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SUMMARY

This report describes the progress achieved in the first year of Forintek's five year project on fire resistance 
models for wood-frame assemblies. The work represents part of Forintek's commitment to develop design tools 
that will allow the Canadian wood products industry to benefit from the introduction of performance-based fire- 
safety regulations in Canada in 2001.

A summary is provided of refinements which have been introduced into Forintek's fire-resistance model for 
gypsum-board / wood-stud walls. The refinements allow for improved predictions of the thermal and structural 
response of wood-stud walls exposed to fire. In response to the adoption of stringent acoustic requirements in 
building codes, research directed at the development of a model for insulated walls has been given higher priority 
than originally planned.

l



TABLE OF CONTENTS

Page

SUMMARY................................................................................................................................................i

1.0 OBJECTIVE ......................................................................................................................................1

2.0 INTRODUCTION............................................................................................................................. 1

3.0 STAFF................................................................................................................................................1

4.0 W ORKPLAN..............................  2

5.0 RESULTS AND DISCUSSION ...................................................................................................... 2

5.1 Mathematical Modelling........................................................................................................ 2
5.2 Heat Transfer Model for a Protected Wood T ru ss ................................................................ 4
5.3 Five-year Plan for Fire Resistance ........................................................................................ 4
5.4 Technology Transfer...............................................................................................................5
5.5 Related Developments ...........................................................................................................5

6.0 CONCLUSIONS AND RECOMMENDATIONS .......................................................................... 6

7.0 PUBLICATIONS .............................................................................................................................7



APPENDICES

APPENDIX I - Paper for Conference on Fire Research & Engineering 

APPENDIX II - Canada/Japan Housing Committee: Technical Paper

APPENDIX III - Rebuttal to Newspaper Article in the Vancouver Sun



1.0 OBJECTIVE

The primary objective of this project is to develop and validate mathematical models and design tools for the 
prediction of the fire resistance of wood-frame assemblies.

2.0 INTRODUCTION

Canadian building codes require that fire separations and structural elements exhibit acceptable fire 
resistance when exposed to prescribed fire and structural loads. While the traditional method for 
demonstrating a building element satisfies these requirements relies on fire tests, mathematical models are 
beginning to provide a more flexible and cost-effective alternative.

European building codes are encouraging performance-based design whereby the fire resistance of an 
assembly is assessed for an expected (design) fire exposure and structural load. It is anticipated that 
Canadian and American building codes will introduce performance-based design for fire resistance in 2001. 
This will introduce further flexibility and cost-effectiveness into design provided mathematical models to 
predict the thermal and structural performance of assemblies exposed to fire are available. If, however, 
models for wood-frame assemblies are not available in 2001, the wood industry's market share could be 
eroded.

In recognition of this situation, the North American Wood Products Fire Research Consortium (NAWPFRC) 
has identified the development of fire-resistance models for wood-frame assemblies as necessary to protect 
current markets and to expand into non-residential markets. Members of NAWPFRC have drafted a long- 
range plan to deliver fire-resistance models by 2000.

Forintek's prototype model for the fire resistance of un-insulated gypsum-board / wood-stud walls has 
established Forintek as a leader in this field. Although some improvements in the model are planned, 
NAWPFRC has recommended that, in the light of recent moves to higher acoustic standards, a model for 
insulated wood-stud walls is a very high priority.

NAWPFRC has also recommended that fire-resistance models be developed for protected joist and truss 
floor/ceiling assemblies within a two to three year period. This would enable the industry to address 
immediate concerns expressed by the fire services as well as position the industry for the introduction of 
performance-based codes. This target date can be achieved if Forintek develops the heat transfer portion of 
the floor models and couples it to structural models for joists and trusses developed at AF&PA and 
University of Wisconsin, respectively.

This report describes the progress towards development of fire-resistance models for wood-frame assemblies 
that has been made in the first year of this five year project. It also outlines some
opportunities that have arisen which will allow for the immediate (short term) application of these models as 
they are finalized.

3.0 STAFF

J.R. Mehaffey Project Feader
Research Scientist

H. Takeda Research Scientist
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L.R. Richardson Research Scientist

H.W. Gribble Department Manager

M. Caron Department Secretary

A. Stewart Graphics Department

C. Wright Temporary Research Assistant

4.0 W ORKPLAN

During the year, the following tasks were to be accomplished:

Revise the single-stud model for predicting the structural response of wood-stud walls exposed to fire. 

Revise the model for radiant heat transfer in un-insulated wall cavities.

Incorporate AF&PA's heat transfer model for wood studs into Forintek's model predicting heat transfer 
through gypsum-board / wood-stud wall assemblies exposed to fire.

Develop a time-to-failure (boundary element) model for un-insulated walls which can provide input data for 
Forintek's project on fire risk assessment.

Develop a model for insulated wall assemblies.

Develop a five-year plan for Forintek's fire resistance research initiatives.

Promote the fire endurance program by preparing papers for presentation at conferences.

Participate in codes and standards activities related to fire endurance testing and modelling of wood 
construction assemblies.

Coordinate Forintek's fire endurance program with the overall fire endurance efforts of the North American 
wood industry.

