
£ 1300 = pci F

Forintek
Canada
Corp.

PRO JECT NO.
3165K515

FORESTRY CANADA NO.

r A

DEVELOPMENT OF FIRE ENDURANCE 
MODELS FOR WOOD STUD WALLS

PROGRESS REPORT

V_______________________________ )

By

J.R. Mehaffey 
Research Scientist 

Building Systems Department

April, 1992

This project was financially supported by Forestry Canada 
under the Contribution Agreement existing between the 

Government of Canada and Forintek Canada Corp.



FORINTEK CANADA CORP. 
Eastern Laboratory 
800 Montreal Road 
Ottawa, Ontario K1G 3Z5

DEVELOPMENT OF FIRE ENDURANCE 
MODELS FOR WOOD STUD WALLS

FORESTRY CANADA
Industry, Trade and Technology 

20th Floor, PVM 
351 St. Joseph Blvd 

Hull, Quebec K1A 1G5

Contract No.: 4Y002-1-0389/01-SS

PROGRESS REPORT

by

J.R. Mehaffey

prepared for

March, 1992

J.R. Mehaffey 
Research Scientist 
Building Systems

J.-C. Havard 
Manager
Building Systems



NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for 
release only by permission of Forintek. This distribution does not constitute 
publication. The report is not to be copied for, or circulated to, persons or 
parties other than those agreed to by Forintek. Also, this report is not to be 
cited, in whole or in part, unless prior permission is secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its behalf, 
make any warranty, express or implied, or assume any legal responsibility or 
liability for the completeness of any information, apparatus, product or process 
disclosed, or represent that the use of the disclosed information would not 
infringe upon privately owned rights. Any reference in this report to any 
specific commercial product, process or service by tradename, trademark, 
manufacturer or otherwise does not necessarily constitute or imply its 
endorsement by Forintek or any of its members.



This report describes progress achieved in the fourth year of Forintek's five- 
year project on the development of fire endurance models for wood-stud walls. 
This work was conducted for Forestry Canada under contract with Supply and 
Services Canada.

Progress towards the development of models to predict heat transfer through 
the various components of a wall assembly (gypsum board, air cavity and wood 
studs) when the assembly is exposed to fire is summarized. In addition, 
arrangements to couple these heat transfer models with existing structural 
models developed in the U.S.A. are highlighted.

Finally, Forintek's role in an initiative which seeks revisions to Japanese 
building regulations to permit construction of 3-storey wooden apartment 
buildings is presented. As this effort was not initially anticipated, the 
original work plan was revised to include it.

SUMMARY
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1.0 OBJECTIVES

1.1 PROGRAM OBJECTIVES

To develop and validate mathematical models for the prediction of the fire 
endurance of wood-stud wall assemblies.

1.2 1991/92 GOALS

To develop and validate a mathematical model to predict heat transfer through 
gypsum-board / wood-stud wall assemblies under fire conditions.

To couple the heat transfer model with existing structural models to produce a 
model for the fire endurance of wood-stud walls.

To promote Forintek's fire endurance program by preparing one or more papers 
for presentation at conferences.

To participate in the revision of Japanese building regulations to permit 
construction of three-storey wooden apartment buildings.

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

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

2.0 INTRODUCTION

To inhibit the spread of fire and prevent premature collapse, building codes 
require that fire separations and structural elements of buildings exhibit 
minimum fire-resistance ratings. While the current practice of demonstrating 
that a building element satisfies these prescriptive requirements is based on 
fire testing, some simple methods for calculating fire resistance ratings are 
also permitted. Recent advances in computer technology and fire science offer 
the promise of a more flexible and cost-effective method for designing for 
fire resistance: mathematical (computer) models.

In response to initiatives taken by manufacturers of steel and concrete 
building products to prepare for the introduction of performance-based 
building codes, the North American Wood Products Fire Research Consortium 
(NAWPFRC) identified the development of fire endurance models for wood-frame 
assemblies as a high priority. The long range goal is to develop a sound 
understanding of the performance of wood structures exposed to fire and to 
demonstrate how fire-safe design can be accomplished. It will then be
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possible to assure that current markets for wood are protected from erosion by 
competing products. It may also be possible to propose extensions in the use 
of wood products into new markets where they can be demonstrated to perform 
adequately.

Under the auspices of NAWPFRC, Forintek is playing a major role in the 
development of mathematical models for the fire endurance of wood-frame 
assemblies. Wood-stud walls are the first assemblies being addressed.

Forestry Canada requested Forintek's assistance, because of its expertise in 
fire safety of wood-frame buildings, in an initiative to permit construction 
of three-storey wooden apartment buildings in Japan. The initiative, 
developed in response to American trade threats, is meeting with some 
resistance within Japan. To ensure a market expansion for Canadian wood 
products is realized, it was recognized that there is a need to counsel the 
Japanese in revising their building regulations so that such buildings can be 
constructed not only in a fire-safe manner, but also in a cost-effective 
manner. An opportunity for getting this message across is provided by 
participating in meetings of the Japan-Canada-U.S.A. Building Experts 
Committee.

1991/92 was the fourth year in this five-year continuing project. Funding was 
provided under contract with Supply and Services Canada on behalf of Forestry 
Canada.

3.0 STAFF

J.R. Mehaffey Project Leader 
Research Scientist

L.R. Richardson Research Scientist

A. Cornelissen Research Scientist

P. Lau Research Scientist

R. Dubois Technologist

J.-C. Havard Department Manager

B. McCuaig Department Secretary
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4.0 WORK PLAN

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

To generate data for model development and validation, radiant exposure tests 
were to be conducted on small-scale gypsum-board / wood-stud wall assemblies 
at Weyerhaeuser, U.S.A.

A mathematical (computer) model describing heat transfer across the air cavity 
in wood-stud wall assemblies was to be developed and validated.

A paper summarizing both the experimental program conducted in collaboration 
with the National Research Council and the heat transfer model for gypsum 
board was to be submitted for publication in a fire-science journal.

Forintek was to participate in initiatives related to the revision of Japanese 
building regulations to permit expanded markets for wood products.

The fire endurance program was to be reviewed by Forintek's newly formed Task 
Force on Fire Research.

Research conducted at Forintek was to be coordinated with the overall fire 
endurance research efforts of the North American Wood Industry through 
participation in meetings of:

the Fire Modeling Subcommittee of NAWPFRC at the Center for Fire 
Research, National Institute of Standards and Technology (NIST) in 
Gaithersburg, Maryland in June, 1991,

NAWPFRC in Arlington, Virginia in August, 1991, and

the National Forest Products Association (NFPA) Technical Advisory 
Committee's Subcommittee on Fire Performance of Wood, in Arlington, 
Virginia in August, 1991.

To promote Forintek's fire endurance research, a paper was to be presented at 
the Technical Meeting of the Combustion Institute (Canadian Section).

To ensure technology transfer with codes and standards organizations, Forintek 
was to contribute to deliberations related to testing and modelling of fire 
endurance of wood assemblies undertaken by the Standing Committee on Fire 
Performance Ratings (National Building Code of Canada), Underwriters' 
Laboratories of Canada, ASTM E05, and the International Organization for 
Standardization (ISO) TC92.
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5.0 RESULTS AND DISCUSSION

5.1 MATHEMATICAL MODELLING

To develop a mathematical model for the fire endurance of a gypsum-board / 
wood-stud wall assembly, heat transfer through gypsum board exposed to fire 
must first be modelled. During 1990/91, a heat transfer model to predict the 
temperature profile in multiple layers of gypsum board exposed to the standard 
fire resistance test was developed and validated at Forintek.

During 1991/92, J.R. Mehaffey presented two papers summarizing Forintek's 
model. The first, entitled "The Development of a Fire Resistance Model for 
Wood-Stud Walls", was presented on May 29 at the University of Ottawa during a 
meeting of the Canadian Section of the Combustion Institute. A more detailed 
version of the paper was presented June 20 at NAWPFRC's Fire Modeling of Wood 
Products Subcommittee Meeting in Gaithersburg, Maryland. A copy of the 
abstract of that paper is attached as Appendix I.

A model to predict heat transfer across the cavity in a gypsum-board / wood- 
stud wall assembly has been developed. The model accounts for radiant and 
convective heat transfer between the wallboards and studs comprising the 
cavity's boundaries. Comparisons of model predictions and the results of fire 
endurance tests have indicated that it is essential to incorporate mass 
(moisture) movement into the model. Appropriate revisions are proceeding.

To improve their portability, the heat transfer programs under development at 
Forintek have been reformatted to run on personal computers (IBM compatible). 
All subsequent development of the models will continue in this medium.

During the June 20 meeting of NAWPFRC's Fire Modeling of Wood Products 
Subcommittee, an Ad Hoc Task Group on Fire Endurance Modelling was formed to 
begin the process of coupling Forintek's heat transfer model with structural 
models. The Task Group, consisting of Marc Janssens (NFPA), Robert White (US- 
Forest Products Laboratory), Brad Douglas (NFPA) and J.R. Mehaffey, held its 
inaugural meeting in August in Arlington, Virginia. A work plan was drawn up 
to develop a fire endurance model for protected wood-joist floor assemblies. 
The model will be a synthesis of Forintek's heat transfer model for gypsum 
board, an empirical heat transfer model for joists to be developed jointly by 
Forintek and NFPA, and NFPA's structural model for wood-joist floors.

Work has commenced on writing a paper for publication in the journal Fire and 
Materials and for presentation at the Fire and Materials Conference in 
September 1992. Entitled "Heat Transfer through Wood-Stud Wall Assemblies 
Exposed to Fire", the paper summarizes the experimental program Forintek 
conducted in collaboration with the National Research Council (NRC) and 
introduces Forintek's heat transfer model for gypsum board. A copy of the 
abstract of the paper is attached as Appendix II.
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To aid in validating Forintek's heat transfer models, nine small-scale tests 
were conducted in collaboration with Weyerhaeuser's Fire Technology 
Laboratory. In these tests wall assemblies were subjected to a "square-wave" 
heat flux rather than the time-dependent heat flux inherent in the standard 
fire resistance test. A preliminary review of the data suggests they will be 
extremely valuable for model validation. A final report summarizing the tests 
is being prepared by Weyerhaeuser.

5.2 JAPANESE INITIATIVE

Over the last few years, the Council of Forest Industries of British Columbia 
(COFI) and the federal government have jointly participated in initiatives to 
foster construction of three-storey wooden apartment buildings in Japan. If 
successful, this could yield a significant market expansion for Canadian wood 
products. However, the initiatives, developed in response to American trade 
threats, have met with some resistance in Japan. To ensure the market is 
realized, there is a need to counsel the Japanese in revising their building 
regulations so that such buildings can be constructed not only in a fire-safe 
manner, but also in a cost-effective manner. To assist in this process, J.R. 
Mehaffey was appointed to the Japan-Canada-U.S.A. Building Experts Committee. 
Project objectives were revised at the request of Forestry Canada (FC) to 
reflect this commitment.

On March 25 and 26, 1991, L. Richardson travelled to Japan to participate in a 
Building Experts Committee meeting on Dr. Mehaffey's behalf. A detailed trip 
report summarizing his findings was prepared and submitted to Canadian members 
of the Committee.

Subsequently, Forestry Canada (FC), Industry, Science and Technology Canada 
(ISTC) and External Affairs Canada appointed J.R. Mehaffey to coordinate 
Canada's technical participation in a test program conducted by the Building 
Research Institute (BRI) in Japan. Seismic and fire tests were conducted on a 
full-scale three-storey wood-frame apartment building during the fall of 1991. 
The tests were intended both as a research tool to generate data on the spread 
and severity of fires in such buildings, and as a demonstration of the 
integrity of proposed legislation to permit three-storey wooden apartment 
buildings in Japan.

The Canadian Coordinating Group on the Japan Fire Test met September 4 to 
discuss the proposed seismic and fire tests. During the meeting, it was 
decided that J.R. Mehaffey would travel to Japan twice during the fall.
Later, on September 25, Dr. D. Yung of NRC and J.R. Mehaffey met to develop a 
checklist of questions to pose to Japanese scientists on Mehaffey's first 
visit. The checklist is attached as Appendix III.

In a related matter, on September 23 & 24, J-C. Havard, J.R. Mehaffey and L. 
Richardson participated in the 10th Canada-Japan Housing Committee Meeting in 
Ottawa. The Committee was established in 1973 to foster bilateral cooperation
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in housing and to encourage a greater use of wood-frame construction in Japan. 
It played a role in revisions to Japanese building codes which permitted 
three-storey 2x4 framed houses for the first time in 1987. The agenda for the 
meeting covered such topics as the supply and demand of wood building 
products, urban development, home financing programs, building standards, 
energy efficiency, automation in housing, and developments in manufactured 
homes. A trip report summarizing the meeting is attached as Appendix IV.

From October 6 to 12, J.R. Mehaffey visited Japan to confer with BRI 
scientists conducting the seismic and fire tests. First-hand information was 
collected on construction details and test procedures to be followed so that 
Canadian delegates would be fully informed in advance of the tests and the 
Building Experts Committee meeting. A detailed trip report summarizing his 
findings was written and is attached as Appendix V.

Between November 17 and December 7, J.R. Mehaffey returned to Japan to 
participate in post-seismic damage assessments of the test building, witness 
the fire test and participate in the Building Experts Committee meeting on 
December 6. During that period he visited several groups interested in fire 
and 2x4 construction, and, on November 28, delivered a three-hour seminar at 
the Canadian Embassy entitled "Fire Safety in Residential Buildings: The 
Canadian Perspective". A detailed trip report is attached as Appendix VI and 
the text of his seminar is attached as Appendix VII.

Despite the excellent performance of the structure in both the seismic and 
fire tests, the Japanese remain cautious. Although they intend to permit 
construction of three-storey wooden apartments, they will do so by enacting 
stringent prescriptive requirements. Since Dr. Mehaffey's return from Japan, 
his efforts to allay the concerns of Japanese building officials have 
continued. To this end, he has prepared comments on:

1. Documents distributed by the Japanese delegation during the third 
meeting of the Building Experts Committee (see Appendix VIII),

2. The fire test report issued by. Japan (see Appendix IX), and
3. The proposed technical standard for three-storey wooden apartments (see 

Appendix X).

