and J.R. Mehaffey which was submitted to the journal Fire and Materials for 

publication. 

 

5.3.2 Spatial separations 

To fulfill the course requirements for his M.Eng degree, Mr. Roy Strickland, a senior building plan 

examiner in the province of Nova Scotia, undertook a directed studies project under the supervision of Dr. 

Mehaffey.  The aim of the project was to review and summarize the research that had been documented 

over the last 50 years with regards to fire spread between buildings as a result of radiant heat transfer.  In 

addition, the rationale behind the following methods for determining safe distances between buildings 

was studied in detail: 

• National Building Code of Canada (NBCC), Subsection 3.2.3. 

• National Fire Protection Association, NFPA 80A. 

• The Williams-Leir Method. 

• The C.R. Barnett Method. 



Support for Fire Research Studies by Engineering Students 

 

 

 

 

 

 7 of 17 

 

Mr. Strickland found that all four methods assume that the radiant intensity (emissive power) of flames 

issuing through windows is the value measured by NRC during experiments conducted in the 1950s; 

namely, 180 kW m
-2
.  The NBCC method, which relies on tables, is easier to use than the other three 

methods which entail some calculation.  Worked examples for warehouse, office and residential buildings 

were undertaken using the four methods.  In general, the NBCC method provides the most conservative 

estimates; that is, recommends the largest spatial separations.  Therefore, in scenarios where the spatial 

separations prescribed by the NBCC are restrictive, it may be advantageous to undertake the more 

ambitious calculations involved in one of the other three methods.  However, Mr. Strickland suggested 

that the use of performance-based techniques would yield more rational estimates because the radiant 

intensity of flames issuing through windows can vary dramatically from 180 kW m
-2
.  The radiant 

intensity depends on factors such as the presence or absence of sprinklers, the nature of the fuel, the size 

of the compartment, the size of windows and the thermal properties of the room boundaries.  He argued 

that, because fire modelling has evolved dramatically since the 1950s, it is now possible to allow 

engineers to predict the radiant intensity of flames rather than using a prescribed value generated in 

experiments more than 50 years ago.   

 

5.3.3 Fire resistance of glulam timbers 

On September 15, Lisa Simpson defended her M.A.Sc. thesis entitled “Predicting the Failure Times of 

Glulam Members Exposed to Fire”.  Her research was conducted under the supervision of Prof. Juan 

Salinas and Dr. Mehaffey.  The 2005 edition of the NBCC provides algebraic expressions derived in the 

1970s to calculate the fire-resistance ratings of glulam beams and columns.  The adoption of limit states 

design to replace working stress design along with advances in our knowledge of the structural 

performance of wood at high temperatures had brought the validity of these expressions into question.  

Furthermore, the NBCC gives no guidance for calculating the ratings of glulam members loaded in 

tension.  To address these shortcomings, Ms. Simpson developed a computer model to predict the fire-

resistance ratings of glulam members loaded in compression, bending or tension.  Her model treats the 

charring of wood and degradation of strength of wood at elevated temperatures in a more rigorous fashion 

than was possible in the 1970s.  Furthermore, her model is based on more modern structural engineering 

principles built around limit states design.  Since the 1970s, numerous fire-resistance tests have been 

conducted on glulam members and the new data proved useful in validating her computer model.  She 

also developed a set of algebraic models to predict the fire-resistance ratings of glulam members loaded in 

compression, bending or tension.  These algebraic models make better predictions than those currently in 

the NBCC.  Furthermore, they require as input only the factored load, cross-sectional dimensions prior to 

fire exposure and specified material strength provided by CSA O86-01, all of which are readily available 

to a designer.  It is not possible to propose adoption of the models in the NBCC until a complete statistical 

analysis is undertaken.  This is because there are a number of sources of uncertainty in the test data and 

model parameters that need to be assessed.  Sources of uncertainty include:   

• Uncertainty in the test data employed in model validation.  Differences of 30% in the measured fire-

resistance ratings in repeat tests on identical specimens are not uncommon.   

• Paucity of test data.  Although there were test data available for 63 columns, test results were found 

for only seven beams and three tension members.   

• Uncertainty in material properties employed in modelling the performance of test specimens.  For 

some specimens the species, moisture content and/or specific gravity were not recorded. 

• Uncertainty in the rate of charring of glulam.  The source of the variability reported in the literature is 

poorly understood. 