5.0 RESULTS AND DISCUSSION

5.1 Mathematical Modelling

C. Wright and J.R. Mehaffey revised the single-stud model and developed a system (multi-stud) model to 
predict the structural response of a gypsum-board / wood-stud wall exposed to fire. Both models predict the 
general features of the deflection history and ultimate collapse of the wall rather well. Although refinements 
can be made no further work was undertaken on this subject during the fiscal year.

H. Takeda has introduced several refinements in the model for radiant heat transfer in the cavity within a 
wood-stud wall. A comparison of model simulations and test results has shown that Forintek's heat transfer 
model now simulates temperatures within gypsum board in wall assemblies sufficiently accurately that
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predictions of "insulation failure" are very good. However, the model over-estimates the rate of charring in 
studs and hence predicts "structural failure" too early. Several revisions are being considered to improve the 
predictions including: introducing an endothermic heat of pyrolysis for wood; and reducing the contribution 
of radiation to the thermal conductivity of gypsum board and char at elevated temperatures. However, in 
view of the progress made by Forintek in this work and the slow progress by AF&PA, plans to incorporate 
AF&PA's heat transfer model for wood studs into Forintek's model have been dropped with the concurrence 
of AF&PA.

New and very stringent acoustic requirements have been adopted within the National Building Code of 
Canada. These requirements mean that most fire-rated wood-frame wall assemblies are now going to have to 
be insulated to meet the acoustic requirements. In view of this development, Forintek and Canadian Wood 
Council staff decided, during a meeting in Ottawa on May 15 to 17, that development of a model for 
insulated wood-stud walls is now a higher priority than development of models for floor/ceiling assemblies.

In order to model heat transfer in an insulated assembly, data on the thermophysical properties of the 
insulation at elevated temperatures are essential. As Forintek did not wish to generate such data on its own,
L. Richardson approached Roxul to obtain data for rock wool insulation and H. Takeda approached NRCC to 
obtain data for glass-fibre insulation. Both were successful. As a consequence, H. Takeda has been able to 
commence development of a model for insulated gypsum-board / wood-stud walls. Preliminary findings are 
encouraging.

On August 9, during a meeting of the American Wood Council's Subcommittee on Fire Performance of 
Wood in Washington D.C., it was noted that when using Forintek's heat transfer model for walls, the user can 
select Douglas fir or spruce-pine-fir (SPF) studs. To make the model more attractive to American users, it 
was recommended that an option to select yellow southern pine be included. H. Takeda has subsequently 
introduced this option into the model.

In October, Forintek hired A. Tamim to take over the fire risk assessment project. Earlier, during the 
1994/95 fiscal year, C. Wright and J.R. Mehaffey converted Forintek's heat transfer model for gypsum-board 
/ wood-stud walls into a boundary element model (i.e. a time-to-failure model) for the risk assessment 
project. However, due to refinements introduced into the heat transfer model in the last year and due to 
progress made in our structural model, Mr. Wright's model is dated. Consequently, J.R. Mehaffey and A. 
Tamim have met recently on several occasions to begin converting Forintek's heat transfer and structural 
models into a single boundary element model.

The Canadian Wood Council has granted a $10,000 scholarship to Ed Lin, an M.Eng. student in Fire 
Protection Engineering at U.B.C. Mr. Lin will conduct a research project under the supervision of Dr. 
Mehaffey. He will employ Forintek's fire-resistance model to assess current capabilities to undertake 
performance-based design of gypsum-board / wood-stud fire separations in a typical building. A supervisory 
committee has been formulated to oversee Mr. Lin's work. On the Committee are Mr. R. McPhee (CWC), 
Ms. A. Tamim (FCC) and Dr. J.R. Mehaffey (FCC/UBC). The committee met with Mr. Lin in Vancouver on 
January 26 to establish objectives and deadlines for the project. It is anticipated that the project will be 
completed by July 1996.

On March 5, the Building Research Institute (BRI) conducted a full-scale fire test on a three-storey wooden 
apartment building in Japan. The test was designed to determine whether the building would contribute to or 
inhibit the spread of fire in an urban area following an earthquake. J.R. Mehaffey participated in the test as a 
foreign technical observer. Following the test, J.R. Mehaffey discussed the possibility of future collaborative 
research with the BRI. He mentioned that Mr. Lin intends to employ Forintek's models to undertake a 
performance-based design for a typical wood-frame building. BRI scientists were extremely interested in
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this research and are open to the possibility of employing Forintek's computer models to simulate the fire test 
conducted on March 5. This would be a robust validation exercise for Forintek's models and could foster the 
adoption of performance-based codes. It was agreed that discussions concerning such collaborative research 
would continue following the next meeting of the (Fire-Safety) SOPRO Committee in Japan.

L. Richardson has been approached by scientists at the National Institute for Standards and Technology 
(NIST) about coupling Forintek's heat transfer model with NIST’s computer model HAZARD I. Discussions 
are underway to determine the feasibility of such action.

Dr. Takeda presented a paper entitled "Predicting Heat Transfer through Wood Stud Walls Exposed to Fire" 
at the International Conference on Fire Research & Engineering, September 10-15 in Orlando, Florida. The 
paper has been published in the Conference Proceedings, p 568-573 and is attached as Appendix I.

Dr. Mehaffey and Dr. Yung (NRC) presented a paper on "Fire Research and Fire Performance Regulations in 
Canada" at the Canada/Japan Housing Committee Meeting convened October 23-24 in Vancouver.
Forintek's heat transfer model was well received by the Japanese delegates. The paper is attached as 
Appendix II.