5.3 TECHNOLOGY TRANSFER

On April 3, J.R. Mehaffey witnessed one in a series of six full-scale exterior 
wall tests conducted for the Canadian Wood Council (CWC) at NRC's National 
Fire Laboratory in Almonte. The series of tests demonstrated that, for some 
exterior wall assemblies containing combustible materials, the potential of 
fire spread between buildings as a result of radiant ignition is minimal. CWC 
intends to propose changes in the building code permitting the use of such 
assemblies in low-rise commercial buildings required to be of noncombustible 
construction.
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J.R. Mehaffey and L. Richardson met with John Lowood of the Structural Board 
Association (SBA) on October 18 to discuss the fire resistance of exterior 
wall assemblies incorporating oriented-strandboard (OSB) sheathing. During 
the meeting a test was designed which subsequently provided sufficient data to 
support SBA's proposal for an entry for OSB in the component additive method 
of the Supplement to the National Building Code of Canada.

On October 30, J.R. Mehaffey participated in a Workshop on Fire Model 
Verification, Selection and Acceptance convened by the International Council 
for Building Research (CIB) W14 in Gaithersburg, Maryland. As ISO TC92 on 
Fire Standards has formed a Subcommittee on Fire Safety Engineering, and, as 
much of CIB's work involves pre-standardization activities in support of ISO, 
the workshop was designed to provide guidance on fire model verification and 
subsequent acceptance as a key ingredient in fire safety engineering.
Mehaffey led a session on the ASTM Guide on Validation of Fire Models. The 
guide was judged a good starting point for ISO's work.

On March 13, J.R. Mehaffey and L. Richardson participated in a Workshop 
entitled "Issues Facing the Wood Truss and I-Joist Industry". The workshop 
was sponsored jointly by the Canadian Wood Council and Forintek in Vancouver.
A major thrust of the workshop was to update industry representatives on fire 
issues related to engineered wood building systems and on what is being done 
to counter pressures to restrict the use of these systems.

During the year, efforts were taken to assure that the project is addressing 
well defined market access needs of the wood industry. To this end, several 
meetings were held with R. McPhee of the CWC. In addition, on September 30, 
J.R. Mehaffey participated in a meeting of the Forintek Task Force on Fire 
Research. This Task Force was formed to scrutinize Forintek's fire program to 
assure it displays the highest levels of scientific principle and significance 
for future markets for wood products. Recommendations developed during the 
meeting are impacting upon the direction of the fire program. Finally, 
presentations outlining the fire program were made by Dr. Mehaffey to 
Forintek's Technical Advisory Committee on Building Systems and to Forintek's 
National Research Program Committee.

To assure coordination of Forintek's fire endurance program with the overall 
fire endurance research efforts of the North American wood industry, J.R. 
Mehaffey participated in meetings of the NAWPFRC, NFPA's Technical Advisory 
Committee, and NFPA's Subcommittee on Fire Performance of Wood on August 13-15 
in Arlington, Virginia.

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 endurance models 
under development by Forintek. As a member of an Underwriters' Laboratories 
of Canada's task group, Dr. Mehaffey is participating in the preparation of a 
design document summarizing simple methods for calculating fire resistance
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ratings for wood, concrete and steel assemblies. He is also active in the 
development of international fire test and fire modelling standards as a 
member of both ASTM E05 on Fire Standards (4th Vice-Chairman) and the Canadian 
Advisory Committee for ISO/TC92 on Fire Tests for Building Materials.

Dr. Mehaffey also serves on the Standing Committee on Fire Performance Ratings 
which is responsible for Chapter 2 of the Supplement to the National Building 
Code of Canada. This chapter has a major impact on the use of wood-based 
building systems. Dr. Mehaffey is chairman of the Standing Committee's task 
group reviewing the component-additive method for assessing fire resistance 
ratings of light-frame assemblies. During the year, the task group prepared a 
report proposing significant revisions to the method and forwarded it to the 
Standing Committee for review.

On October 24 and 25, J.R. Mehaffey participated in a Standing Committee 
meeting. There were three significant developments related to the component 
additive method; the first two of which weaken the utility of the method. 
Firstly, it is proposed that entries for regular gypsum board be deleted as 
density specifications in the CSA gypsum board standard have been dropped and 
it is no longer possible to guarantee minimum fire performance. Secondly, as 
there are limited test data to support entries for sheathing and cladding in 
Table 2.3.D, it is proposed that the Table be dropped. Finally, a Canadian 
Wood Council submission for inclusion of a 15 min entry in Table 2.3.C for 
wood studs 600 mm o.c. received Standing Committee support.

Wood industry representatives met on December 16 to discuss these proposed 
changes. In attendance were J-C. Havard, J.R. Mehaffey, L. Richardson, and D. 
Onysko of Forintek; E. Jones and R. McPhee of CWC; J-L. Carrière of COFI and 
J. Lowood of SBA. Participants agreed to assemble data on the issues. An 
industry response to the Public Comment cycle of the building code development 
process will be formalized during a meeting on April 23.

Two papers summarizing work conducted before Dr. Mehaffey joined Forintek, but 
related to fire resistance requirements for structures were published this 
year. They were: D. Yung and J.R. Mehaffey, "Fire Resistance Requirements for 
Rubber-Tire Warehouses", Fire Technology 27., 100-112 (1991); and F.R. Steward, 
L. Morrison and J.R. Mehaffey, "Full Scale Fire Tests for Ship Accommodation 
Quarters", Fire Technology 28, 31-47, (1992).

Finally a list of presentations made by J.R. Mehaffey during the year is 
included as Appendix XI.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

This progress report summarizes work carried out between April 1991 and March 
1992 on a long-term research project to develop a mathematical model for the 
fire endurance of gypsum-board / wood-stud wall assemblies. An overview was 
presented summarizing progress towards the development of models to predict 
heat transfer through the components of a wall (gypsum board, air cavity and 
wood studs) when the wall is exposed to fire. Arrangements to couple these 
heat transfer models with existing structural models were highlighted. A 
discussion was given of Forintek's role in an initiative seeking revisions to 
Japanese building regulations to permit for the construction of three-storey 
wooden apartment buildings.

During 1992/93, recommendations offered by Forintek's Task Group on Fire 
Research and by NAWPFRC should be implemented. The component models should be 
finalized and assembled into a two-dimensional model for heat transfer in 
wood-stud wall assemblies. The heat transfer model should then be coupled to 
structural models to produce fire endurance models for wall and ceiling 
assemblies. These models should be used to develop data on boundary element 
performance for Forintek's project on fire risk assessment. To attain the 
overall program objectives, a paper summarizing the fire endurance models 
developed in this project should be written.

Finally, during 1992/93, Forintek should continue to respond to requests 
related to the revision of Japanese regulations to permit expanded markets for 
wood products in Japan.
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APPENDIX I
FIRE RESISTANCE MODELLING 

OF WOOD-STUD WALLS



THE DEVELOPMENT OF A FIRE RESISTANCE 
MODEL FOR WOOD-STUD WALLS

J.R. Mehaffey 
Forintek Canada Corp.

To inhibit the spread of fire and prevent premature collapse, building codes 
require that fire separations and structural elements within buildings exhibit 
prescribed levels of fire resistance. The fire-resistance rating of a building 
assembly is usually determined by subjecting it to a standard test in a full- 
scale fire-resistance furnace. Recent advances in fire science and computer 
technology offer the promise of a more flexible and cost-effective method for 
designing for fire resistance: mathematical (computer) models.

In this presentation, progress in the development of a mathematical model 
to predict heat transfer through gypsum-wallboard/wood-stud wall assemblies 
exposed to fire is described.

To facilitate model development the facilities of the National Fire 
Laboratory (NFL) of the National Research Council of Canada have been employed 
to:

1. measure the thermophysical properties (thermal conductivity, apparent 
specific heat, thermal expansion, etc.) of two gypsum wallboard products 
to provide data for Forintek's modelling efforts, and

2. conduct 4 small-scale and 2 full-scale fire-resistance tests on wall 
assemblies incorporating these products to provide data to aid Forintek in 
model development and model validation.

A brief discussion of the thermophysical properties of gypsum wallboard and the 
fire performance of gypsum-wallboard/wood-stud assemblies as determined in these 
tests is presented.

As a first step in developing the model for the complete assembly, a 
submodel has been developed at Forintek to predict the temperature-time profile 
in gypsum wallboard exposed to fire. The submodel employs finite-difference 
numerical methods to solve the one-dimensional partial differential equation 
describing heat transfer through the board. The analysis is complicated by the 
fact that gypsum is 21% by mass water of crystallization. Currently, the 
dehydration of gypsum is incorporated in the submodel, but moisture migration is 
not. The thermophysical properties of gypsum are treated as temperature 
dependent. Finally, to avoid numerical instabilities, an enthalpy formulation 
of the differential equation is employed rather than the standard temperature 
formulation.

A comparison of submodel predictions and experimental results for the 
temperature-time profile in an assembly comprised of 4 layers of 15.9 mm Type X 
gypsum wallboard exposed to the standard fire resistance test is presented. The 
submodel is shown to simulate heat transfer through gypsum wallboard rather well.

Progress in the development of submodels to describe heat transfer through 
the cavity and the wood studs present in gypsum-wallboard/wood-stud wall 
assemblies is presented. Once again the analysis is complicated by simultaneous 
heat and mass transfer and, in the case of wood studs, by complexities introduced 
by the pyrolysis of wood. A preliminary comparison of submodel predictions and 
experimental results from small-scale fire-resistance tests indicates that 
moisture migration through gypsum and into the cavity can not be neglected if a 
proper model for heat transfer through the cavity is to be developed. Further 
refinement of the submodels is underway.

Once completed and validated, the three submodels (for gypsum wallboard, the 
cavity and the wood studs) will be assembled into a two-dimensional model for 
heat transfer in wood-stud wall assemblies. The heat transfer model will then 
be coupled with existing structural models to predict the fire performance of 
fire-resistant building assemblies.
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APPENDIX II
HEAT TRANSFER THROUGH 

WOOD-STUD WALLS



Abstract prepared for submission to the Papers Committee for the Fire and 
Materials Conference to be held September 24 & 25, 1992 in Arlington, VA.

Heat Transfer through Wood-Stud 
Wall Assemblies Exposed to Fire

by
J.R. Mehaffey 

Forintek Canada Corp.
and

M.A. Sultan
National Fire Laboratory 

National Research Council of Canada

To facilitate the development of cost-effective and flexible design options, the 
North American wood industry has identified the need for models to predict the 
fire resistance of wood-frame building assemblies. Such assemblies derive much 
of their fire resistance from a protective membrane comprised of fire-rated 
gypsum boards. A simple model is presented to predict heat transfer through this 
membrane. Input data for the model in the form of thermophysical properties of 
gypsum board were developed employing standard bench-scale tests. Progress in 
the development of models to predict heat transfer across an air cavity and in 
wood-framing members is outlined. Small- and full-scale fire resistance tests 
have been conducted on gypsum-board / wood-stud wall assemblies to provide data 
for the validation of these heat transfer models. Plans to couple the heat 
transfer models with existing structural models to produce a fire resistance 
model are discussed.
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APPENDIX III
QUESTIONS FOR JAPANESE SCIENTISTS



MEETING REPORT 
Jim Mehaffey

File No: 31-65K-515

MEETING WITH DR. DAVID YUNG, NRC 
September 25, 1991 

National Research Council 
Ottawa, Ontario

The Canadian Coordinating Group on the Japan Fire Test met Sept. 4, 1991 to
discuss the 3-storey apartment fire test planned for Dec. 4. During the meeting 
it was agreed that I travel to Japan twice: from Oct. 6 to 11 and again from Nov. 
17 to Dec. 7. Dr. David Yung of NRC will also visit Japan from Nov. 17 to Dec.7.
The purpose of the first trip is to demonstrate to the Japanese our interest in 
the test and to identify construction and test details to assure we are briefed 
and prepared in advance of the test and the Building Code Experts Committee 
meeting of Dec. 6.
My itinerary is:

Oct. 7-9 - Visit BRI to meet with scientists conducting the test and to 
tour the 3-storey apartment building while it is being constructed 
and instrumented

Oct. 10 - Physical Culture Day - Return to Tokyo 
Oct. 11 - Meet with COFI and Canadian Embassy staff.