To assess the impact of such uncertainties it would be useful to conduct further testing on well 

documented specimens.  Given the statistical variance encountered in wood products and fire scenarios, it 
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is also advisable to develop a reliability-based formulation of the structural behaviour of wood under fire.  

This would be a major undertaking and something a future student could do.   

 

5.3.4 Instrumentation for Carleton University’s new Fire Research Facility 

Carleton University’s new Fire Research Facility has a tunnel in which transportation vehicles or small 

wooden structures can be burned.  Smoke from a burning object in the tunnel is channelled into an 

exhaust duct with large cross section.  From measurements of smoke, temperature and velocity as well as 

concentrations of O2, CO2 and CO in the duct, the rate of heat release of a burning object can be 

computed.  Due to the expense involved with measuring these quantities, measurements in the duct can 

only be taken at a small number of locations.  To fulfill the course requirements for her Ph.D., Ms. Yoon 

Ko completed a directed study project entitled “CFD Study of a New Tunnel Facility” under the 

supervision of Dr. Mehaffey.  The aim of the project was to propose an arrangement of instrumentation 

involving as few measurement probes as possible that could nonetheless yield accurate assessments of the 

heat release rates of objects burning in the tunnel.  To accomplish this, a computational fluid dynamics 

model called FDS (Fire Dynamics Simulator) was employed to simulate the burning of a variety of 

objects and to characterise the resultant velocity and temperature profiles of smoke in the tunnel and 

exhaust duct.  The instrumentation layout proposed by Ms. Ko was to be tested by another student by 

burning several objects whose heat release rates are well documented.   

 

5.3.5 Exhausting Smoke from an atrium 

Ms. Jian Zhou, a M.A.Sc. candidate studying under the supervision of Prof. Hadjisophocleous, 

successfully defend her thesis entitled “Evaluation of Atrium Smoke Exhaust Make-Up Air Velocity”.  

Dr. Mehaffey was a member of her examination committee.  While atria provide an attractive, naturally 

lit indoor space, in the event of a fire they become a potential route for smoke spread to adjoining floor 

spaces.  Smoke management systems employ fans near the ceilings of atria to exhaust smoke sufficiently 

quickly that it does not drop to a dangerous level.  While smoke is exhausted from the upper part of an 

atrium, fresh (make-up) air must be provided in lower parts to ensure pressure stabilisation.  Ms. Zhou 

employed a computational fluid dynamics model to study the impact of the velocity of entry of this make-

up air on smoke plume trajectories.  She found that high velocities of the make-up air cause a change in 

the shape of the smoke plume that causes unusually rapid smoke filling of an atrium.  She established 

velocity criteria that prevent such problems.   

 

5.3.6 Other student projects 

In addition to the completed student projects listed above, Dr. Mehaffey assisted in the supervision of the 

following student projects which had not yet been completed: 

• Mr. Ning Wang was developing a model for predicting the time-dependent probability of failure of 

wood-frame assemblies when subjected to fire.   

• Mr. Zhengrong Chen was developing design fires for motels and hotels.   

• S.T. Craft, an FPInnovations employee, was developing a finite-element model to predict the thermal 

response of a wood-frame floor assembly exposed to fire.   

• Mr. Mou Xin was applying fire-risk assessment techniques to case studies.  His work employed 

CUrisk, the fire-risk assessment model developed in the Chair’s first term. 

• Mr. Lei Peng, was undertaking an experimental and theoretical study of the fire performance of 

various types of connections for heavy timber.   

• Ms. Ling Lu was developing a finite-element model to predict the structural response of a wood-

frame floor assembly exposed to fire.   
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5.4 Progress in 2007-2008 

5.4.1 Smoke movement in multi-storey buildings 

In January, Yan Wang defended her M.A.Sc. thesis entitled “A Study of Smoke Movement in Multi-

storey Buildings Using Experiments and Computer Modelling”.  For fires within multi-compartment and 

multi-storey buildings, smoke is the main threat to life as it contains toxic products of combustion and 

reduces visibility.  Consequently, in undertaking engineering analyses of building fires, it is important to 

be able to model smoke generation and smoke transport accurately.  To generate realistic smoke 

movement data for model validation, Ms. Wang conducted ten full-scale experiments including four fuel-

package fires and six propane fires representative of non-residential occupancies.  The experiments were 

performed at the National Research Council’s 10-storey tower in Almonte, Ontario.  She then modelled 

the transport of heat and smoke during these fires using the two-zone multi-compartment model, 

CUsmoke which was developed at Carleton University.  Comparisons between the CUsmoke predictions 

and the experimental data demonstrated that the model is capable of predicting smoke movement in 

multi-compartment, multi-storey buildings well, although some minor refinements are needed to model 

smoke movement in stairwells.  Dr. Mehaffey was a member of her research and examination 

committees. 

