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Abstract 

This project follows the second term of the NSERC Industrial Research Chair in Fire Safety Engineering. 

This project enables FPInnovations’ fire scientists to assist the Chair in carrying out his research program. 

The general aim of the research is to fine-tune the engineering tools developed in the first five-year term 

to be applicable to specific occupancies. The assistance provided includes supervising graduate students, 

helping to deliver the academic requirements by teaching courses and providing general direction on 

behalf of the industry. A proposal for a third term of the Industrial Research Chair in Fire Safety 

Engineering has been developed in cooperation with the chair and will be submitted to NSERC.  

In addition to the Industrial Research Chair’s activities, FPInnovations’ fire scientists have participated in 

the NSERC NEWBuildS Network activities by participating on the Scientific Steering Committee and 

acting as theses supervisors on a number of student projects.  
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1 Objectives 
This project has the following three objectives: 

 

 Expand markets and extend wood use through technology by utilising fire research results to 

address market access issues faced by the Canadian wood industry at home and abroad. 

 

 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 FPInnovations’ 

fire research program. 

 

 Enable market access for wood products by fine-tuning the engineering tools for design of fire-

safe non-residential wood-frame buildings developed in the first five-year term of the NSERC 

Chair in Fire Safety Engineering to be applicable to specific occupancies such as hotels and 

motels, retail stores, open-plan office buildings, churches and warehouses. 

 

2 Introduction 
This project merges two previously existing projects, namely “Support for Fire Research Studies by 

Engineering Students” and “Enhanced Fire Safety Design Tools for Non-residential Buildings” (CFS 

No.5 and No.6). Both projects included working with the NSERC Industrial Chair in Fire Safety 

Engineering at Carleton in delivery of the research and academic programs, and working directly with 

students within the program.  

Concerns about fire safety often cause designers, owners or insurers to avoid the use of wood in non-

residential applications even when building codes permit wood. The adoption of performance-based 

codes is expected to eliminate the biases against wood that are inherent in prescriptive codes. However, in 

order to take full advantage of the introduction of performance-based codes, it is necessary to develop 

design tools to aid in the design and assessment of fire-safe non-residential wood-frame buildings. 

FPInnovations spearheaded an effort to establish an NSERC Industrial Research Chair in Fire Safety 

Engineering at Carleton University. During the five-year term of the Chair, which ended December 31, 

2005, significant progress was made towards developing a comprehensive system model for performing 

fire hazard and fire risk evaluations on four-storey wood-frame commercial buildings. 

 

This project follows the second term of the NSERC Chair’s research program and enables FPInnovations’ 

fire scientists to assist the Chair in carrying out his research program. The general aim of the research is to 

fine-tune the engineering tools developed in the first five-year term to be applicable to specific 

occupancies. The overall objectives of the proposed research program are to: 

 develop design fires anticipated in wood-frame hotels and motels, retail stores, open-plan office 

buildings, churches and warehouses; 

 complete the remaining sub-models (for example, the thermal and structural response model under 

development by Steve Craft and Ling Lu – CFS No. 9) and integrate them in the risk model; 

 carry out experiments for the validation of the fire growth and smoke movement model and the 

structural model; 

 demonstrate the application of the fire risk model using real building case studies; 

 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; 
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 develop a user-friendly interface for the fire risk model to facilitate data input and visualization of 

results. 

 

Within this project, FPInnovations fire scientists work closely with George Hadjisophocleous, the Chair 

of the Fire Safety Engineering program and Ehab Zalok a Professor in the Fire Safety Engineering 

program at Carleton University. 

 

 

3 Staff 
Richard Desjardin, Manager 

Steven Craft, Senior Research Scientist 

 

 

4 Summary of Activities – Industrial Chair in Fire Safety 
Engineering 
 

4.1 Courses Offered 

 

4.1.1 Wood Structures and Fire 

S.T. Craft developed and delivered a new graduate course at Carleton University titled “Wood Structures 

and Fire”. This course is one of seven courses offered under the NSERC Industrial Chair in Fire Safety 

Engineering. A total of 25 students from Carleton University and the University of Ottawa took the 

course. Through this course, the students learned how to design fire safe wood structures. A course 

outline is included in Appendix I. 