On Sept. 25, Dr. Yung and I met to consider what questions to pose to BRI 
scientists on my visit in order to fill in gaps in our knowledge about the test. 
The following list includes questions raised during our meeting as well as 
subsequent suggestions made by Les Richardson of Forintek.
QUESTIONS CONCERNING THE PURPOSE OF THE TEST
It is understood that the test is intended to demonstrate the integrity of 
Japanese building code revisions that will permit construction of three-storey 
horizontally-separated wood-frame apartment buildings in 1991. Nonetheless, it 
would be useful to determine the detailed scientific and technical goals the BRI 
scientists involved in the test have.
QUESTIONS CONCERNING CONSTRUCTION DETAILS

What are the construction details related to all wall and floor / ceiling 
assemblies? What are the product specifications related to the components of 
which these assemblies are constructed (studs, gypsum board, etc.)? Which walls 
are load-bearing and which are fire separations? What are the fire resistance 
ratings of the walls and floors, and the fire protection ratings of the doors and 
windows? What test methods were employed in determining these ratings? Does the 
building contain any special earthquake resistant features which may impact upon 
fire performance? Are doors leading to the means of egress self-closing? What 
are the characteristics of external projections (balconies, eaves, etc.) which 
could impact upon the spread of fire along the facade? What are the 
specifications of other fire protection features included in the building 
(sprinklers, smoke alarms, paints, etc.)
QUESTIONS CONCERNING THE SEISMIC TEST

Will the seismic test simulate an average, worse case or design earthquake? What 
are the mechanics (magnitude, frequency, direction) of the seismic simulation? 
How will its intensity be quantified (Richter scale)? Have 2x4 structures been 
previously subjected to equivalent exposures? Is it expected that the walls will 
be eccentrically loaded subsequent to the test?
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QUESTIONS CONCERNING THE DAMAGE ASSESSMENT
The current schedule has the seismic test conducted on Nov. 11 and the subsequent 
survey of damages on Nov. 20. Are these dates firm? Why the 9 day delay? Will 
we be able to participate in the damage assessment or conduct our own? If not, 
will be be able to get a report in English promptly?
QUESTIONS CONCERNING FURNISHINGS
What furnishings will be present in the building? What is the anticipated fire 
load? (Early indications were that the apartment of fire origin would contain 
real furniture and other apartments would contain wood cribs.)
QUESTIONS CONCERNING THE FIRE TEST

What is the intended fire scenario and why was it chosen? (Early indications were 
that it would be started in a wastepaper basket in the living / dining room of 
a first floor apartment.) Are fire spread along the facade and smoke spread into 
the enclosed stairwell still of prime interest? Will the window in the room of 
fire origin still be partly open, but all doors in the building closed?
FIREFIGHTING

It is understood that there will be no fire fighting activities. Is this 
correct?
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MEETING REPORT File No: 31-65K-515
J-C. Havard, J. Mehaffey & L. Richardson

TENTH CANADA-JAPAN HOUSING COMMITTEE MEETING 
September 23 & 24, 1991 

Government Conference Centre 
Ottawa, Ontario

The Canada-Japan Housing Committee was established in 1973 to foster bilateral 
understanding and cooperation in the field of housing and to encourage a greater 
use of wood-frame construction in Japan. It meets every other year, alternating 
meetings between Japan and Canada. The meeting offered an opportunity to meet 
with Japanese and Canadian delegates who also participate on the Building Expert 
Committee which is overseeing revisions to Japanese regulations to permit 
construction of 3-storey wooden apartment buildings.
The agenda for the two day meeting covered such topics as the supply and demand 
of wood building products, urban development, home financing programs, building 
standards, energy efficiency, automation in housing, and developments in 
manufactured homes.

Japan is Canada's largest overseas market for wood products and Canada is Japan's 
largest supplier of softwood lumber. Dimension lumber shipments from Canada to 
Japan total some 400 milliom fbm per year. Shipments of softwood plywood to 
Japan continue to expand annually.

Canadian 2x4 wood-framing techniques continue to enjoy increased acceptance in 
Japan. It is anticipated that 50,000 residential units will be constructed of 
2x4 construction in Japan in 1992.

The Japanese were particularly interested in several evolving housing practices 
in Canada. As housing in the northern parts of Japan could benefit from improved 
energy efficiency, they expressed a great deal of interest in the Canadian R-2000 
program and in research into indoor air quality. They were also very interested 
in developments in Canadian manufactured housing (both pre-fabricated and 
panelized).

As both Canadian and Japanese cultures are aging, much was said about housing for 
senior citizens. It appears that, in the near future, we will see a growth in 
automated features to ensure safe and efficient living for the elderly.
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TRIP REPORT 
J.R. MEHAFFEY

File Nos 31-65K-515

TSUKUBA & TOKYO, JAPAN 
Oct. 5-12, 1991

On Nov. 11, 1991, the Building Research Institute of Japan will subject a 3- 
storey horizontally-separated wood-frame apartment building to a deformation test 
simulating the effects of an earthquake. On Dec. 4, the building will be 
subjected to a fire test. The tests are intended to demonstrate the integrity 
of building regulations which will permit the construction of 3-storey wooden 
(wood-frame or post and beam) apartment buildings. Japanese estimate that the 
total cost of the tests will be $2 million, with industry picking up 50% of the 
tab and government the other 50%.
My trip of Oct. 5 to 12 was motivated by both technical and political 
considerations. On the technical side, it was considered necessary to get first 
hand information on construction and test details to assure Canadian delegates 
are briefed and prepared in advance of the tests and the Building Experts 
Committee meeting of Dec. 6. I would argue that the trip was extremely valuable 
in this regard. On the political side, the Canadian Coordinating Group on the 
Japan Fire Test deemed it essential to demonstrate interest so that Canada would 
continue to be invited to have input into Japan's evolving regulations on 2x4 
construction. Again, I think we achieved this objective.
This report summarizes my findings.

JAPANESE BUILDING REGULATIONS
Regulations governing the construction of buildings in Japan are contained within 
"The Building Standard Law of Japan". Unlike building regulations in Canada, 
this law is written by a Japanese government department, the Ministry of 
Construction.
Although buildings with wood structural elements (post and beam) have a long 
tradition in Japan, 2x4 construction, with the improved fire protection it 
provides, has been in use for only 17 years. It is estimated that 700,000 wooden 
residential units are constructed annually in Japan. Of these 500,000 (71.4%) 
are post and beam construction, 150,000 (21.4%) are prefabricated, and 50,000 
(7.2%) are 2x4 construction.

To prevent conflagrations involving the spread of fire to many buildings, land 
in Japan is divided into the following zones:

1. fire protection zones in which 1 storey wooden residential buildings are 
permitted provided the floor area does not exceed 50 m2 (Article 51),

2. quasi-fire protection zones in which 1, 2 and 3 storey wooden residential 
buildings are permitted provided they are vertically separated (single 
family, townhouses, etc.) and the total area of all storeys does not 
exceed 1500 m2 (Article 52),

3. article 22 zones in which 1, 2 and 3 storey wooden residential buildings 
are permitted provided they are vertically separated and the total floor 
area does not exceed 3000 m2 (Articles 21 & 6), and

4. others (usually rural) in which, although building permits are not 
required, requirements in line with 3. above are generally enforced 
(Article 6).

The 3-storey vertically separated residential buildings permitted in quasi-fire 
protection zones, article 22 zones and others have been permitted since 1987. The 
Building Standard Law of Japan is to be revised by late 1991 or early 1992 to 
permit construction of 3-storey horizontally-separated wooden apartment buildings
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in article 22 zones and others. Initially they will be restricted to a total 
floor area not exceeding 1000 m2, although the area allowance is expected to 
increase to 3000 m2 in 1993. It is not clear whether sprinklers and fire alarms 
will be mandated in such buildings as they are not regulated by the Building 
Standard Law but by a fire services law.

Japanese building regulations require structural design employing engineering 
calculation methods for 1 or 2-storey buildings whose total area (of all storeys) 
exceeds 500 m2 and for all 3-storey buildings independently of their area. This 
is much more stringent than in Canada. In addition, engineering structural 
design employs working stress design techniques (as in the U.S.A.) as opposed to 
limit state design techniques (Canada) and accounts for seismic, wind, snow, live 
(occupancy) and dead loads.

It is interesting to note that the Building Standard Law regulates interior 
finish materials on the basis of criteria based on noncombustibility / 
combustibility, heat release, smoke production (obscuration) and toxicity. 
Toxicity requirements, which apply only to special buildings (e.g. health care 
facilities, assembly buildings) permit lining materials with smoke toxicity less 
than or equal to red lauan.

MEETINGS AT THE BUILDING RESEARCH INSTITUTE (BRI)
From Oct. 7 to 9, I visited the BRI to meet with scientists conducting the tests 
(Drs. Hasemi, Nakaya, Suzuki, Nakamura and Yasumura) and to tour the 3-storey 
apartment building while it was being constructed and instrumented.

BRI scientists look upon their research into fire and seismic safety for 3-storey 
wood-frame apartments as being divided into 3 phases:

1. fire resistance tests for building components,
2. a simulated seismic test on a full-scale building, and
3. a fire test on a full-scale building.

Fire Resistance Tests for Building Components
The current Japanese fire resistance test addresses only non-combustible 
structural assemblies. It is to be revised, however, along the lines of ISO 834, 
so that it can assess the performance of wooden assemblies.
Dr. Nakamura of BRI has almost completed an extensive series of fire resistance 
tests on wooden building assemblies. The tests are being conducted following the 
ISO 834 temperature-time curve. However, BRI's furnaces can not run at a 
positive pressure of 20 Pa as dictated by ISO 834, so they have to run at 10 Pa.

Fire testing of load-bearing exterior walls is being carried out with eccentric 
(off centre) loading to simulate the way such assemblies support floor and roof 
assemblies in practice. It should also be noted that, in Japan, exterior walls 
must be tested from both sides (i.e. 2 tests per assembly type) whereas in Canada 
they are usually only tested with the interior side exposed in the furnace.
Load-bearing interior walls were tested with symmetric loading. For wooden 
walls, there is little difference between eccentric and symmetric loading since 
once the studs start charring, even walls originally loaded symmetrically begin 
to experience eccentric loading. For this reason the new standard is expected 
to reference symmetric loading only.

There are two types of Japanese gypsum board: semi-noncombustible board and 
noncombustible board. Noncombustible boards are further classified as Type X or 
regular (non-Type x). Type X board, which comes in thicknesses of 12, 15, 18 and 
21 mm, contains glass fibres which reinforce the board and provide superior fire
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performance. Typically this board has a density of 750 kg/m3 (moderately higher 
than many North American Type X or C boards) and a free moisture content of 3%. 
Regular (non-Type X) board comes in thicknesses of 9, 12 and 18 mm, and, like 
North America's, contains no glass fibres. Japan does not have the equivalent 
of North America's Type C boards which contain both glass fibres and vermiculite 
(or perlite) and exhibit better fire performance than either regular or Type X 
boards. However, one Japanese manufacturer produces a special Type X board which 
is reinforced by a glass-fibre mat and, as a result, performs better than other 
Type X boards.

A wealth of data has been generated. As an example consider two floor / ceiling 
assemblies. Ceiling # 1 is comprised of 1 layer of 15 mm Type X board attached 
to wood joists with mineral wood insulation in the cavities. The subfloor is 12 
mm lauan plywood and the finished floor 12 mm decorative lauan plywood. Ceiling 
# 2 is comprised of 2 layers of 12 mm regular board attached to the wood joists 
with no insulation, but has the same subfloor and finished floor. Ceilings # 1 
and # 2 both have a 60 min fire resistance rating (ISO 834) and exhibit similar 
acoustic performance. In Canada builders would choose to use Ceiling # 1 as 1 
layer of 15 mm Type X imparts less weight (dead load) to the assembly; whereas, 
in Japan builders tend to opt for Ceiling # 2 as they find it easier for 
carpenters to instal 2 layers of the thinner regular board than one of the 
thicker Type X board.

The Purposes of the Seismic and Fire Tests

The seismic and fire tests will be conducted in such a manner that the combined 
effects of an earthquake followed by a fire can be determined. The purpose of 
the seismic test is to simply create deformations simulating post-seismic damage. 
It is the spread of fire and smoke in a building damaged by an earthquake that 
is of primary interest. For this reason there will be no repairs to the building 
between the seismic and fire tests.
During the fire test, BRI scientists intend to:

1. Monitor the efficacy of fire resistant building components to contain the 
fire in the apartment of origin and to prevent structural collapse,

2. Monitor the means of egress (corridors and staircase) to determine how 
long they remain tenable (free of smoke, toxic gases and high 
temperatures) for occupant escape,

3. Monitor flame projection out of windows of the room of fire origin,
4. Assess the effectiveness of fire alarm systems (smoke and heat detectors) 

in alerting occupants of the existence of fire, and
5. Determine the time at which a sprinkler in the room of origin would be 

activated. Charged (wet) sprinkler tests will be conducted by the Fire 
Research Institute in neighbouring apartments on the day following the 
fire test.

Construction Details

The building is being constructed for the Japan 2x4 Home Builders Association by 
Mitsui Home Co. Ltd. Although the design has undergone numerous changes, it has 
now been finalized.

Each storey of the structure contains an apartment of floor area 59.6 m2 and a 
simulated neighbouring apartment of half the area.

Exterior walls are load bearing. They are comprised of 2 layers of 12 mm regular 
gypsum board (staggered and mounted vertically), nominal 2x4 wood studs 455 mm 
o.c., glass-fibre insulation encased by aluminum foil, 9 mm lauan plywood 
sheathing, black construction paper, and a 12 mm exterior cladding of cement 
board with cellulosic fibres. Their fire rating, tested from the inside and
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outside, and in accordance with ISO 834 exceeds 60 min, the requirement 
anticipated in proposed legislation governing such buildings.
Interior walls between apartment units (party walls) are load bearing fire 
separations. They are comprised of 2 layers of 12 mm regular gypsum board 
(staggered and mounted vertically) on each side of nominal 2x4 wood studs 455 mm 
o.c. The cavities are filled with mineral wool insulation (no vapour barrier) 
to improve fire and acoustic performance. Their fire resistance rating (ISO 834) 
exceeds 60 min, the requirement anticipated in proposed regulations governing 
such buildings.
Interior walls within apartments are partitions only, not fire separations. They 
are constructed like the party walls but without insulation. Consequently their 
fire resistance rating (ISO 834) is in excess of 60 min although in the proposed 
regulations they need not demonstrate fire resistance.

Floor / ceiling assemblies are fire separations. They are comprised of 2 layers 
of 12 mm Type X gypsum board, nominal 2x10 wood joists 455 mm o.c., 50 mm of rock 
wool insulation, 12 mm lauan plywood subfloor, and 12 mm decorative plywood 
flooring. Their fire resistance rating, tested from below and in accordance with 
ISO 834, exceeds 60 min, the requirement anticipated in proposed regulations 
governing such buildings.
Japanese building practices are based on 910 mm modular units. As a consequence, 
wood joists in floors and wood studs in walls are spaced 455 mm o.c. In 
accordance with Japanese regulations, the joists are grade 2 and the studs 
standard grade (although some grade 2 studs are used). Joists and studs are S-P- 
F (spruce, pine, fir) and S-Dry (surfaced dry).

In accordance with Ministry of Construction Notification # 56, nail spacing for 
attachment of gypsum boards is 100 mm. Exposed joints between gypsum boards will 
be taped and puttied (presumably plastered) . The walls and ceilings will be 
wall-papered. No fire retardant or intumescent paints are to be used.
The staircase and exterior walls of the corridors are of 2x4 construction with 
9 mm lauan plywood, construction paper and the 12 mm cement board cladding on 
both sides of the studs. There is to be no insulation in the cavities. In 
accordance with common practice (except in the far north), the first-storey 
corridor will have glazing and hence be enclosed; whereas second and third storey 
corridors will be left open. The staircase is enclosed on all three levels.