 

5.4.2 Other student projects 

In addition to the completed student projects listed above, Dr. Mehaffey assisted in the supervision of the 

following student projects which had not yet been completed: 

• Mr. Ning Wang was developing a model for predicting the time-dependent probability of failure of 

wood-frame assemblies when subjected to fire.   

• Mr. Zhengrong Chen was developing design fires for motels and hotels.   

• S.T. Craft, an FPInnovations employee, was developing a finite-element model to predict the thermal 

response of a wood-frame floor assembly exposed to fire.   

• Mr. Mou Xin was applying fire-risk assessment techniques to case studies.  His work employed 

CUrisk, the fire-risk assessment model developed in the Chair’s first term. 

• Mr. Lei Peng, was undertaking an experimental and theoretical study of the fire performance of 

various types of connections for heavy timber.   

• Ms. Ling Lu was developing a finite-element model to predict the structural response of a wood-

frame floor assembly exposed to fire.   

• Mr. Hao Cheng was developing models to predict whether and at what rate fire spreads within 

buildings and between buildings. 

 

5.5 Progress in 2008-2009 

5.5.1 Time-dependent probability of failure of wood-frame assemblies 

Mr. Ning Wang successfully defended his M.A.Sc. thesis entitled “Prediction of Heat Transfer and 

Probability of Insulation Failure in Wood-frame Walls”.  Several years ago FPInnovations had developed 

the computer model WALL2D to predict heat transfer through gypsum-board protected wood-stud walls 

exposed in the standard fire-resistance test.  Of the several predictions made by WALL2D, one of the 

most important is the time to insulation failure which is the time at which the temperature on the 

unexposed side of a wall reaches 160°C.  At this point it is assumed that the wall can no longer be 

depended upon to prevent the spread of fire to neighbouring compartments.  WALL2D’s predictions for 

the time to insulation failure compared favourably with measurements taken during standard fire-
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resistance tests.  However, this was so in part because the components of the wall assemblies had been 

well characterised before the fire tests where run.  There is, however, considerable spread in the literature 

of the thermo-physical properties of gypsum board and wood studs at elevated temperatures.  There is 

therefore uncertainty as to what properties might prevail for any given assembly.  In recognition of this 

fact, Mr. Wang employed the Monte Carlo Method to sample the impact of the variability of the thermal 

properties of gypsum board and wood and, ultimately, to calculate the time-dependent probability of 

insulation failure of the assemblies when subjected to the standard time-temperature curve.  This is an 

important component of the fire-risk model CUrisk for non-residential buildings that has been developed 

at Carleton University.   

 

5.5.2 Design fires for motels and hotels 

Mr. Zhengrong Chen successfully defended his M.A.Sc. thesis on design fires for motels and hotels.   He 

undertook a survey of guest rooms in 10 motels and 12 hotels.  He measured the floor area, window area, 

percentage of floor area covered by furnishings, and the fire load density in close to 100 rooms.  The 

hotels/motels were divided into three categories: standard hotels; luxury hotels; and hotel suites. The 

guest rooms were further sub-divided into bedrooms with one bed or two beds; living rooms; and 

bedrooms plus living rooms without doors between. The mean values of the moveable fire load density 

were 383 MJ/m
2
, and the mean values of the total (moveable plus fixed) fire load density were 535 

MJ/m
2
.  Two full-scale fire tests were conducted on fully furnished hotel bedrooms: The first with one 

double bed and the second with two single beds.  Design fire curves were then developed for input to 

performance-based design.  Mr. Chen research nicely complements the Ph.D. research undertaken by Dr. 

Zalok 2004-2007 in which he developed design fires for commercial premises (primarily retail stores).   

Design fires are an important starting point for any performance-based assessment including those 

undertaken using CUrisk.   