Dr. Takeda made a presentation on Forintek's heat transfer model for gypsum-board / wood-stud walls during 
a staff meeting at Forintek's Ste-Foy Laboratory on November 20.

A paper by Drs. Mehaffey and Takeda entitled "Modelling the Fire Resistance of Wood-Stud Walls" has 
been accepted for presentation at the conference Wood & Fire Safety which will be held May 6-9, 1996 in 
Slovakia. This will be the first presentation of Forintek's model for the combined thermal and structural 
response of wood-stud walls exposed to fire. The paper will be ready for internal Forintek review in April.

A paper written by Drs. Takeda and Mehaffey entitled "Model for Predicting Fire Resistance Performance of 
Wood Stud Walls with or without Insulation" has been accepted for presentation at the International Wood 
Engineering Conference '96 (New Orleans, October 28-31, 1996). The paper will be completed during the 
summer.

5.2 Heat Transfer Model for a Protected Wood Truss

During a meeting of Forintek and Canadian Wood Council staff in Ottawa on May 15 to 17 it was recognized 
that a new work item should be added to the 1995/96 program of work. A simple model was needed to 
predict heat transfer in the bottom chord of a protected wood truss. The model was needed as input to P.
Lau's Ph.D. thesis work which is proceeding under Forintek's project "Structural Reliability of Wood-based 
Building Systems Exposed to Fire". As a consequence, during August, C. Wright and J.R. Mehaffey 
reworked Forintek's heat transfer model for walls to predict heat transfer in the bottom chord of a gypsum- 
board / wood-truss ceiling assembly.

Subsequently, on November 23, Dr. Mehaffey participated in a meeting of P. Lau's Ph.D. Committee. Mr. 
Lau reported on progress in his research to generate data on the strength properties of wood at elevated 
temperatures. The data coupled with the new heat transfer model discussed above will be used to predict the 
structural performance of the bottom chord of a protected wood-truss assembly which is exposed to fire.

5.3 Five-year Plan for Fire Resistance

A five-year plan was to be prepared to outline how Forintek, in collaboration with other members of 
NAWPFRC, would deliver fire-resistance models for wood assemblies in time for the anticipated
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introduction of performance-based design in North America in 2001. J.R. Mehaffey prepared the first draft 
of the plan in May and circulated it within Forintek to elicit comment. The draft plan was discussed by 
Forintek and Canadian Wood Council staff during meetings in Ottawa on May 15 to 17. Following the 
meetings, J.R. Mehaffey prepared a second draft in late June and again circulated it for comment. 
Development of the five-year plan was curtailed in August when CFS indicated there was no funding 
available to support the work under CFS's light-frame program.

Nonetheless, CFS continued to support Forintek's initiatives in fire-resistance modelling and performance- 
based design through a separate contract entitled "Harmonization of Fire Testing Methods to Promote 
International Market Access of Canadian Wood products".

5.4 Technology Transfer

During the year, efforts were taken to assure that the project addressed well-defined market access needs of 
the Canadian wood industry. To this end, several meetings were held with staff of the Canadian Wood 
Council and J.R. Mehaffey made a presentation was made to Forintek's Technical Advisory Committee on 
Building Systems in January 1996. Dr. Takeda participated in an East/West Building Systems Meeting in 
Ottawa, October 17-19 where program planning for 1996/97 and the development of a vision for Forintek's 
Building Systems technical beyond the year 2000 were discussed.

To ensure coordination of Forintek's research on fire resistance with the overall fire research undertaken by 
the North American wood industry, H. Takeda and L. Richardson participated in meetings of the American 
Wood Council's Subcommittee on Fire Performance of Wood and the North American Wood Products Fire 
Research Consortium (NAWPFRC) in Washington D.C. on August 9-10.

Dr. Mehaffey presented a paper entitled "International Trends in Codes & Standards: The Impact on our 
Markets" at Forintek's Annual Meeting of Members on June 19. International developments related to the 
harmonization of standards and the adoption of performance-based codes were discussed. Both trends are 
advantageous to Canada's wood products industry. It was shown that Forintek's Building Systems research 
program provides technical support to foster the continuing development of these trends.

Direct participation in codes and standards writing activities provides for two-way technology transfer 
between Forintek and codes and standards writing bodies. In particular, it provides an avenue for adoption of 
fire resistance models under development by Forintek. Codes and standards activities are conducted under 
Forintek's project on Codes and Standards and under a separate contract with CFS on "Harmonization of Fire 
testing Methods to Promote International Market Access of Canadian Wood Products". This participation is 
mentioned in passing here as it is regarded as an important technology transfer medium related to this 
project.

5.5 Related Developments

U.B.C. offered a Seminar on Design Calculations for Fire Resistance on June 1 & 2. The Seminar covered 
construction with wood, steel and concrete. Dr. Mehaffey gave an introductory paper on fire modelling and 
performance-based design. Dr. M. Janssens of AF&PA presented the material on wood. He used Forintek's 
model for wood-stud walls as an example of emerging technology for predicting the fire performance of 
wood structures.