In fire protection zones and quasi-fire protection zones, windows exceeding 0.5 
m2 in all buildings must be wired glass. Spatial separations aside, this is not 
generally the case for wooden buildings outside these zones. Nonetheless, all 
windows on the north, east and west sides of the building are wired glass; 
windows on the south side contain no reinforcement. It is on the south side of 
the building were fire spread from floor to floor along the facade is possible. 
It should be noted that small balconies on the south side will provide some 
protection against this mode of fire spread.

All doors leading from apartments to the public corridors are self-closing and 
fire rated. Doors within apartments are not fire rated.

Sprinklers, heat detectors and smoke detectors are installed in accordance with 
Japanese standards. The parts of the experiment related to the performance of 
such fire protection hardware are proceeding under the auspices of the Fire 
Research Institute, Fire Defense Agency, Ministry of Home Affairs.

The Seismic Test
The purpose of the seismic test is to create deformations in the building to
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simulate post-seismic damage. As in the 1987 tests on a 3-storey wooden house, 
hydraulic jacks will apply a lateral load on the building near the top of the 
third storey. This load is to be applied in a quasi-static fashion; that is, it 
will be varied slowly in a cyclic fashion. In the 1987 test, the ratio of the 
maximum lateral deflection to the height of application of the loads was 1/30; 
in the 1991 test, this ratio will be limited to 1/100 to 1/80. Based on dynamic 
modelling (time-history earthquake analysis), such lateral deformations have been 
found sufficient to simulate a major earthquake.
The gypsum board, which provides most of the fire resistance of the walls and 
ceilings, is expected to sustain little damage. It should stay in place but may 
experience some structural damage in the form of opening of joints (which are 
staggered), development of cracks in corners and some yielding at nails.
Windows are not expected to break as they are designed to endure deformations 
caused by earthquakes.

There will be no repairs between the seismic and fire tests.

The Damage Survey
Damage incurred as a result of the seismic test is to be assessed in two manners: 
by air leakage and by visual inspection.

On Nov. 7, that is, prior to the seismic test, the building compartments will be 
pressurized mechanically and standard air leakage tests conducted. On Nov. 18, 
that is, subsequent to the seismic test, these air leakage tests will be 
repeated. If air leakage has increased due to seismic damage (development of 
cracks and opening of joints), one may observe faster smoke spread and fire 
spread through the building.
Finally, on Nov. 20, a visual survey of damages will be undertaken by a team of 
experts. Canadian participation in this survey is welcomed.

Furnishings
The apartment of fire origin, which will be on the first storey, will contain 
real furniture. Other apartments will contain wood cribs and have a fire load 
typical of Japanese residences, 20-30 kg/m2 (the exact value has yet to be 
determined).

The Fire Test
The first item ignited will be a wood crib in the living / dining room (5.46 m 
x 3.6 m) of a first-floor apartment. This will yield a more severe initial fire 
(greater heat release rate) than one started in a wastepaper basket as was 
originally planned.

Unless broken during the seismic test, all windows will be closed. The only 
exception will be in the room of fire origin where one window will be opened 
sufficiently to provide air to the fire in the early stages. All doors will be 
closed. Again some may have incurred damage during the seismic test.
The test building will be heavily instrumented. Temperatures will be measured 
throughout the building and within many building assemblies by an elaborate array 
of thermocouples. The means of egress will be monitored to determine tenability 
in the staircase and in the first storey corridor by means of gas sampling 
instrumentation (CO, C02 and 02) , experimental mice, smoke obscuration and 
thermocouples. Heat fluxes will be measured at various locations within and

V 5



outside the building by heat flux gauges and infrared cameras. Finally, a video 
camera will be set up in a second storey apartment (with the recording unit 
outside the building) to monitor conditions in that apartment.

Firefighting

Fire fighters will observe the test, but firefighting activities are not 
anticipated. Extinguishment will be necessary only if fire spread to nearby 
structures becomes a threat. This seems unlikely and is certainly not expected 
before critical data has been collected and observations made.

PRESENTATIONS
I was asked to give a brief presentation to BRI's fire research group during the 
afternoon of Oct 8. I took the opportunity to speak not only about Forintek's 
fire research program, but also about Forintek's roles in Canadian delegations 
participating in the Shake 'n Bake Test (Dec. 4, 1991) and the Building Experts 
Committee Meeting (Dec. 6, 1991).

Later that evening I attended a lecture by Professor K. Kawagoe who retired 
recently from the Science University of Tokyo. A pioneer in fire science, he 
recently received a prestigious award from the Emperor of Japan. During his 
lecture he reminisced about his experiences conducting fire research over the 
course of his career. I felt I could not miss the opportunity to hear this great 
man speak even though he did so in Japanese.

MEETINGS WITH COFI AND EMBASSY STAFF
Nick Yazaki (Canadian Embassy) and Kenji Aono (COFI) travelled to Tsukuba on 
Tues. Oct. 8 to meet me and have lunch with Dr. Nakaya and myself. Following 
lunch Mr. Yazaki returned to Tokyo, but Mr. Aono remained in Tsukuba to accompany 
me for the rest of my stay at BRI.
During the morning of Oct. 11, I participated in a meeting at the Tokyo office 
of COFI. In attendance were John Powles (COFI), Kenji Aono (COFI), Masatoshi 
Tomoi (COFI), Nick Yazaki (Canadian Embassy) and myself. We discussed the 
findings of my visit to BRI, the nature of Japanese building regulations, a 
proposed itinerary for my next visit to Japan (including a presentation at the 
Canadian Embassy) and the Building Experts Committee Meeting (Dec. 6, 1991).

Following the meetings at the COFI office, I paid a courtesy call to David Wynne 
at the Canadian Embassy.

MINISTRY OF CONSTRUCTION
During the afternoon of Oct. 11, M. Tomoi (COFI) and I met with Mr. S. Utsumi, 
Director of Wooden Housing Promotion Section, Housing Bureau, Ministry of 
Construction. (Mr. Utsumi was co-chairman of the 10th Canada / Japan Housing 
Committee Meeting held in Ottawa Sept. 22-24, 1991.) He had contacted the Japan 
2x4 Home Builders Association who in turn contacted COFI to get a feeling for 
Canadian experience with fire spread in and fire insurance for 3-storey wooden 
apartment buildings.

It is thought that once such buildings are constructed, most Japanese living in 
them will want to own their own apartment. This then makes fire spread to 
neighbouring apartments and water damage due to sprinklers important issues. Mr. 
Utsumi pointed out that, in Japan, as most apartments are of reinforced concrete 
construction, fire spread and water damage are limited. To get a feeling for
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what might be experienced in Japan once 3-storey wooden apartment buildings are 
constructed, he wanted to know something of Canada's experience in this regard.
He expressed interest in Canadian fire insurance policies. Assuming premiums 
reflect the likelihood of fire spread, he wanted to know how the presence of 
sprinklers impacts upon premiums. He also wanted to know whether water damage 
(to gypsum board, insulation, etc.) caused by discharging sprinklers is a problem 
in Canada and whether insurance policies cover such damage.
He also expressed interest in the reparability of wooden apartment buildings 
which have incurred fire and / or water damage.

He asked for a rough response to his concerns by Friday Oct. 18, mentioning that 
statistics and details would be useful, but, given the timetable, professional 
judgement would suffice. He would like to receive more detailed information at 
a later date.

I forwarded what information I could assemble to M. Tomoi (COFI) by the morning 
of Friday Oct.18 (Tokyo time) and will provide more detailed information 
subsequently. M. Tomoi will continue to represent Canadian interests in this 
matter.
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TRIP REPORT 
J.R. MEHAFFEY

FILE NO. 31-65K-515

JAPAN
Nov. 16 - Dec.7, 1991

On Nov. 11, 1991, the Building Research Institute of Japan (BRI) subjected a 3- 
storey wood-frame apartment building to a simulated earthquake test. On Dec. 4, 
the building was subjected to a fire test. The tests were intended to 
demonstrate the integrity of regulations which will permit the construction of 
3-storey wooden apartment buildings.
This was my second trip to Japan this fall. During the first trip, I collected 
first-hand information on construction and test details. A report was written 
summarizing my findings.

The purpose of the second trip was to participate in earthquake damage 
assessments, to witness the fire test, to meet with Japanese groups interested 
in 2x4 wood-frame construction methods, and to participate in a meeting of the 
Building Experts Committee. This report summarizes the second trip.

The Seismic Test
BRI subjected the building to deflection tests to produce the damage one might 
expect following a major earthquake. Hydraulic jacks applied cyclic lateral 
loads on the test building along the third storey floor and, subsequently, along 
the second storey floor. Deflection was quantified by the angle through which 
the end wall of the storey of interest deflected and was expressed in radians 
(computed as the induced deflection / storey height).
A series of cyclic deflections with a period of one hour were to be induced along 
the third storey floor by three jacks. There was to be one cycle of amplitude 
1/900 radians, followed by one cycle of amplitude 1/600, three cycles at 1/300, 
three cycles at 1/150 and three cycles at 1/100. However, the building was 
stiffer than expected and the three jacks were unable to induce the last three 
cycles at 1/100. Instead, five cycles steadily increasing in amplitude from 
1/120 to 1/100 were executed.
Subsequently, six jacks were employed to induce a series of cyclic deflections 
with one hour period along the second storey floor starting with one cycle at 
amplitude 1/300, followed by one cycle at 1/150 and three cycles at 1/100.
An amplitude of 1/100 radians corresponds to a maximum deflection of + 25 mm. 
Dynamic modelling predicted such deflections would be experienced by this 
structure during a major earthquake.

Damage Assessment

Damage incurred as a result of the seismic tests was assessed by means of visual 
inspections and by air leakage studies.
Visual inspections indicated that damage was limited. None of the windows, all 
of which were designed to withstand earthquakes, broke. All doors could be 
opened and closed although several were not "square" in their frames. On the 
first and second storeys, joint compound and wallpaper covering joints between 
gypsum boards on walls experiencing delections in the plane of the wall developed 
fissures. Joints between gypsum boards in walls experiencing deflections 
perpendicular to the plane of the wall sustained limited damage. Walls on the 
third storey, and all ceilings and floors sustained little damage.
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Before and after the seismic test, various rooms were pressurized mechanically 
and tests conducted to determine whether air leakage had increased due to seismic 
damage (development of cracks and opening of joints). The air leakage 
characteristics of building components, such as windows, doors, walls, etc., were 
expressed in terms of an effective opening area; that is, the small open area 
which would permit for the same air leakage.
It was found that the seismic test caused moderate increases in the effective 
opening areas of some windows and doors, but no increase for walls, ceilings or 
floors. It should be remembered that walls and ceilings were covered by double 
layers of 12 mm gypsum board. As the joints of the two layers were staggered, 
cracks in the joint compond and wallpaper were not sufficient to cause an 
increase in air leakage. In any case, both before and after the seismic test, 
air leakage through building components was sufficiently low that it would be 
expected to to have little impact on fire growth or even fire spread. Of course, 
any leakage whatsoever is sufficient to permit for smoke spread.

All in all, the test building performed very well during the simulated earthquake 
and sustained little damage.

Fire Test Subcommittee
The Fire Test Subcommittee of the 3-Storey Wooden Apartment Building Development 
Committee is comprised of industry, academic and government representatives. The 
Subcommittee is responsible for planning, executing and preparing a report of the 
seimic and fire tests. I attended its final planning meeting on Nov. 22 at BRI 
during which final decisions for instrumentation and furniture location for the 
fire test were made.
It was considered very important that the test run on schedule at 10:00 am on 
Dec. 4 since up to 3000 observers were expected with several from as far away as 
Canada and the U.S.A. The weather was to be monitored and the test postponed if 
average wind speeds exceeded 7 m/sec (15.8 mph) with peak gusts not exceeding 10 
m/sec (22.5 mph). Under such conditions, smoke and even fire spread to 
neighbouring buildings could have become possible. It was also decided that only 
the most severe of rain storms would be considered reason to postpone the test.

The furniture arrangement in the living room / dining room / kitchen (LDK) was 
orginally determined assuming there would be a wall between the LDK and the 
"tatami" (Japanese) room. However, as a sliding "paper" door was built between 
these two rooms, the Subcommittee approved a change in furniture arrangement.
It was agreed ignition would be achieved by electrically heating an insulation 
board wrapped in plastic. A ten minute delay was anticipated between turning on 
the electric current and ignition.
It was decided the fire load would be 28 - 30 kg/m2. In the room of fire origin 
(LDK), the sofa was to be set on a load cell to provide for continuous weighing. 
In apartments on the second and third storeys, the fire load was to be piles of 
lumber.