 

5.5.3 Thermal response of a wood-frame floor assembly exposed to fire 

On March 26, S.T. Craft successfully defended his Ph.D. thesis entitled “CUWoodFrame – A Heat and 

Mass Transfer Model for Light-frame Wood Floors Exposed to Fire”.   Dr. Mehaffey was a member of 

the research committee overseeing his thesis work and also a member of the examination committee.  Mr. 

Craft developed the computer model CUWoodFrame which models heat and mass transfer in both 

gypsum board and wood in order to predict the thermal response of a wood-frame floor assembly exposed 

to fire.  Both volatile pyrolysis products in wood and water vapour in wood and gypsum board were 

considered in the mass transfer analysis. Calcination of gypsum board and pyrolysis of wood were 

modelled using Arrhenius expressions.  The evaporation of water was modelled assuming the partial 

pressure of water was equal to the equilibrium vapour pressure.  The gas in the cavity was assumed to be 

fully transparent, allowing radiant heat transfer between all surfaces in the cavity, thus leaving convective 

heat transfer to heat the gas inside the cavity.  The predictions of CUWoodFrame were found to agree 

well with the results of two medium-scale and two full-scale fire-resistance tests.  Mr. Craft presented the 

results of his research in a paper entitled “Modelling Heat and Mass Transfer in Wood-frame Floor 

Assemblies Exposed to Fire” at the 9th International Symposium on Fire Safety Science held in Karlsruhe, 

Germany.  
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5.5.4 Other student projects 

In addition to the completed student projects listed above, Dr. Mehaffey assisted in the supervision of the 

following student projects which had not yet been completed: 

• Mr. William Kuffner was undertaking an experimental and theoretical study of optimal smoke 

detector spacings in high ceiling occupancies.  

• Mr. Mou Xin was applying fire-risk assessment techniques to case studies.  His work employed 

CUrisk, the fire-risk assessment model developed in the Chair’s first term. 

• Mr. Lei Peng, was undertaking an experimental and theoretical study of the fire performance of 

various types of connections for heavy timber.   

• Ms. Ling Lu was developing a finite-element model to predict the structural response of a wood-

frame floor assembly exposed to fire.   

• Mr. Hao Cheng was developing models to predict whether and a what rate fire spreads within 

buildings and between buildings. 

 

5.6 Progress in 2009-2010 

5.6.1 Optimal smoke detector spacing 

On April 9, Mr. William Kuffner successfully defended his M.A.Sc. thesis entitled “Method of 

Determining Smoke Detector Spacing in High Ceiling Applications”.  Simple design tools for the 

installation of smoke detectors in commercial spaces with ceilings more than 3.6 m above the floor do not 

exist due to the complexity in accurately estimating smoke densities in the early stages of fire growth 

(when smoke detectors are expected to operate) and due to a lack of knowledge of smoke detector 

activation characteristics.  Mr. Kuffner undertook experimental and theoretical research to study smoke 

movement and smoke detector activation in such facilities.  A suspended ceiling apparatus was constructed 

at the Carleton University Fire Research Facility to document the performance of commercially available 

smoke detectors as a function of ceiling height for small fires (100 to 1000 kW).  He compared the 

predictions of two algebraic models, a two-zone model (CFAST) and a computational fluid dynamics 

model (FDS) with the results of the experiments conducted with ceilings 3 to 21 m above the fire source.  

The output of his work was a set of recommendations on the use of such models for the determination of 

optimal smoke detector spacing in high ceiling applications.  Dr. Mehaffey was a member of the 

Examining Board for Mr. Kuffner’s thesis defence.  

 

5.6.2 Application of fire-risk assessment techniques to a case study 

On October 6, Mou Xin successfully defended his M.A.Sc. thesis entitled “Quantitative Fire Risk 

Analysis Case Study Using CUrisk”.  Dr. Mehaffey was a member of his Research Committee and his 

Examination Committee.  Mr. Mou employed CUrisk, a computer model developed at Carleton 

University, to undertake a fire risk assessment case study of a four-storey multi-use wood-frame building 

whose design was based on an existing building in Ottawa.  CUrisk calculates the expected-risk-to-life 

due to fire and the fire-cost-expectation over the lifetime of a building.  It accounts for the probability of 

initiation of fire, the subsequent performance of fire protection features and the actions of occupants as 

they evacuate.  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.  The point of initiation of the fire in the building 

was varied from simulation to simulation within CUrisk in accordance with established statistical data on 

the point of fire origin.  A relative risk comparison approach was used to identify the most cost-effective 

design option among eight different design options.  These eight design options involved different 
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combinations of the following active fire protection systems: sprinklers, smoke detectors and central 

alarm systems.  The simulation results were examined using past engineering experience and comparisons 

with statistical data. 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.   