Subsequently, on August 10, during a meeting of the American Wood Council's Subcommittee on Fire 
Performance of Wood in Washington D.C., Dr. Janssens of AF&PA again used Forintek's model for wood- 
stud walls as an example of emerging technology for predicting the fire performance of wood structures.
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Fourth year students in chemical engineering at UBC must write an undergraduate thesis. On September 6, 
J.R. Mehaffey made a presentation inviting students to complete their theses on subjects related to wood 
industry fire issues under his supervision. Judith Wannamaker chose the project "Predicting the Spread of 
Fire in Apartment Buildings". An attempt will be made to establish criteria for performance-based design of 
assemblies independently of the materials from which they are constructed. This step is a prerequisite to 
elimination of the implicit unequitable treatment of wood-frame assemblies which appears in our building 
regulations.

In early 1996, J.R. Mehaffey presented three lectures to practising architects and professional engineers 
enrolled in UBC’s Certified Professional Program. Graduates of the Program qualify for fast-tracking of the 
building permit process in B.C. The first two lectures entitled "Characteristics of Fire" and "Relative Fire 
Behaviour of Materials and Structures" stressed performance-based design and encouraged equitable 
treatment of all building materials. The third lecture was entitled "Principles of Safe Egress from Buildings".

ISO/TC92/SC2 (on Fire Resistance) has circulated a questionnaire world-wide in order to develop 
information on the availability of fire resistance models. Dr. Mehaffey completed the questionnaire citing 
Forintek's heat transfer model (WALL2D) for wood-stud walls.

The B.C. Forestry Association interviewed Dr. Mehaffey to gather information for an article in its newsletter 
Landscapes. The article which appeared in the December 1995 issue demonstrates research can open up 
markets for wood products. It discusses Forintek's role in the "shake 'n bake" tests and deliberations which 
led to the increased acceptance of 3-storey wood apartment buildings in Japan.

On August 19, the Vancouver Sun ran an article entitled "STEEL: Fireproof alternative attracts attention of 
some big players". To ensure Forintek members could argue the issue fairly, Dr. Mehaffey prepared a 
rebuttal to claims made in the article. FJe pointed out that research shows that as far as fire safety is 
concerned, wood stud walls are just as good as steel stud walls. The material was subsequently presented at 
a meeting of Building Experts Committee in November in Japan. A copy of the rebuttal is attached as 
Appendix III.

6.0 CONCLUSIONS AND RECOMMENDATIONS

This report summarizes the progress achieved in the first year of Forintek's five year project on fire 
resistance models for wood-frame assemblies. The work represents part of Forintek's commitment to 
develop design tools that will allow the Canadian wood products industry to benefit from the introduction of 
performance-based fire-safety regulations in Canada in 2001.

A summary is provided of refinements which have been introduced into Forintek's fire-resistance model for 
gypsum-board / wood-stud walls. The refinements allow for improved predictions of the thermal and 
structural response of wood-stud walls exposed to fire. In response to the adoption of stringent acoustic 
requirements in building codes, research directed at the development of a model for insulated walls has been 
initiated. Preliminary findings are encouraging.

To expedite the development of fire-resistance models two new projects have been proposed to commence in 
1996/97. The project "Heat Transfer Model for Insulated Wood-Frame Wall Assemblies" will be directed 
towards completion of the model for insulated walls. The project "Model for Prediction of the Effect of 
Opening Joints on Wood-Frame Wall-Assemblies" will be directed towards modelling the opening of 
gypsum-board joints which has not been included in our existing model but has been observed to govern the
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fire performance of wall assemblies for some types of gypsum board. Dr. Takeda will be project leader for 
both of these new projects. Research on ceiling/floor assemblies will continue in this project.

Although our ultimate goal is to have models in place by 2001, during the 1995/96 fiscal year, several 
opportunities for the immediate application of Forintek's models have surfaced. These include Mr. Lin's 
work on performance-based design, Mr. Lau's work on protected wood trusses, Ms. Tamim's work on fire 
risk assessment, NIST's work on compartment modelling (HAZARD I) and the possibility of simulating the 
3-storey fire test conducted in March 1996 by BRI. Although such applications are time consuming and 
hence direct resources away from other activities, they offer the possibility for testing our models' 
capabilities as they evolve. Furthermore, they offer the possibility of promoting our modelling capabilities. 
Should other opportunities for immediate application of our models arise, it may be prudent to seriously 
entertain pursuing them.

Finally, it is crucial that a scientific paper be prepared to summarize our work to date since much has been 
accomplished since our last major publication.

7.0 PUBLICATIONS

1. J.R. Mehaffey and H. Takeda, "Predicting Heat Transfer through Wood Stud Walls Exposed to Fire" 
pp. 568-573 in Proceedings of the International Conference on Fire Research & Engineering, 
September 10-15, 1995, Orlando, Florida.

2. J.K. Richardson, D. Yung and J.R. Mehaffey, "Fire Research and Fire Performance Regulations in 
Canada", Chapter 24 in Proceedings of the 12th Meeting of the Canada-Japan Housing Committee, 
October 23 & 24, 1995, Vancouver.
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Predicting Heat Transfer through Wood Stud Wails Exposed to Fire

J. R. Mehaffey* and Hiia Tafceda**
Foriniek Canada Corp.

“2665 East Mail Vancouver V6T 1W5 Canada 
*• 1390 Prince o f Wales - Suite 300, Ottawa, Ontario K2C 3N6 Canada

ABSTRACT

This paper reports improvements in a computer moaelw which had been developed to predict 
heat transfer through gypeum-board / wood-suid walls exposed to fire The model which was 
based on heat transfer equations with complete sets of thermophysicaJ properties of wood and 
gypsum board, was shown to predict heat transfer through these walla rather well. However to 
better understand char formation in wood studs, a subsequent effort has been made to improve 
and refine radiation heat exchange within the wall cavity. The present paper describes the 
improved model and discusses model validation.