To allow for collection of smoke in the first storey public corridor, its ends 
were to be enclosed with wired glass and its side with tempered glass. In this 
way, fire fighting, which was to commence before structural collapse and probably 
about an hour after ignition, could proceed by breaking the tempered glass.
It was agreed that a draft report would be prepared by Dec. 20 and a final report 
by Jan. 6.
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Ministry of Construction (MOC)
On Nov. 25, Aono-san (COFI), Yazaki-san (Canadian Embassy) and I visited Utsumi- 
san, Director of the Wooden Housing Promotion Section, Housing Bureau, MOC. 
Utsumi-san clarified the mandates of Japan's building code (The Standard Building 
Law of Japan) and Japan's fire code. The MOC writes the building code; whereas, 
the Ministry of Home Affairs writes the fire code. The building code addresses 
fire safety by regulating building design including the use of materials before 
and during the construction of buildings but, unlike its Canadian counterpart, 
does not regulate the use of sprinklers or fire alarm systems. It does, however, 
make allowances for the presence of sprinklers in determining spatial separations 
between buildings (see Article 112). The fire code addresses fire safety by 
regulating the use of the building following its construction and includes 
requirements for sprinklers and fire alarm systems.
The MOC is revising the building code to permit the construction of 3-storey 
wooden apartment buildings. It is intended that the building code will address 
fire safety objectives sufficiently that the fire code will not need revising. 
This would imply then that sprinklers will not be required in these buildings.
Following our meeting with Utsumi-san, we met with Inoue-san and Motokoi-san, 
Deputy Director and Chief Official respectively in the Building Disaster 
Prevention Section, Housing Bureau, MOC. This section writes the building code.
They shed light on fire protection districts (zones) employed in Japan. The 
total land area in Japan is 370,000 m2, but only 170,000 m2 are designated as 
either fire protection districts, quasi-fire protection districts or Article 22 
districts. On a national basis, 17% of this designated area is in fire or quasi
fire protection districts and 83% in Article 22 districts. However, 70% of Tokyo 
is in fire or quasi-fire protection districts and only 30% in Article 22 
districts.
Boundaries of these districts are determined by municipalities under an urban 
planning law. Fire protection zones are intended to stop the fire spread from 
building to building encountered in conflagrations. They often form a belt along 
major streets in urban areas and are primarily commercial areas. Quasi-fire 
protection districts are adjacent to fire protection districts and are usually 
mixed commercial / residential areas that are densely populated. Article 22 
districts are residential areas. In other districts (non-designated districts) 
any building is permitted although it must meet minimum standards.
Building regulations are being revised to permit 3-storey wooden apartment 
buildings in Article 22 and non-designated districts (together referred to as 
non-fire protection districts). In April 1992, these buildings will be permitted 
provided their total floor area (all storeys) does not exceed 1000 m2, but the 
permitted area is expected to go to 3000 m2 in April 1994.

In 3-storey (and higher) apartment buildings, enclosed public corridors and exit 
stairways must be equipped with smoke exhaust systems which are rather expensive. 
As a consequence, Japanese tend to opt for external open public corridors rather 
than for enclosed public corridors as in Canada.
In Japan, it is standard practice to have rated fire separations between 
apartments but this is not required if apartments are equipped with smoke exhaust 
systems. There are no equivalent provisions in the National Building Code of 
Canada.
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In single-family houses, wood finish is permitted on walls. However, 3-storey 
apartment buildings must be fire-proof and, as such, wood finish is permitted 
only in apartments enclosed by rated fire separations of floor area < 200 m2. 
If the floor area is larger, fire retardant treated wood is permitted. Neither 
wood nor fire-retardant treated wood are permitted in public corridors or exit 
stairways.

Japan 2 x 4  Home Builders Association
On Nov. 25, Aono-san, Yazaki-san and I visited Kajiyama-san, executive vice- 
president of the Japan 2 x 4  Home Buildiers Association.
He had recently heard that the proposed regulations for 3-storey wooden apartment 
buildings would require fire resistance ratings of exterior walls from both the 
inside and the outside. We do not require fire resistance ratings from outside 
buildings in Canada. He felt the proposal was related to the Japanese fire 
district concept in which one attempts to protect buildings from external 
exposures and to expel wooden buildings from cities to reduce the total amount 
of combustibles.
Kajiyama-san stressed Japan's concerns about earthquakes followed by fire. In 
1923, the great Kanto earthquake and fire resulted in 130,000 deaths in Tokyo. 
Authorities fear that after an earthquake, traffic congestion and collapsed 
buildings could prevent fire fighters from getting to fires. This requirement 
is an attempt to ensure that, following an earthquake, buildings retain some fire 
resistance from the outside even if fire fighters are unable to get to the fire.
He also expressed concern that the recent Oakland fire with its devastating 
consequences will cause the MOC to demand more fire protection in proposed 3- 
storey wooden apartment buildings. In this way, the cost such construction may 
become prohibitive. This would be most unfortunate as 3-storey wooden apartments 
would make good use of scarce land. In fact, although the regulations will not 
permit it, the natural demand for such structures would be n quasi-fire 
protection districts.

Mitsui Home Co. Ltd.
On Nov. 25, Aono-san, Yazaki-san and I visited Watanabe-san and Ng-san of Mitsui 
Home Co. Ltd. Mitsui was formed in 1974 to build houses employing 2 x 4  
construction techniques; 1974 was, in fact, the first year such houses were 
permitted in Japan. Since then, Mitsui has grown into the largest builder of 2 
x 4 residential buildings in Japan. With an annual construction rate of 10,000 
residential units, it has captured 20% of the Japanese 2 x 4  market. To deliver 
such a large number of units each year, Mitsui employs computer-aided design 
(usually by consultants) and "just-in-time" manufacturing strategy on the 
construction site. Much of the dimensional lumber employed by Mitsui is imported 
from Canada.

Although Japanese regulations will not permit 3-storey wood-frame apartments 
until April, 1992, Mitsui has already developed several complete designs. Mitsui 
did so by hiring American consultants as there are currently no Japanese 
designers sufficiently familiar with 3-storey 2 x 4  buildings.

For its 2 x 4  housing operations to remain profitable Mitsui believes the future 
lays in "panelized" housing and in selling franchises to small local contractors.
Mitsui has experienced frustration in getting novel foreign products accepted for 
use in Japan. Although acceptance can be granted by the Building Center of Japan 
(See Section 38 of the Standard Building Law of Japan), in practice, it usually 
comes slowly even after expensive testing has been completed. Such delays
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frustrate Americans also as they see the process as a barrier to trade. Mitsui 
and American interests have recently experienced great difficulty in getting 
approval for using OSB / polystyrene sandwich panels as exterior walls for 
residential units.

Fire Subcommittee

The Fire Subcommittee of the 3-Storey Wooden Apartment Building Development 
Committee is responsible for developing the fire safety requirements which will 
appear in the revised Building Standard Law. I attended a Subcommittee meeting 
during the morning of Nov. 28 at the Building Center of Japan.
The Subcommittee is concerned that, although a 3-storey wooden apartment building 
may not collapse in a major earthquake, noncombustible cladding may be damaged 
or come off. To ensure the structure still has some resistance to exterior fires 
which are bound to occur following an earthquake, some Subcommittee members 
believe a fire resistance rating of 1 hour should be required from both the 
inside and outside of exterior walls. This despite the fact that it is known 
that 80% of Japanese wooden structures inherently have at least 30 minute fire 
resistance ratings.

The Subcommittee discussed the fire test planned for Dec. 4 and agreed the fire 
department should begin extinguishing operations when the fire spreads to the 
second storey. They did not want to see the structure collapse as they expected 
spread to the second storey to occur through doors and exterior windows rather 
than through the floor. It was considered ideal if suppression operations began 
after about 70 minutes of testing.

The Subcommittee reaffirmed its intent to require 1 hour fire resistance ratings 
throughout the building. It is concerned that studs could start charring too 
early if only 45 minutes were required (as in Canada). They want to ensure the 
fire department gets set up before the building's structural integrity is 
challenged.
The Subcommittee also expressed support for the following positions: 

exit stairways are needed at opposite ends of corridors,
corridors and exit stairways must not be compromised by smoke but must 
either be open to the air or, if enclosed, be equipped with a smoke 
exhaust system,
limiting distances to property lines should be 3 m or more depending on 
the size of openings,
in a wooden structure, restrictions should be placed on interior finish
independently of the presence of fire compartments as there is a need to
limit the overall quantity of combustibles,
fire stops should be required in concealed spaces, and
fire doors should be rated.

A report was submitted by a team of experts sent by the MOC to study the recent 
devastating fire in Oakland, California in which 25 people died and 2348 
buildings were lost, most in fact entirel burned. Most of the buildings were 
single family houses although several townhouses and seven wood-frame apartment 
buildings were lost. This fire occurred at a very inopportune time as far as 
initiatives to permit 3-storey wooden apartments are concerned.
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The Oakland fire spread quickly, 0.8 to 2.0 km / hour, in line with rates 
observed in large urban fires burning out of control in Japan. The report 
concluded the fire spread rapidly for the following reasons:

the relative humidity was low (10%) and the temperature high (32 C), 
winds averaged 16 m / sec and gusted to 30 m / sec, 
debris (leaves and branches) had collected on the woodland floor, 
eucalyptus trees planted in the area are oily and known to be a fire 
problem,
houses had been built within a very dry woodland area, 
many houses had combustible roof coverings,
poor communications between responding fire departments, and
fire fighting activities were hampered due to wide spread confusion during
evacuation of the area.

The team of experts pointed out the inherent danger encumbent with trends in 
Japan encouraging woodland environments to encroach into urban areas.

Seminar at the Canadian Embassy
During the afternoon of Nov. 28, I gave a 3-hour seminar, complete with 
subsequent translation, in the theatre of the Canadaian Embassy. The seminar was 
entitled "Fire Safety in Residential Buildings - The Canadian Perspective". 
About fifty engineers and architects, several of whom work for the Japanese 
government, attended. I felt the seminar well received.
The seminar provided an overview of fire safety objectives and requirements for 
residential buildings as specified in the National Building Code of Canada. 
Where appropriate, comparisons with Japanese regulations were made. Special 
emphasis was given to the permitted uses of wood products in residential 
buildings including those required to be of noncombustible construction. To the 
extent that statistics permitted, Canadian fire experience was shown to support 
the position that residential buildings designed to Canadian requirements are in 
keeping with fire safety objectives.

General Building Research Corporation (GBRO
On Nov. 29, Tomoi-san (COFI) and I visited Fujikawa-san, Yoshida-san, and 
Shohoin-san of GBRC in Osaka. GBRC's Fire Testing Department has been approved 
by the MOC, the Japanese Maritime Association and the Housing Loan Corporation 
as an authorized (certified) fire test laboratory. We were treated very 
hospitably and given a turn of their facilities which include:

furnaces for determining the fire resistance of building columns, beams, 
floors, walls and roofs,

- equipment for characterizing flammability characteristics (heat release, 
combustibility, smoke production, time to flashover (box test)) of 
interior finish materials, and
equipment for assessing the toxicity of combustion gases produced by 
burning interior finishes.

Canadian Consulate General - Osaka
On Nov. 29, Tomoi-san and I paid a courtesy call to Mr. Greenberg and Horiuchi- 
san of the Canadian Consulate General in Osaka. We discussed their plan to have 
an Osaka contractor build a Canadian 3-storey wood-frame apartment building for 
demonstration purposes once new building regulations are enacted. Following our 
meeting, I accompanied Mr. Greenberg and Horiuchi-san to a reception hosted by 
the Kyoto 2 x 4  Home Builders Association.
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American Technical Delegation
On Dec. 3, Aono-san and I met with the American Technical Delegation (to the 
Building Expert Committee) in Tsukuba.
1 expressed concern about the need for fire resistance testing of exterior walls 
from both sides. In principle, the Americans had no problem with this. They 
have however been pushing the Uniform Building Code (prepared by ICBO) in which 
two-sided testing of exterior walls is required for buildings other than 1 and
2 family dwellings. In the National Building Code (prepared by BOCA), testing 
on both sides is necessary only if the distance to the property line is less than 
5 ft (1.5 m) . As a consequence, the Americans did not feel they could argue 
against this requirement but agreed to support Canadian expressions of concern.
We agreed that during the Building Expert Committee meeting on Dec. 6, Canadians 
delegates would discuss fire performance testing and American delegates 
alternative methods for assessing fire performance (such as the component 
additive method).

The Fire Test
The fire test was conducted on Wed. Dec. 4 with more than 2000 observers on hand. 
The weather conditions were favourable: During the test the ambient temperature 
climbed from 10 to 17°C, the relative humidity dropped from 50 to 50%, and the 
wind speed remain constant at 1 m/sec.
A wooden crib was ignited at 10:00 am in the LDK (living room / dining room / 
kitchen) of a first storey apartment. (See Figure A.l in Attachment A for floor 
plan of first storey.) The crib fire grew steadily as a glass door, which 
connected the living room to the outdoors, had been left open sufficiently to 
allow fresh air to reach the fire.
A detailed chronology of the fire test can be found in Attachment B. Only 
significant events are highlighted here.
Heat and smoke detectors in the LDK operated sufficiently early to warn occupants 
to escape long before the means of egress were compromised by smoke or heat.
Although fire gutted the contents of the LDK and the tatami room the fire had not 
spread to the rest of the apartment of fire origin even after 1 hour. Damage to 
the structure of the building was minimal at this point.
After 1 hour, fire-fighters cut a hole in the ceiling above the tatami room and 
broke windows in the first storey. Subsequently, the fire spread to involve the 
entire apartment of fire origin including structural elements. At about 90 
minutes, the fire was extinguished for fear of structural collapse.
From the Canadian perspective, the test building performed well. Occupants were 
given sufficient warning to escape. The fire itself was characterized by two 
phases: one involving the contents of the building and a subsequent one involving 
the structural elements. Fire was contained to the apartment of origin even 
after 90 minutes of burning. There appeared to be little threat of fire spread 
from this burning building to (hypothetical) nearby buildings.