 

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. 

 

5.6.3 Fire loads in computer rooms 

Kasey Plante, an M.Eng. student studying under the supervision of Prof Hadjisophocleous has completed 

his M.Eng. project report entitled A Pilot Survey of Fire Loads in Server and Computer Rooms.  Mr. 

Plante visited randomly selected computer and server rooms in order to list their contents and physical 

characteristics.  The main objective was to determine the fire load density (i.e., the combustible load per 

unit floor area) in such facilities.  A total of 20 rooms were surveyed: 7 server rooms and 14 computer 

rooms.  For server rooms, the average fire load density (fixed plus moveable) was found to be 338.8 MJ 

m
-2
 with the moveable component being 126.4 MJ m

-2
.  In computer rooms the corresponding findings 

were higher at 624.5 MJ m
-2
 and 187.8 MJ m

-2
, respectively.  Characterising the fire load density of a 

facility is the first step in developing appropriate design fires.  The survey results complement earlier 

work done by other students for commercial premises, and for hotels and motels.  Dr. Mehaffey was one 

of the graders of Mr. Plante’s Report. 

 

5.6.4 Heat release rate measurements 

On August 25, Richard Michels defended his M.A.Sc. thesis “Development and Calibration of a Heat 

Release Rate Measurement System for an Experimental Atrium”.  Dr. Mehaffey was a member of Mr. 

Michels’ Examination Committee.  His thesis was so well-received that the Department has nominated 

him for a Senate Medal.  The subject of his thesis is of major importance for the fire research community.  

Carleton University’s new Fire Research Facility comprises a burn hall, a ten-story atrium and a tunnel.  

Each of these is designed to undertake fire experiments on a large scale.  The atrium and tunnel are 

unique facilities unmatched in North America.  The most important property of a fire in an atrium or 

tunnel is its heat release rate (HRR).  If the HRR is known, computer models can be used to predict the 

temperature and spread of smoke throughout an experimental facility or throughout similar structures in 

the real world.  Although important to measure, it is extremely difficult to do on such a large scale.  It 

requires accurate measurements of the oxygen consumed and carbon dioxide generated during 

combustion, and these can only be determined by judicious placement of numerous probes.  Mr. Michels’ 

research, which entailed experiments and detailed computer modelling, identified the best arrangement 

(fewest probes) for making these critical measurements in the exhaust duct serving both the atrium and 

the tunnel.  Validation experiments, conducted with gases and liquids with known HRRs, demonstrated 

the accuracy of his methodology. 

 

5.6.5 Fire performance of heavy timber connections   

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 under the supervision of 

Prof. Hadjisophocleous, Dr. Mehaffey and Dr. Mohammad.  He is currently writing his thesis and 

anticipates defending it in April or May.  
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Although guidance is available to aid in the design of glulam structural elements that achieve the fire-

resistance ratings prescribed in the National Building Code of Canada (NBCC), there is little guidance 

available on how to select connections to ensure that a structure achieves the required rating.  This is 

disconcerting because connections are the weakest link in a timber structure exposed to fire.   

 

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.  Parameters investigated included the applied load, bolt 

end distance, bolt diameter, number of bolts, spacing between bolts and thickness of glulam.  The testing 

was conducted in a newly-constructed medium-scale fire-resistance furnace at Carleton University’s Fire 

Research Facility.  The furnace has interior dimensions of 2.7 m by 2.7 m by 2.2 m and is capable of 

testing timber connections loaded in tension while exposed to a variety of fire environments, including the 

standard ISO-fire exposure. 

 

Mr. Peng 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.  He has developed a mechanical model of timber connections to predict the load-

carrying capacity of the connections at the elevated temperatures predicted by the heat transfer model.  

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.  Validation of the heat transfer model, the mechanical model and 

the algebraic fire-resistance formula was achieved by comparing predicted performance with the 

experimental results.  