INTRODUCTION

As a first {tap m dr-'tinninj a fire resistance medef for yvpsum-board / wood «mi walls, t  
computer model' - wa." developed tp nredid heat transfer tnrough a wall exposed to fire. The 
model was cased on neat transfer equations wim complete mis o f temperature dependent 
thermophystcal properties for wood and gypsum board, and simple radiation heat «m-aĥ npe 
equations within the cavity. The model predicted three important characteristic rimes rather well; 
the finish raring, the rime to onset o f charring o f the studs and the rime to failure of the assembly 
(due to heat transmission).

Based on this model, a subsequent effort has been undertaken to improve and refine the prediction 
of char formation in the wood studs and to develop sophisticated computer graphics as a design 
tool. The present paper introduces the improved model and compares the calculated results with 
rest data.

IMPROVED MODEL

The original model entailed simple radiation calculations within the wall cavity using three average 
view factors: wood stud surface to gypsum board surface, gypsum board surface to gypsum board 
surface and gypsum board surface to wood stud surface. This treatment very much simplified the 
radiation heat exchange calculation, but overestimated the energy input at the corner o f the 
exposed gypsum board and wood stud. In the present paper, a new treatment was introduced to 
estimate for radiation hear exchange: each element around a node (see Fig. 1) on the wood smd 
surface has a view factor to the gypsum board and the wnod smd surface o f  the opposite side. 
Before starting the main calculation loop, ah o f the required view factors are calculated tnd 
tabled.
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Another improvement is a consideration o f mass transfer in the wood stud. It is well known that 
wood density changes dramatically at temperatures between 200-350 C; that is. almost 80% ot' 
mass is removed from wood stud. The energy accompanied by this mass transfer is important. 
The improved mode! includes this energy transfer.

The third improvement in the model structure yields faster CPU time. Only four minutes are 
needed for a SO minute simulation, when using 486(50MHz) machine. Also the improved version 
includes sophisticated real time graphics, showing how the char layer grows in the stud and how 
the temperature increases in the wall at various points.

Fig. 1 Node positioning within the wail (gypsum board / wood assembly).

COM PARISON OF PREDICTED AND EXPERIMENTAL RESULTS

The improved model was employed to simulate the lire resistance tests listed in Table l. 
Temperature-time curves were calculated at each node in the dime-difference grid. As each test 
assembly was instrumented with thermocouples, comparisons between model predictions and 
experimental results were mode at several locations within each assembly. Figures 2 and 3 show 
an example o f  the simulation o f  the small scale test (TEST 2: one layer of 12.7 mm Type C 
gypsum board on each side o f  wood studs - see Table 1). Solid lines show the theoretical
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predictions and dashed lines show the lest data. The thermocouple positions A to H arc shown in 
Fig. 1. The temperature at the point A is slightly underestimated, but the others are good 
agreement with test data. Figure 4 shows char formation in the wood stud in TEST 2. Char is 
spreading mostly along the wood surface at first and then gradually penetrating inside, and that is 
well simulated in this figure. Figure 5 is the case of fill! scale test (TEST 5 - see Table 1) showing 
similar char formation as in Fig. 4. Figures 6 and 7 are for the full scale test (TEST 6). The 
predictions at the point A, F. G and H show very good agreement with the test data, although the 
predictions at B and C are higher than the test data.

CONCLUSION

The improved model predicts heat transfer through a gypsum-board / wood stud wall very well. 
The model is being coupled with a simple structural model to generate a fire-resistance model for 
wood-stud walls.

REFERENCES

L J. R. MchafFey, Proceedings o f S.F.P.E. Symposium on Computer Applications in Fire 
Protection engineering, p.63 (1993).

2. J R. Meha/Fey. P. Guerrier and G. Carisse. Fire and Materials 18. 297 (1994)

Table 1. Summary of fire resistance tests for gypsum board / wood assembly.

TEST SCALE DESCRIPTION OF .ASSEMBLY

1 small 4 layers 5/8" Type X gypsum board «"• jj

i 2 small i layer 1/2" Type C gypsum board 8

3 small 1 layer 5/R" Type X gypsum board 1

4 small 2 layers 5/R" Type X  gypsum hoard

5 full 1 layer 1/2’ Type C gypsum board (loaded)

6 full 1 laver 5/8" Type X  evpsum board (loaded)

1 - 3



Fi* 2 Temperature-rime o-urvea for the small scale test (TEST 2) at nodes. A. E, F, G and H.
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FIRE RESEARCH AND FIRE PERFORMANCE REGULATIONS IN CANADA

by

J. Kenneth Richardson. P.Eng. . D. Yung. Ph.D. and J. R. Mehaffey. Ph.D.

(Prepared for the Seminar for the Canada-Japan Housing Committee. 