The Building Expert Committee
The Building Expert Committee met on Dec. 6, 1992. Presentations were made by 
Japanese, American and Canadian delegates on seismic and fire design strategies 
in their respective countries.
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Whereas, North American delegates were quick to point out how successful the 
"shake 'n bake tests" had been, it was clear from the discussions that the 
Japanese were not at all convinced. They expressed concern, for example, that, 
unlike what had transpired in the seismic test, a severe earthquake would have 
shaken loose interior and exterior protective membranes from the wood-framing. 
This would, in their judgement, result in a very dangerous fire scenario.
Furthermore, the Japanese were not mollified by what North Americans perceived 
to be a very successful fire test. They expressed concern that, no matter how 
well the building had performed, it would nonetheless have collapsed at some 
point and fire spread to other structures would have followed.
The Japanese presented documentation outlining principles for the development of 
technical standards for three-storey wooden apartment buildings. It was evident 
that the proposed regulations will not be expressed in performance-language. 
Much of the wording reflected a bias against the use of wood-frame construction. 
Both North American delegations agreed to provide detailed comments on the 
documentation before year's end.
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ATTACHMENT A

Figure A.l First s t or ey floor plan
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ATTACHMENT B

Time
0 : 0 0 : 0 0
0:00:30
0:00:49
0 : 01:00
0:01:04
0:01:40
0:01:50
0 : 0 2 : 0 0
0:02:30
0:02:30
0:03:00
0:03:05
0:03:12
0:03:12
0:03:40
0:03:57
0:04:00
0:04:00
0:04:50
0:05:00
0:06:00
0:06:00
0:06:00
0:07:00
0:08:00
0:08:00
0 : 11:00
0:11:30
0:11:30
0 : 12:00
0:13:30
0:16:00
0:16:30
0:18:00
0:19:15

0 : 2 0 : 0 0
0 : 2 2 : 0 0
0 : 2 2 : 0 0
0:24:00
0:25:00
0:25:00
0:28:00

0:29:00
0:30:00

0:30:00

0:30:00

Event______________________________________________________
Ignition of wooden crib in LDK 
Flame height (burning crib) is 1.0 m
Fixed temperature "home alarm" heat detector in LDK activates 
Flame height (burning crib) is 1.5 m
Rate-of-temperature-rise heat detector in LDK activates 
Smoke detector in LDK activates
Fixed temperature (70°C) heat detector in LDK activates
Flame height (burning crib) is 1.8 to 2.0 m
Flames above crib reach the ceiling in LDK
Thick smoke in the LDK limits visibility
Flames obscured by thick smoke in LDK
Smoke detector in Japanese room activates
Residential sprinkler (72°C) in LDK "activates" (no discharge) 
Smoke detector in hall activates
Glass door connecting LDK to outdoors begins breaking 
Rate-of-temperature-rise heat detector in hall activates 
Small window in LDK begins breaking
Dense black smoke issues from LDK to outdoors through the door 
"Flashover" appears to take place in LDK along with breakage of more 
glass
Black smoke visible in the Japanese room
Sliding doors between LDK and Japanese room burn through 
Balcony on second storey bathed in smoke
Thermocouples indicate that temperature in LDK has climbed to 1000°C 
Flames project from LDK to outdoors through the door and window 
Most of the glass in the door (LDK to outdoors) has fallen out and 
flames impact upon second storey balcony
Thermocouples indicate that sudden entry of fresh air into LDK due
to broken glass causes temperature to drop to 675°C
Small window in LDK is totally broken
Glass cracks in window (west) of Japanese room
Flames still project from LDK to outdoors through the window
Thermocouples indicate that temperature in LDK is climbing again
Glass door between LDK and hall falls down in flames causing rapid
increase in temperature in the hall
Door between hall and bedroom burns through
Glass begins breaking in window (west) of Japanese room and smoke
starts exiting
Smoke is visible in bedroom
Glass totally broken in window (west) of Japanese room and flames 
start exiting
Large flames project from LDK and Japanese room 
Part of ceiling in LDK falls
Smoke in LDK thins so flames within LDK are visible 
Traces of smoke visible in first storey public corridor 
Greater part of combustible contents in LDK have been consumed 
Thermocouples indicate temperature in LDK peaked at just below 
1000°C and has started to drop
Fire in Japanese room is weak although materials in the closet 
continue to burn
Fire in LDK and Japanese room is weak
Appears as though first (exposed) layer of gypsum board on ceiling 
of LDK is down in places
Thermocouples indicate surface of studs in all bearing walls of LDK 
are starting to heat up.
Thermocouples indicate surface of studs in wall between LDK and 
Japanese room undergo rapid temperature rise due to two-sided attack 
on wall.
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0:30:00
0:35:00
0:40:00
0:40:00
0:43:00

0:45:00

0:46:00
0:48:00
0:50:00
0:50:00
0:55:00
0:55:00
1 : 00:00
1 : 00:00
1 : 00:00
1:06:00
1:08:00
1 : 1 0 : 0 0

1 : 1 0 : 0 0
1 : 1 0 : 0 0

1:13:00
1:15:00
1:17:00
1:17:00

1:18:00
1 : 2 0 : 0 0

1 : 21:00
1:24:00
1:26:00
1:27:00
1:27:00
1:30:00
1:33:00

Thermocouples in bedroom indicate temperature suddenly soared to 
200°C (But it levelled off here until at least 1:00:00)
Fire in LDK is weak and back wall is visible
Thermocouples indicate surface temperature of studs in walls of LDK 
are over 450°C and studs are assumed to be burning
Thermocouples indicate joists in ceiling of LDK are starting to heat 
up
Gypsum board absent in places on both sides of wall between LDK and 
Japanese room due to two-sided fire exposure
Small flames observed in joints between gypsum boards in ceiling of 
LDK and in wall between LDK and Japanese room (Wood-frame is 
involved)
Fire has burned through first storey floor and entered crawl space 
below
Doorway between LDK and hall is visible and door appears to have 
burned through
At least one layer of gypsum board in place on LDK ceiling 
Glass door in second storey Japanese room appears to have cracks 
Thermocouples indicate temperature in some walls soared suddenly 
Small flames observed in joints between gypsum boards in ceiling of 
Japanese room
Slightly larger flames observed in joints between gypsum boards in 
ceiling of Japanese room
Thermocouples indicate that temperature in LDK has stopped dropping 
and levelled off at about 650°C
Fire-fighters cut hole in floor of second-storey Japanese room 
Still no fire visible in bedroom of apartment of fire origin 
Fire-fighters break wired glass window between bedroom and public 
corridor
Fire fighters break tempered glass between public corridor and 
outdoors
Ceiling materials falling in LDK and Japanese room
Fire starts growing again in LDK and Japanese room and temperature 
begins to climb again
Fire burning in bedroom and black smoke exiting through window 
Smoke emanating from ceiling in LDK develops into severe flaming 
Smoke emanating from walls in LDK develops into severe flaming as 
gypsum boards fall off
Fire-fighters who have monitored conditions in neighbouring 
apartment on first storey are still there 
Severe post-flashover fire in bedroom
Thermocouples indicate temperature is very high in cavities of walls 
and ceiling in LDK
Second pane of wired glass in window between bedroom and public 
corridor softens and then breaks
Fire in LDK involves ceiling joists which are now largely exposed
Sound insulation falling from ceiling in Japanese room
Now have a significant "structural fire" in LDK and Japanese room
Small flames project through cracks in exterior wall
High temperatures in walls and ceilings are thought to suggest
collapse is imminent
Fire-fighting commences
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APPENDIX VII
FIRE SAFETY IN RESIDENTIAL BUILDINGS



Fire Safety in Residential Buildings 
The Canadian Perspective

J.R. Mehaffey 
Forintek Canada Corp.

Introduction
I am pleased to have this opportunity to talk to you this afternoon about fire 
safety in residential buildings in Canada.
As you may know, in Canada we have built residential buildings of wood-frame or 
2x4 construction for a long time now. As such construction techniques are 
gaining popularity here in Japan, it seems probable that Canadian fire experience 
in this regard may be of considerable interest to the Japanese building 
community. Of course, in viewing Canadian experience as relevant to current 
Japanese practice, some account must taken of the differences in building 
regulations governing the construction of 2x4 buildings in the two countries.

Objectives
What I intend to do this afternoon is to present an overview of both fire safety 
objectives and requirements for residential buildings as specified in the 
National Building Code of Canada. Where appropriate, I am going to make some 
comparisons with Japanese regulations.
I intend to give special emphasis to the permitted uses of wood products in 
residential buildings and in particular to 2x4 construction practices.
To the extent that statistics permit, I will argue that Canadian fire experience 
supports the position that residential buildings designed to Canadian 
requirements are in keeping with fire safety objectives.

Building Regulations in Canada
Lets begin with a look at building regulations in Canada.
"Modern" building regulations first appeared in Canada at the turn of the century 
after some major conflagrations. Several cities (Quebec City in 1866, Saint John 
in 1877, Ottawa-Hull in 1900 and Toronto in 1904) suffered disastrous fires in 
which wide-spread damage resulted. These fires served as lessons which led to 
the introduction of regulations (in the form of municipal by-laws) governing 
distances between buildings, limitations on building heights and the use of 
combustible materials such as cladding on buildings.
In the 1930's there were in place numerous municipal building codes, all of which 
varied greatly in technical content and sophistication.

National Building Code of Canada
It became apparent that it would be beneficial both economically and technically 
if uniform construction requirements were adopted across the country.

As a consequence, the first edition of the National Building Code of Canada 
(NBCC) was published in 1941. (In 1990, the 10th edition was published.)
The NBCC is a national model set of requirements for the health and safety of the 
public in buildings. It is not itself a regulation.
However, each province in Canada adopts the NBCC, usually with some amendments, 
to form the basis of its building regulations.
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These building regulations are then uniform throughout the province.
These regulations are enforced by the various municipalities within the province.

How is the Code Written?
The NBCC is written employing a consensus approach in which there is direct input 
from all segments of the building community.
It is not written by a government agency such as the National Research Council 
of Canada (NRC). However, the NRC oversees the development of the NBCC by acting 
as publisher, and by providing technical and secretarial support to the code 
writers.
The NBCC is written by Committees which represent all segments of the building 
community.

This process whereby the NBCC is written, not by a government agency, but by 
Committees is quite different than the mechanism employed for developing the 
Building Standard Law of Japan.

Proposals for changes to the NBCC can be submitted at any time to the Committees 
by the public in general.
The Committees review such proposals and if the proposals are judged to be sound, 
the appropriate sections of the NBCC are redrafted. The redrafted sections are 
then sent to the entire building community to solicit comments in a process 
called public review.
The comments are reviewed by the Committees and if proposals are substantiated 
they move forward for inclusion in the next edition of the NBCC.
The NBCC is currently published complete with revisions every five years.

National Fire Code of Canada
The National Fire Code of Canada (NFCC) is published employing the same 
methodology. It is useful to note the differences between these companion
documents.

The NBCC establishes standards to provide for the health and safety of occupants 
of new buildings and buildings undergoing renovations. It is not a retroactive 
document however.

The NFCC assures the level of fire safety initially provided in the NBCC is 
maintained. For example, the NFCC regulates maintenance of fire safety 
equipment.
The NFCC takes over from the NBCC once the building is in operation.

National Building Code of Canada - Objectives
Lets take a more detailed look at the NBCC.
We'll begin by looking at the overall objectives. As I have already mentioned, 
the NBCC establishes minimum standards to provide for the health and safety of 
occupants.

With regards to fire safety then the NBCC's primary objective is to assure life 
safety; that is, to minimize injuries and deaths arising from fires. This 
accomplished by devising strategies to protect occupants in the event of fire and 
to provide for sufficient time to escape.
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It should be noted that the NBCC is directed towards life safety issues as 
opposed to property protection issues. Nonetheless, as shall become evident 
later, measures chosen to achieve life safety objectives often also improve 
property protection.
The primary objective is achieved by addressing a series of secondary objectives; 
the argument being that if the secondary objectives are met the primary objective 
will also be met.
To begin with it is recognized that the safety of occupants is improved if 
requirements can be set in place to limit the rate of fire growth.
Secondly, occupant safety is improved if compartment boundaries (walls, floors, 
ceilings) can resist the passage of heat, smoke and flames, and thereby contain 
the fire (perhaps within the room or, more likely, the compartment of fire 
origin). Other measures may also be required to assure that fire does not spread 
beyond the building of fire origin.
Clearly occupant safety is improved if measures are taken to assure that 
individual structural members and the building structure itself do not collapse.

It is also clear that the earlier occupants can be alerted to the existence of 
fire, the better chance they have of moving out of the area of danger before 
conditions become untenable.
For occupants to evacuate it is necessary that a safe means of egress to a safe 
destination (often the outside) be provided.
Finally, occupant safety can be improved if measures are taken to suppress the 
fire. This may mean requirements for automatic or manual suppression systems as 
well as requirements to allow access for fire fighters and provide for their 
safety during suppression operations.
Note first 3 and last of these secondary objectives not only improve life safety, 
but also play a property protection role.

Residential Buildings
The NBCC stipulates requirements for all types of buildings, be they offices, 
hospitals, apartments, or whatever. For the purposes of this seminar, I will 
narrow the discussion to NBCC requirements as they relate to residential 
buildings only.
The NBCC is divided into 9 Parts. Parts 3 and 9 have requirements relating to 
fire safety.

All requirements (fire structural, etc.) for small buildings are contained in 
Part 9. For the most part these would be wood-frame buildings usually of 2x4 
construction. They can be built employing the requirements in Part 9 by general 
contractors without the need for engineering expertise or calculations. Part 9 
requirements are generally quite prescriptive in nature, that is they describe 
precisely types of material and assembly to be used in particular circumstances. 
Such requirements make alternative design solutions difficult to justify.
On the other hand, larger buildings must be designed according to Part 3 (Fire 
Safety) and Part 4 (Structural Safety). Parts 3 and 4 cover large wood-frame 
buildings as well as large buildings constructed of concrete or steel. The 
critical point is that they must be designed by architects or engineers. In fact 
this applies not only to fire safety and structural safety but to heating, 
ventilating, air conditioning etc. Part 3 and 4 requirements tend to more 
performance based than prescriptive. That is, they set forth objectives which 
must be met to achieve a given level of safety. This provides for more
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flexibility since authorities can measure the solution provided by the designer 
against the given objectives.
To determine whether a residential building can be built according to Part 9 or 
whether it must be engineered to meet the requirements of Part 3 depends upon its 
size. Its size is defined in terms of building height and in terms of building 
area.
Building height = number of storeys contained between the roof and the

floor of the first storey.
First storey = the uppermost storey having its floor level not more

than 2 m above grade.
Building area = the greatest horizontal area of a building above grade

within the outside surface of exterior walls or within 
the outside surface of exterior walls and the centre 
line of fire walls. That is, for most buildings, the 
area of a single floor.

A significant difference between Canadian and Japanese practice occurs here. 
Canadian's use the area of a single storey to regulate the size of buildings; 
whereas, Japanese use the total area of all storeys.
As I have said, whether a residential building can be built according to Part 9 
or whether it must be engineered to meet the requirements of Part 3 depends upon 
its size.