 

Mr. Peng has documented his progress in two papers: one presented at the Annual Conference of the 

Canadian Society for Civil Engineering, June 10-13, 2008 in Quebec City; and the other accepted for 

publication in Fire Technology.  Details of these papers can be found in the Publication List at the end of 

this report.    

 

He also has recently taken the lead in writing a paper entitled “Fire Resistance Performance of 

Unprotected Wood-Wood-Wood and Wood-Steel-Wood Connections: A Literature Review and New 

Data Correlations”.  The paper which is co-authored with G. Hadjisophocleous, J.R. Mehaffey, and M. 

Mohammad has been accepted for publication in the Fire Safety Journal.  The paper reviews fire-

resistance tests conducted on double shear timber connections, including wood-wood-wood connections 

with nails, bolts and dowels and wood-steel-wood connections with bolts and dowels.  The literature data 

were compared with the predictions of Mr. Peng’s simple algebraic model and good agreement between 

the model predictions and experimental results was found. 

 

5.6.6 Fire spread within and between buildings 

Hao Cheng, a Ph.D. candidate at Carleton University, is looking at fire spread between buildings (spatial 

separation issues) and fire spread within buildings.  Dr. Mehaffey is a member of the committee 

overseeing the research conducted by Mr. Hao Cheng, a Ph.D. candidate.   

 

There have been a number of serious fires in Canada recently in which fire spread from one wood-frame 

building resulting in the destruction of several others.  In part, this has arisen because of the proximity of 

buildings in modern housing developments.  Mr. Cheng is undertaking theoretical and experimental 

research aimed to develop guidelines for establishing safe spatial separations between buildings.  The 

experimental phase of the work has been completed.  A 4.8 m x 4.8 m wood-frame wall was constructed 

with non-combustible exterior cladding and exposed to radiant fluxes from fires set in NRC’s 3-storey 
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research facility.  Heat fluxes were measured at key locations on the exposed surface and an infrared 

camera provided a mapping of the temperatures on the wall surface.  The variables explored included the 

spatial separation between the wall and the 3-storey facility (three different separations were used); the 

size and orientation of windows in the 3-storey facility (three different window configurations were 

explored); and the type of fuel (two different fuels were used: propane and wood).  The theoretical 

component of his research has also been completed.  He has developed a model to predict the radiant heat 

flux received by a neighbouring building when the size and shape of flames issuing through a window in 

a burning building are known.  He has also developed the requisite model that predicts the size, shape and 

emissivity of flames issuing through windows from knowledge of the geometry of a building and its 

windows, and the nature of the fire burning within it.  Ultimately, Mr. Cheng’s models can predict safe 

spatial separations between wood-frame buildings.  He is currently writing a paper summarising the 

results of this study for submission to the journal Fire Technology for publication. 

 

A paper addressing spread within buildings (as opposed to between buildings) and entitled “The modeling 

of fire spread in buildings by Bayesian network” written by H. Cheng and G. Hadjisophocleous has been 

published in the Fire Safety Journal.  In this paper a fire spread model is proposed to predict fire spread 

from a compartment involved in fire to another compartment.  Using this model sequentially, the 

probability of fire spread throughout a building can be calculated.  The paper describes a specific 

application for an office building without sprinklers and one with sprinklers installed. 

 

Mr. Cheng will commence the writing of his Ph.D. thesis in April and intends to defend it during the late 

summer or early fall. 

 

5.6.7 Structural response of wood-frame floors exposed to fire 

J.R. Mehaffey is a member of the committee overseeing the research conducted by Ms. Ling Lu, a Ph.D. 

candidate and now an employee of FPInnovations.  She is developing a finite-element model to predict 

the structural response of a wood-frame floor assembly exposed to fire from below.  Progress in this 

project is being summarised in the report for CFS No. 07.  
 