Vancouver. British Columbia. October 23-24. 1995)

INTRODUCTION

Canadian fire research for construction in general is primarily centred at the 

National Research Council o f Canada (NRCC), in the Institute for Research in 

Construction's National Fire Laboratory. Much Canadian fire research effort has, in recent 

years, been directed at wood-frame construction with the NRCC and Forintek Canada 

Corporation (FCC) being the two major organizations in this field. Fire research interests 

in both organizations span the range o f activities needed to provide fire safety for wood- 

frame construction. This paper will concentrate on those fire research interests o f primary 

concern to the Canada-Japan Housing Committee (CJHC).

* Head, National Fire Laboraiory, Institute for Research in Construction, National Research Council o f  
Canada, Ottawa, Ontario, Kl A 0R6
** Subprogram Manager, Fire Risk Assessment, Institute for Research in Construction, National Research 
Council o f  Canada, Ottawa, Ontario, Kl A DR6

Forintek Canada Corp. and the University o f  British Columbia, Department o f  Chemical Engineering, 
2216 Main Mall, Vancouver. B.C., V6T 1Z4
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Fire performance regulations in Canada have evolved since the first National 

Building Code was published in 1941 '. Fire requirements for all buildings and. to a large 

extent for wood-frame construction, have always constituted a major portion of the 

National Building Code o f Canada (NBCC). With newer editions, these requirements arc 

based more on fire safety engineering technology, much o f which has been developed by 

NRCC and FCC. In this paper, some o f these technologies will be discussed as will their 

impact on fire safety regulations.

This paper will address the present and future fire safety regulations in Canada and 

the technologies on which those regulations arc and will be based. The integration o f  

these technologies into regulations will be addressed. It will, in particular, highlight those 

fire safety aspects o f immediate concern to wood-frame construction and the CJHC; 

namely, performance codes, degrees o f combustibility, fire resistance and fire safety 

standards.

PERFORM ANCE CODES & SUPPORTING CALCULATION M ETHODS

Until recently, fire safety requirements in building codes around the world, 

including Canada, have been prescriptive. However, countries such as the U.K., Sweden, 

New Zealand. Japan and Australia have cither adopted or are in the process o f  developing
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performance-based codes. Canada, too. has seen the advantages of such codes for the 

construction industry since they will:

1. foster increased flexibility and cost-effectiveness in design,

2. ensure equitable treatment of all design strategics and materials,

3. ensure a uniform level o f safety for all buildings of the same occupancy and size, and

4. encourage international trade.

As pan o f  this activity, in 1993, the Canadian Commission on Building and Fire 

Codes (CCBFC), which is responsible for the development o f the NBCC, established a 

Strategic Planning Task Group. In September 1994, the Task Group issued a report2 

containing several recommendations on how the NBCC should be revised Although it is 

anticipated that prescriptive requirements will remain for small houses, for larger 

structures, including wood-frame apartment buildings, it seems likely that engineers will be 

encouraged to employ performance-based design techniques by 2001. In Canada, the 

term 'objective-based codes' will be used to describe the documents to be developed as 

potential replacements for the present prescriptive regulations.

The CCBFC and most other international code writing bodies arc thoroughly 

cognizant o f the fact that any performance- (or objective-) based code must be supported 

by calculation methods and technologies that enable the user to determine if satisfactory 

performance has been achieved or if an objective has been met. The development o f these
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supporting documents, and not the codes themselves, will be the challenge for the next 5 

to 10 years.

On the international scene. (SO/TC92/SC4 on Fire Safety Engineering is 

developing standard guides for the use of fire safety engineering methods (often Fire tests 

and fire models) within the context o f performance-based regulations. As well, the CIB 

W 14 Committee on Fire is developing means to assess a number o f fire safety engineering 

methods and models.

To support the CCBFC effort leading to performance codes in Canada, the 

National Fire Laboratory is developing technologies and calculation techniques. In the 

forefront of this activity is the development o f FiRECAM*1, a model to assess the risk-to- 

lifc o f occupants and the costs o f fire safety for buildings.

FiRECAM". developed by a team headed by Dr. David Yung o f the National Fire 

Laboratory in collaboration with Victoria University o f Technology. Melbourne, Australia, 

and with significant support from Public Works and Government Services Canada 

(PWGSC) and National Defence Canada (DND). works by simulating typical fire 

situations in a building'. It simulates all probable types o f fire at all locations in the 

building and calculates occupant risks and fire-safety costs based on the sum of all these 

probable scenarios. It simulates fire ignition and growth, and the spread o f both fire and 

smoke, as well as fire detection and suppression either by automatic means (sprinklers) or
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manual means (firefighters). Finally, there is a simulation of how occupants respond and 

evacuate, with or without the help o f firefighters. It is by determining the possibility that 

the occupants will be trapped by the Fire and smoke and the extent o f fire damage that 

enables the model to calculate the risk-to-life and the costs o f fire.