According to the NBCC, Part 9 applies to buildings 3 storeys or less in height 
and with area not exceeding 600 m2. Larger residential buildings must be built 
according to Part 3.
As a typical apartment unit in Canada is about 100 m2, apartments buildings 
containing up to 6 apartment units per storey and not exceeding 3 storeys can be 
built according to Part 9. Note that in Japan the structure of such a building 
would have to be calculated on the basis of engineering design (working stress 
design); whereas in Canada it is not quite large enough to require such 
calculations (limit state design). (Seismic concerns in Japan.)
It should be noted that in Canada, the NBCC does not define fire protection zones 
as is done in the Building Standard Law of Japan. It is only the size of the 
building which determines whether it is built according to Part 3 or 9. There 
are no fire protection zones defined in urban or rural areas. Requirements in 
Part 3 and 9 are expected to be sufficient to prevent the spread of fire between 
buildings.

Figure 1 summarizes what I have said up until now.
In describing fire safety requirements in the NBCC, I'm going to explicitly deal 
with Part 3 requirements. It should be noted that Part 3 requirements are 
occasionally more stringent than Part 9 requirements.

Noncombustible Building Materials
One of the secondary objectives of the NBCC that we identified earlier was to 
limit fire growth. Controlling the combustible content of a building may play 
a role in achieving this objective. For this reason, building materials are 
classified within the NBCC as either combustible or noncombustible.
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A building material is classified as noncombustible if it meets the acceptance 
criteria in CAN4-S114-M80, Standard Method of Test for Determination of Non- 
Combustibility in Building Materials.
In the test a specimen is exposed in a small furnace to a temperature of 750°C 
for 15 min. (3 specimens must be tested.)
A material is considered noncombustible if:

* the mean of the maximum temperature rises < 35°C,
* there is no flaming of any of the 3 specimens after 30 seconds of testing, 

and
* the maximum loss of mass of any of the 3 specimens < 20%.

A material is considered combustible if it can not meet these criteria.
Materials judged noncombustible by this test method include:

concrete (noncombustible aggregate), gypsum plaster, steel, aluminium, 
etc.

Materials judged combustible include:
wood, gypsum board (paper covering), plastics, etc.

No surprises here really.
Noncombustible and Combustible Construction

The NBCC also makes a distinction between combustible and non-combustible 
construction.

Noncombustible construction = that type of construction in which a degree of fire 
safety is attained by using noncombustible materials for structural members and 
other building assemblies.

Noncombustible construction does not exclude the use of combustible buildings 
materials, but rather limits their use. A fair amount of combustible materials 
can be used since it is neither economical nor practical to construct a building 
entirely of noncombustible materials. I shall return later in this seminar to 
list what types of combustible building materials are in fact permitted.
Combustible construction = that type of construction that does not meet the 
requirements for noncombustible construction.
Loosely speaking then structural steel buildings or reinforced concrete buildings 
are usually of noncombustible construction; whereas, wood-frame or heavy-timber 
buildings will always be of combustible construction.

Combustible vs. Noncombustible Construction
Whether a building is permitted to be of combustible construction or required to 
be of noncombustible construction depends on the following factors taken in 
combination:

building height - number of storeys, higher it is the more likely it must 
be noncombustible construction,
building area - single floor area, larger it is more likely it must be 
noncombustible construction,
number of streets it faces - the more streets it faces the better the fire 
fighting access,
presence of sprinklers - slows down fire growth, and 
fire resistance ratings - of structural members.
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Before looking further into this question of whether a building is permitted to 
be combustible construction or required to be of noncombustible construction we 
need to know something about fire resistance ratings of building assemblies.

Fire Resistance Ratings
The fire resistance rating of a building assembly (wall, floor, column, etc.) is 
determined by subjecting a specimen to CAN4-S101-M82 (ASTM E119), "Standard
Methods of Fire Endurance Tests of Building Construction and Materials".
The specimen is tested in a large-scale furnace: If it is a wall, it forms one
wall of the furnace; if it is a ceiling/floor assembly, it forms the ceiling of 
the furnace; if it is a column it is tested mounted in the centre of a furnace; 
and so on.
The furnace is then heated in such a manner that the fire gases within it follow 
a prescribed temperature-time curve. This curve is deemed to be representative 
of real-world fires which have already entirely engulfed a space in a building.
The fire resistance rating is the time that the assembly successfully performs 
the following functions:
withstands the passage of flame - if it is a wall or floor it must withstand the 
development of cracks or any openings which would permit flames or hot gases 
through it sufficient to ignite cotton waste.
withstands transmission of heat - if it is a wall or floor it must withstand the 
transmission of heat so that the temperature on the unexposed side of the 
assembly does rise beyond 139°C (average) or 181°C (single point), 
supports load // stays in place - if it is a loadbearing wall, floor or column 
is must continue to support its load, if it is simply a partition wall it must 
stay in place.
Fire resistance ratings of building assemblies in Canada are usually given in 
discrete units such as 45 min, 1 hour, 1 1/2 hours, 2 hours, etc.
The NBCC requires some building assemblies to have fire resistance ratings for 
the following two reasons:
compartmentation - attempts to contain a fire. Fire resistant boundaries are 
required to inhibit the spread of fire from the compartment of fire origin.

- provide means of egress. Fire resistant boundaries are 
required to inhibit the spread of fire into the means of egress.
structural integrity - Fire resistant structural elements are required to assure 
that the building or parts of it do not experience premature collapse.

It is this second objective which interests at this point but we will be 
returning to look at compartmentation shortly.

Combustible vs. Noncombustible Construction
Lets return to Figure 1.
This figure summarizes NBCC requirements for residential buildings which 
establish whether a building is permitted to be of combustible construction or 
required to be of noncombustible construction.
We have already seen that residential buildings 3 storeys or less in building 
height and with area (single floor) not exceeding 600 m2 can be built of 
combustible construction following the prescriptive requirements of Part 9.
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Note also there are five sets of conditions under which a residential building 
can be built of combustible construction following the performance-based of Part 
3.
Lets take a look at one of these (perhaps the most common): a
residential building with building height of 3 storeys or less, with building 
area exceeding 600 nr, and with no sprinkler protection. According to Figure 1, 
such buildings can be constructed of combustible construction provided:

1. the building area does not exceed that listed in Table 3.2.2.E (attached), 
and

2. the requirements of Article 3.2.2.34. must be met.

Note: Proposed Japanese legislation will allow 3 storey wooden apartments
buildings of total area < 1000m2 in 1992 and < 3000m2 at a later 
date. However, Japanese buildings will require fire resistance 
ratings of 1 hour.

If we wish to build larger apartment buildings of wood-frame construction, we 
find we can do so by adding sprinkler protection. Figure 1 shows us that 
sprinkler protection doubles permitted areas of combustible construction.

For the first time in 1990, another provision was included in the NBCC for 
permitting areas to exceed those of Table 3.2.2.E, namely by increasing fire 
resistance requirements. Consider again a residential building with building 
height of 3 storeys or less, with building area exceeding 600 m2, and with no 
sprinkler protection. According to Figure 1, such buildings can be constructed 
of combustible construction provided:

1. the building area does not exceed that listed in Table 3.2.2.F (attached), 
and

2. the requirements of Article 3.2.2.35. must be met.
Once again, Figure 1 shows us that sprinkler protection doubles permitted areas 
of combustible construction.
Finally, 4 storey wooden apartment buildings were permitted by the NBCC for the 
first time in 1990. According to Figure 1, we see that such buildings can be 
constructed of combustible construction provided they are sprinklered and:

1. the building area does not exceed that listed in Table 3.2.2.G (attached), 
and

2. the requirements of Article 3.2.2.36. must be met.
Compartmentation

As I mentioned earlier, the NBCC employs compartmentation to contain a fire. 
Buildings are subdivided into compartments by fire separations which are required 
to have specified fire resistance ratings.
As depicted on this overhead, fire separations (or fire resistant boundaries) are 
required for two reasons:

* to inhibit the spread of fire from the compartment of fire origin, and
* to inhibit the spread of fire into the means of egress.

For residential buildings, each apartment and the means of egress must be 
enclosed by fire separations.
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If structural elements of an apartment building require a 45 min fire resistance 
rating, then fire separations require a 45 min rating, otherwise their rating 
must be 1 hour.

Note: Proposed Japanese legislation will require fire resistance ratings
of 1 hour.

Interior Finish
In an attempt to limit the rate of fire growth within the building, the 
flammability of interior finish materials employed on walls and ceilings are 
restricted in residential buildings. This flammability is quantified in terms 
of a material's flame-spread rating.
Flame-spread ratings are determined by mounting a specimen in the ceiling of a 
tunnel 7600 mm long, 450 mm wide and 300 mm deep, and subjecting it to a standard 
test CAN/ULC-S102, "Standard Method of Test for Surface Burning Characteristics 
of Building Materials and Assemblies".
Flame-spread ratings of some common interior finishes are as follows:

Building material________ Flame-spread rating
concrete 0

gypsum board < 25
fire-retardant treated wood < 25

solid wood < 150
6 mm Douglas fir plywood 1 150

In residential buildings, whether they are of noncombustible construction or 
combustible construction, the NBCC requirements are as follows:

Location___________________ Flame-spread rating
Exit stairways < 25
Public corridors < 75
Within apartments < 150

Fire Spread Between Buildings
As I mentioned earlier, at the turn of the century, several Canadian cities 
suffered disastrous fires in which fire spread from building to building causing 
widespread damage.

Early versions of the NBCC employed fire protection districts in dealing with 
this concern. This approach disappeared from the NBCC in 1953. In its place the 
NBCC regulates the flammability of roof coverings, spatial separations between 
buildings, and exterior wall construction.
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Roof Coverings
Roof coverings are often contributing factors in conflagrations. The NBCC 
requires that roof coverings be tested in accordance with CAN/ULC-S107, "Standard 
Methods of Tests of Roof Coverings". The test concentrates on three properties:

* the ease with which the roof covering can be ignited by direct flame or by 
burning brands landing on the roof.

* the extent of flame spread over the roof covering when a flame is directed 
onto the lower edge of the roof deck, and

* the tendency for flaming or glowing pieces of the roof covering to break 
loose in flying brands.

A roof covering that passes the test can be classified, according to its 
performance, as

* Class A (performs well under severe exposures).
* Class B (performs well under moderately severe exposures).
* Class C (performs well under less severe exposures).

The NBCC permits roof coverings that meet the Class C rating to be used for any 
building of combustible or noncombustible construction regulated by Part 3.
This C rating can be met by fire retardant treated wooden shakes and shingles. 
Fire retardant treated roof coverings must undergo weathering tests to ensure the 
treatment is not washed out by environmental factors such as rain or sunlight.

Spatial Separations
To prevent the spread of fire from a burning building to a neighbouring building, 
by either thermal radiation or by direct flame impingement through windows, the 
NBCC establishes minimum spatial separations between buildings. To understand 
these requirements, one must first understand the meaning of the term "limiting 
distance".
Limiting distance - distance from an exposing building face to a property line, 
the centre of a street, lane or public thoroughfare, or to an imaginary line 
between two buildings or fire compartments on the same property, measured at 
right angles to the exposing building face.
The limiting distance permitted by the NBCC depends upon

* area of the exposing building face.
* aspect ratio of the exposing building face, and
* percent of exposing area taken up by unprotected openings.

The relationship between these factors and a safe limiting distance was developed 
using tests conducted in Canada. It is assumed that a fire department can be on 
hand within 10 minutes of fire initiation.
As fire is not expected to spread rapidly through buildings divided into fire 
compartments, the NBCC permits the area of exposing building face to be 
calculated on the basis of individual fire compartments.
The aspect ratio is chosen as the larger of the ratios of the height to length 
or length to height of the exposing surface.
The relationship between permitted limiting distance, area of the exposing face, 
aspect ratio and percent of the exposing face formed of unprotected openings is 
shown in the next overhead.
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For a typical apartment, the area of the exposing building face can be taken as 
that of a single apartment which would be something like 2.4 m x 20 m = 24 m 2. 
The aspect ratio would be 10/2.4 = 4/1, so between 3/1 and 10/1. If windows 
represent 25% of the exposing area, then, from the table, the limiting distance 
(distance to the property line) must be 3 m, if it is 45% the distance would be 
4 m, and so on.

If sprinklers are present in the exposing building permitted areas of openings 
can be doubled (or the limiting distance reduced).
If wired glass windows are employed in the exposing building permitted areas of 
openings can be doubled (or the limiting distance reduced).

If both sprinklers and wired glass are used the permitted areas can be 
quadrupled.

Construction of Exterior Walls
Where the percentage of unprotected openings is restricted, the NBCC regulates 
the construction type and fire resistance rating of the rest of the wall to 
ensure that the radiating area does not increase during the fire.
The table in this overhead summarizes these requirements. Note that the 
requirements for noncombustible construction and cladding, and the fire 
resistance become less stringent as the permitted area of unprotected openings 
increases.

Occupant Load
In the NBCC, the need for a fire alarm system, and the number and size of exits, 
depends on the occupant load in a floor area.
For residential occupancies, the occupant load of a floor area is calculated 
assuming 2 persons per bedroom.

Fire Alarm and Detection Systems
The NBCC requires smoke detectors in apartments. This often only need be a stand 
alone unit.
In residential occupancies, an alarm system is generally required if the 
occupancy load exceeds 10 or the height exceeds 3 storeys.

Therefore 3 and 4 storey wood-frame apartments must have an alarm system.

Means of Egress
An apartment only needs to have one doorway leading to a public corridor.

A public corridor is simply a corridor which serves more than one tenant.

The public corridor must provide access in opposite directions to two separate 
exits. An exit is not part of the floor area but is a completely separate 
compartment which leads to the outside.
The NBCC has in place minimum widths for public corridors. It also regulates 
minimum widths for exits serving a floor area on the basis of occupant load.
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Wood in Noncombustible Construction
Our discussion to this point has related for the most part to NBCC requirements 
related to 3 storey wood-frame apartments. I would like to make a few comments 
about the permitted uses of wood in buildings required to be of noncombustible 
construction.
As mentioned earlier, in noncombustible construction, structural members and 
certain other assemblies must be constructed of noncombustible materials. 
Nonetheless, noncombustible construction does not exclude the use of combustible 
materials, but rather limits their use. A fair amount of combustible materials 
can be used since it is neither economical nor practical to construct a building 
entirely of noncombustible materials.