5.6.8 Thermal conductivity of gypsum board 

Mr. Rupinder Singh Tathgar, an M.Eng. student, is undertaking a directed studies project aimed at 

measuring the thermal conductivity of fire-rated gypsum board as a function of temperature.  Wood-frame 

assemblies derive most of their fire-resistance rating from the fire-rated gypsum board; however, the 

thermal conductivity of gypsum board at elevated temperatures is poorly documented.  This was noted in 

2008-09 by both Steve Craft when predicting the time to failure of wood-joist floors exposed to fire and 

Ning Wang when predicting the time to failure of wood-stud walls exposed to fire.  The National 

Research Council (NRC) has recently purchased a new apparatus for measuring the thermal conductivity 

of building products at elevated temperatures.  Mr. Tathgar has been trained on how to use the apparatus 

and has nearly completed the testing of several fire-rated gypsum board products.  His work is being 

supervised by Dr. Noureddine Bénichou (NRC), Prof Ehab Zalok (Carleton U.) and Dr. Mehaffey. 

 

5.6.9 Upholstered furniture fires 

In 2001, FPInnovations conducted six fire tests in fully-furnished wood-frame houses in Kemano, BC.  In 

the intervening years several students have employed computer models to analyse these fires with varying 

degrees of success.  Lindsay Osborne, an M.A.Sc. candidate, is currently undertaking her thesis research 

on the fire performance of upholstered furniture.  Fires that start in upholstered furniture are the most 

deadly residential fires.  In all of the Kemano fires, either upholstered furniture or mattresses were the 
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first item ignited.  She is planning to use published data on the early growth rates of fires involving 

upholstered furniture as input to a computational fluid dynamics model (FDS or Fire Dynamics 

Simulator).  The ultimate goal is to determine whether this advanced tool (FDS) is better able to model 

the outcome of the Kemano fires than the zone models CFAST and CUsmoke.   

 

5.6.10 Fire protection of historical monuments 

Mr. Kyriacos Kyriakides, a Ph.D. student, is simulating the fire performance of Franco-Byzantine 

churches.  Such churches are common in Cyprus and are of significant importance from a heritage point 

of view.  To do this work he will have to determine typical fire loads in these churches in order to 

construct a design fire.  He will also need to experimentally determine the thermo-mechanical and 

thermo-physical properties of limestone and mortar.  Finally he will incorporate the new material 

properties into coupled heat transfer and structural models to simulate the structural behaviour of a church 

under fire attack. 

 

 

6 Conclusions 
This project was created in 2004-2005 to capitalise on the opportunity to supervise student projects that 

would further FPInnovations’ fire research goals.  While the initial completion date for this project was 

March 2005, it was agreed that if it paid dividends, the project would be extended indefinitely.  As it turns 

out, the project was extended year after year until 2009-2010.  All of the projects reported herein were the 

result of collaborative research with faculty at Carleton University; most notably, with the NSERC Chair 

in Fire Safety Engineering (Prof. George Hadjisophocleous).  In fact, by 2009-2010, it was becoming 

evident that student projects supervised through this project were, for the most part, deliverables in the 

Chair’s research program.  Consequently a decision has been taken to close this project in order to merge 

it with another CFS project (CFS No 06) that provides collaborative support to the Chair.  This work will 

continue under the project name “Support for Fire Safety Design Tools and Research” in 2010/11. 

 

During the six-year term of this project significant progress has been made through collaboration with 

students.  Much of that progress had led to improvements in CUrisk, the fire risk model for wood-frame 

buildings developed at Carleton University.  A brief summary of some of that progress follows: 

• Mathematical models have been constructed for design fires that are suitable for use in CUrisk.  

A design fire is one that represents a severe, but credible challenge to the fire protection features 

in a building.  Design fires have been developed for commercial establishments (restaurants, 

shops, etc.), and for hotels or motels.  Preliminary work has been completed for computer rooms. 

• Much progress had been made in modelling the performance of wood-frame floors and walls 

exposed to any (design) fire.  When imported into CUrisk, these models can predict whether 

wood-frame assemblies can perform their structural and/or containment roles while occupants are 

evacuating from a building on fire. 

• Progress has also been made in modelling fire and smoke spread within a building.  In the event 

that a wood-frame assembly fails or an internal door burns through, CUrisk predicts the advance 

of fire and smoke within a building.   

• CUrisk has been successfully employed to undertake a fire-risk assessment of a four-storey, 

multi-use wood-frame building.   
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Much work has also been done to model the performance of glulam structures including the connections 

between glulam members when exposed to fire.  As taller and larger area buildings are envisioned, it will 

often be the case that wood-frame construction will be replaced (or supplemented) by heavy-timber 

construction using glulam members.   