 

4.1.2 Carleton Fire Safety Engineering Short Course 

Due to the success of its short courses for practitioners, Introduction to Fire Safety Engineering (2003), 

Engineered Fire Safety Systems (2004), Fire and Explosion Investigations (2005), Fire Hazard, Risk 

Analysis and Risk Management (2006), Fire Dynamics Simulator and Smokeview (2007), Performance-

based Fire-Safety Design (2008) and Response of Materials and Structures to Fires (2009) Carleton 

University offered an eighth short course entitled Smoke Control and Smoke Management May 26 - 28, 

2010. There were 72 attendees including fire safety engineers; building officials; fire prevention officers; 

code developers; and students in fire safety programs. The course addressed the design for smoke 

management in large area and/or tall buildings. It covered the basic theories of smoke movement in 

buildings as well as the codes and standards governing the provision of smoke management systems in 

buildings. Emphasis was given to the strategies that can be used to manage the movement of smoke in 

buildings. Several case studies were presented by practicing engineers to elucidate key principles in the 

design of smoke management systems. During the short course, J.R. Mehaffey delivered a lecture entitled 

“Fundamentals of Smoke Movement” and was the moderator for a panel discussion.  
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4.2 Students  

4.2.1 Lei Peng 

On May 25, Lei Peng successfully defended his PhD thesis entitled “Performance of Heavy Timber 

Connections in Fire”. J.R. Mehaffey was a member of his examination committee. His thesis described 

his theoretical and experimental investigations into the fire performance of heavy timber connections 

loaded in tension. He conducted 20 fire tests in which bolted connections with a steel plate embedded 

within two abutting glulam beams were loaded in tension. He also undertook 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 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. Below is a copy of the theses abstract: 

 

“In heavy timber construction, connections using bolts, dowels and steel plates are widely used to 

assemble wood components and transfer loads. From the fire safety point of view, understanding the fire 

performance of heavy timber connections is particularly important because they are recognized as the 

weakest link in heavy timber buildings under fire attack. Due to the variety of connection types, 

geometries and fastener arrangements, and the significant variability in the properties of wood and steel 

at elevated temperatures, the analysis of the fire performance of timber connections is complex. 

 

The experimental part of this research consisted of a series of fire-resistance tests conducted in 

compliance with CAN/ULC-S101 for wood-steel-wood (WSW) and steel wood-steel (SWS) bolted timber 

connections loaded in tension. The effects of wood side member thickness, fastener diameter, number of 

fasteners, edge distance, load level and type of protection were studied. Results showed that the fire 

resistances of all tested WSW bolted connections with no protection were less than 45 minutes and the 

fire resistances of all tested SWS bolted connections with no protection were less than 25 minutes. 

Specimens with thicker wood side members were found to exhibit better fire resistances. Decreasing the 

load ratio increased the fire resistance. The results of tests on protected specimens showed that the 

protection provided by a single-layer of 15.9 mm type X gypsum board increased the fire resistance by 

more than 30 minutes, whereas a double-layer of 12.7 mm Douglas fir plywood increased the fire 

resistance by 15 minutes. 

 

The modelling part of this research included a three-dimensional finite-element heat transfer model and 

an analytical structural model for the fire resistance of timber connections. Comparison with test data 

generated in the experimental program indicated that both thermal and structural models show 

reasonable agreement with the measured specimen temperatures and fire resistances of the timber 

connections.  

 

Furthermore, the third part of this research is devoted to developing simplified calculation methods for 

wood-wood-wood and wood-steel-wood connections using bolts or dowels, and bolted steel-wood-steel 

connections. Test data found in the literature and the test results generated in this research were used to 

develop the simplified calculation methods. Comparison between the predictions using the simplified 

calculation methods and the measured results in fire-resistance tests or modelled results using the heat 

transfer model and the analytical structural model, shows that the predictions for wood-wood-wood  

and wood-steel-wood connections are almost always within a ±15% envelope, and the predictions for 

steel-wood-steel connections are almost always within a ±10% envelope.” 
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During the Sixth International Conference on Structures in Fire which was convened June 2-4 at 

Michigan State University, Lei Peng presented a poster entitled “Fire Resistance of Wood-Steel-Wood 

Bolted Timber Connections” that summarized the findings of his PhD studies. The paper was co-authored 

with Prof. Hadjisophocleous, Dr. Mehaffey and Dr. Mohammad. His poster presentation was awarded the 

Best Poster Award in Track 3: Timber Structures & Fire Safety Engineering and Practice.  