To demonstrate the versatility o f this tool, it is expedient to use an example. This 

example, for a 3-storcy wood-framed apartment building in Australia4, assessed a subset 

of fire safety options: fire resistance o f the structure, a fire detection and alarm system 

and a sprinkler system. The expected risk-to-life being calculated was the potential risk to 

occupants averaged over the life o f the building. The fire-cost expectation was the total o f  

capital and maintenance costs o f the fire safety provisions plus the value o f any fire losses 

over the life of the building. The purpose o f the review was to determine whether 

3-storey wood-frame apartment buildings should be built with equivalent or better fire 

safety than provided by the same building with a concrete and masonry frame. The 

analysis showed, after reviewing 24 design options, that a 3-storey wood-frame building 

with a central fire alarm system could be constructed with the same fire risk level as a 

concretc/masonry building without a central alarm. (The only design permitted in the 

Building Code of Australia prior to the amendment in 1994.) In recognition of this 

analysis, the Australian Building Code Commission has incorporated an amendment 

(Amendment No.7, 1994) to accept the 3-storcy wood-frame design.
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NRCC is working to extend the use o f FiRECAM " to other occupancies and is 

working with PWGSC and DND on office and light industrial buildings and with FCC on 

mercantile buildings. In this latter research, it is hoped to expand the use o f wood-frame 

construction, presently accepted for mercantile buildings, in the NBCC.

Several steps must be taken to position the Canadian wood industry for the 

introduction o f performance-based design in 2001. As one example, fire resistance models 

for wood-frame assemblies must be developed and validated. Then, these models must 

receive the approval o f codes and standards writing organizations. Finally, guidance 

documents must be prepared so that building designers will be able to use the models 

properly. Engineers arc accustomed to designing wood structures for fire resistance 

employing prescriptive codes. To encourage them to employ performance-based design 

techniques when they become available, FCC and the Canadian Wood Council (CWC) arc 

planning to develop a guide on performance-based design for the fire resistance o f wood 

frame buildings. Eventually the guide will be submitted to standards-writing bodies for 

standardization.

DEGREES O F COM BUSTIBILITY

Within building regulations, one o f the most controversial issues has been the rigid 

combustiblc/non-combustible designations placed on construction materials. To address 

this issue in Canada, the predecessor o f the CCBFC requested that the Underwriters'
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Laboratories o f Canada (ULC) Fire Test Committee develop a new national test method 

to determine the degree o f combustibility o f building materials. The CCBFC wished to 

replace current regulations, based on combustible/non-combustible designations, with 

more scientifically-based requirements that acknowledged the degree to which building 

materials contribute to heat development in fire. To support this effort. NRCC. in 

collaboration with FCC and other industries, have undertaken a joint research project 

aimed at defining the degree o f hazard a material containing combustible elements may 

have on room fire growth. At the same time, both NRCC and FCC played major roles in 

the development o f test methods that can be used to establish material contributions to 

heat development.

The basic approach used is to evaluate the heat release from tests conducted in 

accordance with CAN/ULC-S135. "Standard Method for Determination of Degrees o f  

Combustibility o f Building Materials using an Oxygen Consumption Calorimeter (Cone 

Calorimeter)5 and comparing these results with full-scale room tests conducted in 

conformance with the proposed ASTM Standard "Room Fire Test o f Wall and Ceiling 

Materials and Assemblies"6 and the ISO 9705 Standard "Room Fire Test in Full Scale for 

Surface Products"7. By comparing these results, it is hoped to be able to establish a 

correlation between the cone calorimeter heat release rate and full-scale room bum 

behaviour, and thus ultimately risk from fire to building occupants..
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In a recent meeting, the ULC Committee established a Task Group charged with 

facilitating the incorporation of the concept o f degrees o f combustibility into the fire safety 

provisions o f the NBCC. The Task Group will draft proposed wording for the NBCC that 

will ensure the inclusion of the degrees of combustibility concept in a manner consistent 

with performance-based design. Once prepared, the proposed wording will be submitted 

to the CCBFC for consideration.

FIRE RESISTANCE

Fire compartmentation, using fire-rated floors, ceilings and walls is one o f the most 

common firesafety features in building regulations in Canada and internationally. Today, 

designers use mathematical models to predict the fire resistance o f concrete slabs, beams 

and columns and some protected steel structural members, however, they have no such 

models for lightweight construction such as wood frame. As part o f its commitment to 

reducing the total costs of fire in Canada, the National Fire Laboratory in conjunction with 

8 industry partners, including FCC, initiated, in 1993. a research project to develop models 

for wood and steel stud walls and to identify assemblies which could meet the fire 

resistance requirements presently in the NBCC.

This wall project has been completed and has resulted in 168 insulated assemblies 

being incorporated into the NBCC 1995 and the beginning of modelling o f steel stud walls 

by NRCCh. For wood frame walls, FCC is developing computer models that will facilitate
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the development o f cost-effective and flexible design options involving wood stud 

assemblies protected by gypsum board.

FCC has developed models to predict the fire endurance of gypsum-board/wood 

stud walls exposed to firc° Input data for gypsum board were measured employing 

bench-scale tests at the NFL. Input data for wood were selected from the literature. The 

small- and full-scale fire resistance tests conducted on gypsum-board/wood-stud walls at 

the NFL provided data for model validation. The thermal and structural models have been 

coupled to provide a fire resistance model for wood-stud walls. Model predictions are in 

good agreement with experiments.