 

There has been, moreover, an important spin-off for the Canadian wood industry resulting from involving 

students in FPInnovations’ fire research.  Steve Craft and Ling Lu, both of whom were Ph.D. students 

studying under Prof Hadjisophocleous, have been hired to work at FPInnovations in the fire research 

group in Ottawa.  Lei Peng, another of the Chair’s Ph.D. students has been hired to work for 

FPInnovations in China on fire safety issues related to wood construction.   

 

 

7 Publications 
A list of student publications written over the period of this project follows.  The entries are in 

chronological order (rather than alphabetical order) to facilitate comparison with the text of this report. 

 

Al-Duailej, M.H. 2004. Modeling the impact of wall loading on fire resistance ratings. Directed Studies 

Report.  Department of Civil and Environmental Engineering, Carleton University, Ottawa. 

 

Al-Duailej, M.H. 2005. The Ability of Computer Models to Predict the Course of Fire in a Furnished 

House.  Directed Studies Report.  Department of Civil and Environmental Engineering, Carleton 

University, Ottawa. 

 

Al-Duailej, M.H. 2005. Analysis of Six Fire Experiments Conducted at Kemano Village (BC) by Forintek 

Canada Corp. in 2001”.  M.Eng. Report. Department of Civil and Environmental Engineering, 

Carleton University, Ottawa. 

 

Craft, S.T. 2005. Modelling the Thermal Degradation of Gypsum Board and Wood using TGA. Directed 

Studies Report.  Department of Civil and Environmental Engineering, Carleton University, Ottawa. 

 

Craft, S.T., Mehaffey, J.R., Hadjisophocleous, G.V. and Isgor, B. 2005.  Fire Response of Gypsum Board 

and Wood Framing.  A Poster.  Fire Safety Science – Proceedings of the 8
th
 International Symposium.  

p.1612.   

 

Craft, S.T., Hadjisophocleous, G.V., Isgor, B. and Mehaffey, J.R. 2006.  Predicting the Fire Resistance of 

Light-Frame Wood Floor Assemblies.  Proceedings of the 4
th
 International Workshop on Structures in 

Fire, SiF’06, May 10-12. University of Aveiro in Portugal.   

 

Zalok, E. 2006. Design Fires in Commercial Premises. Ph.D. Thesis. Department of Civil and 

Environmental Engineering, Carleton University, Ottawa. 

 

Zalok, E., Hadjisophocleous, G. and Mehaffey, J.R. 2006. Fire Loads in Commercial Premises. Fire and 
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of Civil and Environmental Engineering, Carleton University, Ottawa.  
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Simpson, L. 2006. Predicting the Failure Times of Glulam Members Exposed to Fire.  M.A.Sc. Thesis, 

Department of Civil and Environmental Engineering, Carleton University, Ottawa.  
 

Ko, Y. 2006. CFD Study of a New Tunnel Facility. Directed Studies Report, Department of Civil and 

Environmental Engineering, Carleton University, Ottawa. 
 

Zhou, J. 2006. Evaluation of Atrium Smoke Exhaust Make-Up Air Velocity. M.A.Sc. Thesis, Department 

of Civil and Environmental Engineering, Carleton University, Ottawa. 
 

Wang, Y. 2007. A Study of Smoke Movement in Multi-storey Buildings Using Experiments and 

Computer Modelling. M.A.Sc. Thesis, Department of Civil and Environmental Engineering, Carleton 

University, Ottawa. 
 

Wang, N. 2008. Prediction of Heat Transfer and Probability of Insulation Failure in Wood-frame Walls”.  

M.A.Sc. Thesis, Department of Civil and Environmental Engineering, Carleton University, Ottawa. 
 

Chen, Z. 2008. Design fires for motels and hotels. M.A.Sc. Thesis, Department of Civil and 

Environmental Engineering, Carleton University, Ottawa. 
 

Craft, S.T., Isgor, B., Mehaffey, J.R. and Hadjisophocleous, G.V., 2008. Modelling Heat and Mass 

Transfer in Wood-frame Floor Assemblies Exposed to Fire. Proceedings of the Ninth International 

Symposium – Fire Safety Science, September 21
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 – 26

th
, Karlsruhe, Germany. 

 

Craft, S.T.  2009.  CUWoodFrame – A Heat and Mass Transfer Model for Light-frame Wood Floors 

Exposed to Fire.  Ph.D. Thesis, Carleton University. 
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