 

4.2.2 Lindsay Osborne 

On December 16, Lindsay Osborne (a term employee at FPInnovations) defended her MASc thesis 

entitled “The effects of floor area and opening area on the development of fires in residential buildings”. 

J.R. Mehaffey was a member of her examination committee. Below is a copy of the theses abstract: 

 

“Upholstered furniture fires are responsible for a significant number of deaths in residential dwellings in 

Canada. How total floor area, total opening area, and flammability of upholstered furniture affect and 

shape the fire growth profile, time to major events, and tenability levels are assessed in this thesis. The 

scope of this project includes computational fluid dynamics modeling (using FDS) of two-storey single-

family detached homes and townhomes focusing on living room and bedroom fires. The resultsshow that 

increasing the amount of opening area in a room results in an increase in peak heat release rates, an 

increase in the time to flashover in detached homes, little or no effect on fire safety device activation, and 

no increase in available safe egress time (ASET) based on tenability criteria.” 

 

4.2.3 Hao Cheng 

On November 11, Hao Cheng defended his PhD Thesis entitled, “Modeling of fire spread in buildings 

and modeling of fire spread from the fire building to adjacent buildings”. J.R. Mehaffey was a member of 

her examination committee. 

 

4.3 Advisory Meeting  

An advisory meeting was held at FPInnovations in Pointe-Claire as part of the Chair’s research program. 

The meeting was held on April 18
th
, 2011 and the progress over the last four years was reviewed. In 

addition, the proposed research plan for a third five year term was presented. The minutes of the meeting 

can be found in Appendix II.   

 

4.4 Proposal for Third Term of NSERC Industrial Chair in Fire Safety Engineering 

S. Craft and J.R. Mehaffey also participated in several meetings addressing funding and program planning 

for the proposed third five-year term of the NSRC Industrial Chair. The long-term objectives of the Chair 

have been slightly modified from the original long-term objectives to reflect the shifting priorities of the 

Canadian wood industry. These are: 

1. to provide the scientific basis on which tools can be developed to cost-effectively design and 

construct fire-safe, timber buildings under performance-based codes,  

2. to train highly skilled individuals who will interact with the University’s engineering and 

architectural groups, and with industry partners and end-users, and  

3. to serve as the hub of a network of educational centres on fire safety design for timber buildings 

throughout Canada. 
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The objectives of the proposed research program are the following: 

 To enhance CUrisk with the addition of new modules and to use it to establish performance 

criteria for use in engineered fire-safety design for life safety. 

 To study the performance of timber connections in standard and realistic fire environments. 

 To study the behaviour of cross-laminated timber (CLT) connections and hybrid connections in 

fire. 

 To compare the fire performance of combustible and non-combustible light-frame construction 

under realistic fire exposures.  

 To evaluate the use of waterspray systems to minimize fire spread to adjacent buildings.  

 

 

5 Summary of Activities – NEWBuildS Network 
 

5.1 Scientific Steering Committee 

A considerable amount of time has been spent by FPInnovations scientists on overseeing the research 

conducted under the NEWBuildS Network. This project captures the time S. Craft has contributed to the 

scientific steering committee and supervising student projects.   

 

5.2 Students  

Four students have recently taken on projects related to the fire performance of wood structures. These 

projects are funded through the NSERC Network NewBuilds.  

- Marc Aguanno is completing a MASc thesis looking at the fire performance of CLT assemblies 

exposed to non-standard fire exposures. 

- Michael Kruszelnicki is completing a MASc thesis with an attempt to rationalize the current 

building code requirements for wood construction as they relate to fire safety. 

- Sabah Ali is completing a PhD thesis looking at the fire performance of connections in hybrid 

construction. 

- Xiao Li is completing a PhD thesis looking at the risk to life and property for mid-rise wood 

buildings. 

- Cameron McGregor is completing a MASc thesis on the impact of CLT construction on design 

fires. 

For each project mentioned above, a detailed project statement is available from S. Craft. 
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Appendix I 
 

Course Outline for Course Titled 

“Wood Structures and Fire” 
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Appendix II 
 

Minutes of the 4th Meeting of the Advisory Group of the 

Industrial Research Chair in Fire Safety Engineering 
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