The wall project identified further issues in both acoustics and fire resistance that 

needed addressing. Two of these were the ability o f light framed walls to resist shear 

forces that could be encountered in earthquakes and by wind loads and the need to 

evaluate the contribution o f firestops in controlling fire spread and noise flanking. To 

address these, NRCC. in collaboration with FCC, has begun a project to evaluate the fire 

resistance and acoustic properties of wood-framed shear walls, using plywood or oriented- 

strand board as shear membranes. To address the fircstopping/flanking problem, NRCC 

with 7 industry partners, including FCC, are in the midst o f another research project 

involving full-scale acoustic and fire experiments. This project will develop design guides 

for improved fircstopping and flanking noise reduction in lightweight frame assemblies
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(wall and floor). Completion of the shear wall project is anticipated in early 1996 and for 

the firestopping/flanking project, near mid year. 1996.

With the success o f the wall project, the previous industry partners, combined with 

4 others, have joined NRCC in a similar project on the fire resistance and acoustic 

properties o f lightweight floor assemblies including solid wood joists, wood trusses and 

composite wood joist assemblies. The consortium has just begun its work in planning this 

project and initial testing is just commencing. Project completion is expected in mid-1997.

STANDARDS ACTIVITIES

At the international level, it is still largely the case that different countries assess the fire 

performance o f building products employing different tests. Not only are most o f these tests 

technically out-dated, but many have become barriers to both trade and the adoption of 

performance-based design. While remaining active in the development o f North American 

standards through involvement in ULC. NFPA and ASTM Fire Test Committees. NFL and 

FCC scientists arc also participating in activities related to the harmonization o f fire tests at the 

international level. Scientists from both organizations are active in the Canadian Advisory 

Committee to 1SO/TC92 on Fire. In addition, FCC has accepted the role o f convenor in an 

ISO/TC92/SC4 Working Group on Fire Safety Engineering and represents Canada on the 

Japanese SOPRO Committee. NFL scientists arc also involved in ISO/TC92/SC2 activities 

and the CIB W14 Committee on Fire.
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SUMMARY

Both NFL and FCC are actively engaged in research and development related to 

housing construction, with significant emphasis on wood-frame. Although the two 

organizations have different mandates, components of their individual research programs arc 

well coordinated and involve a significant cross-section o f other Canadian industries.

In the areas o f active collaboration related in this paper, the objectives o f the two 

research programs arc to:

• provide fundamental understanding of the fire performance o f wood-frame buildings.

• foster the continuing evolution o f building regulations which encourage construction o f  

affordable, fire-safe buildings, and

• develop design tools to support implementation of performance-based codes at home and 

abroad.
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There is  a general misconception that because s tee l studs are not 
combustible, they ensure b e tte r f ire  safety than wood studs. In 
tru th , there is  ample evidence to show th is  is not so. In th is  
presentation, i t  is  demonstrated that wood-stud walls perform as 
well as (if  not b e tte r than) s tee l-stud  walls.
In Canada, the f ire  performance of a wall is  assessed by subjecting 
i t  to the standard fire -res is tan ce  te s t CAN/ULC-S1011. This means 
that wood-stud or s tee l-stud  walls are subjected to the same f ire  
exposure in the te s t .  During f ire  exposure, e ither assembly may be 
required to carry i t s  design s tru c tu ra l load or i t  may be le f t  un
loaded i f  deemed appropriate. In e ither case, the fa ilu re  c r i te r ia  
are iden tica l for wood-stud and steel-stud  assemblies.. By using 
precisely  the same te s t methodology for wood-stud and stee l-stud  
walls a f a ir  comparison of th e ir  f ire  performance is  assured.
The re su lts  of numerous te s ts  have been analyzed and published 
in the Supplement to the National Building Code of Canada2. The 
data demonstrate that walls constructed with wood studs often 
exhibit b e tte r f ire  performance than walls constructed with s tee l 
studs. This finding holds true even i f  the wood-stud wall is  
loaded and the s tee l-stud  wall is  not. Computer models developed 
by the wood industry suggest th is  is  a resu lt of the slow ra te  at 
which wood studs char when protected by gypsum board.
The following two examples i l lu s tr a te  the point. Suppose f i r s t  
that a non-load bearing wall is  required to exhibit a f ire  
resistance rating  of 1 hour. The Supplement indicates tha t any 
15.9 mm Type X gypsum board attached to wood studs yields the 
required resistance. However, the Supplement also indicates tha t, 
on a generic basis, a sim ilar construction employing s tee l studs 
yields only a 50 minute ra ting . To meet the required resistance 
using s te e l studs, a proprietary wall system incorporating 15.9 mm 
Type X gypsum board must be employed3.
As a second example, suppose a load-bearing wall is  required to 
exhibit a f ire  resistance rating  of 1 hour. The Supplement again 
indicates that any 15.9 mm Type X gypsum board attached to wood 
studs yields the required resistance. Again, the requirements 
cannot be met by s tee l studs on a generic basis, although there are
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proprietary wall systems incorporating 15.9 mm Type X gypsum board 
which y ield  the required resistance3.

These conclusions are not ju st the rhetoric of the wood industry. 
The in teg rity  of data in the Supplement is  unassailable. Data are 
selected by a Committee of acknowledged f ire  experts with 
representation from f ire  laboratories, regulatory agencies and 
major construction m aterials industries. Decisions taken by the 
Committee are based on te s ts  conducted by reputable laboratories 
following established te s t protocols. With the weight of th is  
im partia lity  behind i t ,  the Supplement c learly  suggests th a t, as 
far as f ire  safety  is  concerned, wood-stud walls perform as well as 
(if not b e tte r than) stee l-stud  walls.
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