Wood is probably the most prevalent of combustible materials used in building of 
noncombustible construction. Permitted uses include:

wood furring 
roof coverings 
window and door frames 
finished flooring 
wood partitions 
FRT wood finishes
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APPENDIX VIII
COMMENTS ON

BUILDING EXPERTS COMMITTEE MEETING



Comments on Documents Distributed During the 
2nd Meeting of the Building Experts Committee 

Tokyo, December 6, 1991
J.R. Mehaffey 

Forintek Canada Corp.

Document FJ-1
Technical Standards for Three-Storied Wooden Apartment 
Houses and Wooden Buildings with the Same Performance 

as that of Quasi-Fireproof Buildings (Draft)

General comment
As building regulations continue to evolve in Canada, they are expressed more and 
more often in performance-based language. In this manner it is thought that 
equitable treatment of all materials and design philosophies can be achieved. 
We are therefore quite sensitive to what appears to us to be less favourable 
treatment of 3-storey wood-frame apartment buildings compared to other buildings. 
It is our contention that the fire performance of all apartment buildings should 
be expressed in common performance based language. We feel that as long as a 
building is meets these performance requirements it should be permitted. Many 
of our comments below reflect our concern that the proposed requirements often 
reflect what we see as an overly cautious attitude towards the use of wood-frame 
construction.

Fire resistance tests (page l)
It is encouraging to note that a Japanese version of ISO 834 is to be cited for 
assessing fire resistance ratings of building assemblies whether they are 
noncombustible or combustible. This adoption of a single test method rather than 
separate test methods (with different performance criteria) for noncombustible 
and combustible assemblies is clearly an important step towards equitable 
treatment of all types of assemblies and thus towards performance-based 
requirements.
We look forward to reviewing the Japanese version of ISO 834 when it becomes 
available. It may interest Japanese authorities and researchers to know that 
attempts are under way to compare ISO 834 with the North American tests CAN4-S101 
and ASTM E119.

Full-scale apartment building fire test (page 1)
We were pleased to be afforded the opportunity to participate as observers in the 
seismic and fire tests conducted on a 3-storey wood-frame apartment building.
It was encouraging to note how well the test building performed during the 
seismic test. It was difficult indeed to achieve the desired deflections of 
1/100 radians. That the damage to building components was limited, despite the 
level of deflection induced in the building, was reassuring.
It is clear that damages incurred in the seismic test had little impact on the 
fire performance of the test building. The fire was successfully contained to 
the room of fire origin and the Japanese room. This despite the fact the 
contents of these rooms were completely consumed. Although we await the results 
of full data analysis, it seems certain the there was sufficient time available 
for occupants of other apartments to evacuate. The fact that the structure
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(wood-frame) of the building was not involved until after fire fighters had 
intervened to break windows and cut holes in the 2nd storey floor speaks well for 
the level of fire protection afforded by such buildings.
It is our contention that these tests demonstrate that superior seismic and fire 
performance can be achieved with well designed wood-frame buildings.

Assumptions concerning fire fighting (page 2)
Fire safety requirements in the National Building Code of Canada are based on the 
assumption that fire fighting capabilities are available in the event of fire. 
For example, the minimum distance permitted between any building and the property 
line is based on the assumption that fire fighters can reach the building within 
10 minutes of the alarm being received; otherwise the minimum distance must be 
doubled. This applies whether the building is of noncombustible or combustible 
construction.
In contrast, in the proposed Japanese regulations, fire safety requirements for 
3-storey wooden apartment buildings are often more stringent (and more expensive 
to satisfy) because they are based on the assumption that fire fighters will not 
arrive at the scene of a fire. This is in response to the fear that should a 
fire follow an earthquake, fire fighters' access may be severely hampered. It 
is not common in Canada for such improbable "worse case" scenarios to form the 
basis for regulation. Nonetheless if this approach it to be taken in Japan, it 
would seem necessary to apply it to all buildings, not just 3-storey wooden 
apartments.

Fire resistance of exterior walls (page 3 )

In the proposed regulations load bearing exterior walls must exhibit a fire 
resistance rating of 1 hour when tested from the inside or the outside. 
Nonbearing exterior walls must also be rated from both sides. In Canada, we 
design buildings so that they do not expose neighbouring buildings to undue fire 
risks. As a consequence, we require a rating from the inside; however, such a 
building would not require a rating from the outside. It would appear to us that 
an allowance for waiving such external ratings would be appropriate once the 
distance to the property line exceeds a certain level. In fact, this could be 
applied to noncombustible construction as well.

Fire resistance of partition walls (page 3)
Partition walls are to have a fire resistance rating of 1 hour. Is a partition 
wall intended to refer to both nonbearing walls between apartment units (referred 
to as party walls in Canada) and to nonbearing walls completely within an 
apartment? Some clarification is required here. In Canada, each apartment is 
to be a fire compartment so that nonbearing partition walls within an apartment 
do not need to be rated for fire resistance.

The probability of fire occurrence (page 4)
It is inferred that the probability of fire occurrence is greater in 3-storey 
wooden apartment buildings than in other residential buildings. It is unlikely 
that this statement can be supported by statistical data. It would appear 
instead to reflect an overcautious attitude towards the use of wood in 
construction.
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Exterior wall set backs (page 6 )

It is appropriate to regulate a relationship between window size and distance to 
the property line for all buildings, be they of noncombustible or combustible 
construction. Some guidance on how this can be done is to be found in the 
National Building Code of Canada. It is our contention that all construction 
types should be treated equitably in this regard.

Ensuring evacuation safety (page 6 )

Particularly in buildings of the size discussed here, evacuation routes are 
generally compromised by smoke produced by the building contents in the early 
stages of the fire. As the 3-storey fire test demonstrated, if suppression is 
not successful, the structural frame of the building could become involved late 
in the fire, but long after evacuation is completed. There appears to be no need 
to require more stringent exit requirements here than for noncombustible 
buildings of equivalent size. Are two evacuation routes required for each unit 
in a noncombustible building of equivalent dimensions?
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Document FJ-2
Conceptual Approach Concerning the Standards 

for Interior Made of Wood Material

The method being employed to assess the fire performance of the noncombustible 
ceiling - wooden construction method is very much in keeping with methods often 
employed in Canada for judging the merits of proposed building code changes. One 
first attempts to determine whether the proposed design delivers fire performance 
equivalent to (or better than) that of designs already permitted by the building 
code (in this case, design employing fire retardant materials). If the proposed 
building code change can be shown to deliver the same level of fire safety 
inherent in existing provisions, it should be permitted. This approach is 
unquestionably of great utility and we look forward to reviewing research reports 
as they become available.
It may also be useful to look at the fire performance of the noncombustible 
ceiling - wooden construction method from another view point. Fire testing and 
modelling could be employed to determine whether the time available for occupants 
to escape in the event of fire exceeds the time it actually would take them to 
escape. If so, it could be argued that the construction method is acceptable. 
This approach obviates the need to compare the performance of the method with 
other methods (use of fire retardant materials) whose level of safety may be 
unknown and possible overly conservative.

Document FJ-3
Policy Concerning Woody Exterior 

No comments at this time.
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APPENDIX IX
COMMENTS ON 

THE FIRE TEST (JAPAN)



COMMENTS ON JAPAN’S 
OFFICIAL FIRE TEST REPORT

Dr. Jim Mehaffey 
Forintek Canada Corp. 

and
Dr. David Yung

National Research Council Canada 
February 18, 1992

We have reviewed the translation of the official fire test report forwarded to 
us on Feb. 17 and offer the following comments.
The description of the test and results is quite good. It seems however that the 
test did little to allay Japanese concerns. As indicated below, we take issue 
with some of the conclusions drawn in the report.
To begin with, the concern expressed that fire can spread faster in larger 
buildings is bewildering. As in this small building, fire spread inside a large 
building can be checked by proper fire compartmentation. In addition, exterior 
upward fire spread can be checked by using balconies and eaves as in the test 
building.

The report also suggests that should more doors or windows be left open, a more 
severe fire may result. Some care must be exercised here. It is true that the 
fire will likely grow more quickly under such conditions reaching a higher peak 
temperature. However it is also the case that the fire duration will be shorter. 
Canadian scientists (Harmathy and Mehaffey) have demonstrated that the most 
severe assault is mounted against building elements (walls and ceilings) when 
openings are just large enough to permit the fire to grow to engulf the room of 
origin. So opening more windows and doors will cause faster fire growth and 
higher temperatures but shorter duration in such a manner that the severity of 
the assault on the walls and ceilings drops. While early fire growth is 
negatively influenced by increased ventilation openings, the fire resisting 
capabilities of the building will not be.

The concern expressed about the performance of floors heated from above crops up 
from time to time. Historically, building codes have not addressed such 
performance because problems have not generally been noted. If you get drawn 
into an argument here keep in mind that it is not obvious that reinforced 
concrete floors will perform well when heated from above. Reinforcing bars may 
be placed closer to the floor than the ceiling to ensure proper performance from 
exposures from below. If requirements are to be stipulated for wooden floors, 
they must be stipulated for all floors. An entirely new test method would need 
to be developed to address this performance.
It is acknowledged that wood studs and joists begin to char behind gypsum board 
protection after prolonged exposure to fire. In a one hour assembly, it is not 
surprising to learn that the onset of charring of protected wood framing could 
be as early as 40 minutes. Nonetheless, the assembly does still continue to 
perform its function for the entire one hour period.

As the concern about collapse of the structure still lingers after the successful 
completion of the test, it would have been beneficial to continue the test 
longer. Given the documented need for clear space around a building, it would 
have been interesting to see the threat for spread induced by a pile of mixed 
combustible and noncombustible materials following building collapse which the 
report suggests was inevitable. Given it was a rated structure, one can assume 
most of the combustibles would be consumed before collapse. Stress that we are 
not talking about unprotected buildings here.
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Finally, as the structure did not become involved in the fire for, at very least 
40 minutes, it seems that any concerns related to alerting occupants to fire and 
evacuation can not be attributed to the construction method. Rather this issue 
should be addressed in all buildings, be they wood-frame or reinforced concrete, 
as this test demonstrates that, in buildings of this size, it is fire in the 
building contents which is of immediate concern to occupant response not the 
performance of the structure itself.
Philosophical Point
It is misleading to describe the severity of a fire in terms of the duration of 
exposure. It is said in the report that the building was constructed to resist 
fire for one hour. What is actually the case is that the building was 
constructed of wall and ceiling assemblies which had resisted fire for an hour 
in a standard fire resistance test (ISO 834) . There is no reason to believe that 
a one hour exposure in the building fire is equivalent to a one hour exposure in 
a fire resistance test.
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APPENDIX X
COMMENTS ON

THE PROPOSED REGULATIONS (JAPAN)



Comments on
Technical standard on 3 story wooden apartment (Draft)

J.R. Mehaffey 
Forintek Canada Corp. 

March 23, 1992

1. Range of application
This section looks alright, but the following questions come to mind:

1. Is the construction of these 3-storey apartment buildings limited to areas 
outside fire-protection and quasi fire-protection zones?

2. At what date is this technical standard to come into effect?
3. When will the area limitation be extended to 3000 m2?

2. Principal building parts (Requirement of fire resistance)
Section (1) Specification of principal parts is prescriptive in nature; whereas, 
Section (2 ) Fire performance of principal parts is expressed in performance-based 
language. I would much prefer to see the order of these two sections 
interchanged. That is, first delineate the performance (i.e. fire resistance 
rating) expected of an assembly, and then, if deemed necessary, specify 
assemblies which are known to exhibit this performance. The standard would then 
be in keeping with international trends which suggest that fire safety 
requirements are best expressed in performance-based language.
A-4 Partition wall (internal bearing wall)
How can an internal bearing partition wall be designed according to A-l? It 
doesn't have an inside and outside, but two equal sides. Better to say, both 
sides of such a wall must meet A-la.
A-5 Partition wall (internal non-bearing wall)
I have the same problem here as I had in A-4 above.
B. Column
Does this mean I could use materials listed in A-la or A-lb? I assume the 
reference is to A-la only, is that so?
C. Floor // a) On floor
Am I misreading this section? I can't believe a Japanese tatami alone would have 
the same performance as a 40 mm lumber deck or other entries in this category.
D. Column
Should this Section be entitled Beam? If so, I have the same problem as in B 
above.
4. Through Stairs
As I read this section, most apartments will need to have:

- one door leading to a corridor from which there are 2 exit stairways, 
and
- one door leading to a balcony from which effective 
evacuation is possible.
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I suspect that this requirement is more restrictive for wooden apartments than 
for concrete apartments. Yet, I have never seen arguments which demonstrate how 
the wooden structure will cause evacuation problems if occupants are warned early 
about fire.

6. Smoke exhaust equipment
Where is this equipment required? Within apartments? Within enclosed corridors? 
Again, if occupants are warned early about fire there is no reason to have 
requirements here which are more stringent than in concrete apartment buildings 
of the same size.
7. Set backs from lot limits
If I am reading this section properly it looks pretty good. The default distance 
for wood structures is 4 m which I believe is greater than for concrete 
buildings. Nonetheless, there are simple design options which will permit a 
separation of only 3 m. This appears to me to be a real "coup" for the wood 
industry.
8. Restrictions on interior finish
If these requirements are more stringent than in concrete apartments we should 
fight them now. If not, save the argument for relaxing restrictions on interior 
finish for another time.
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Presentations - J.R. Mehaffey 
April 1, 1991 to March 31, 1992

1. "The Development of a Fire Resistance Model for Wood-Stud Walls", May 29, 
1991, Canadian Section of the Combustion Institute, Ottawa.

2. "Development of a Fire Endurance Model for Wood-Stud Walls", June 20, 
1991, NAWPFRC's Fire Modelling Meeting, NIST, Gaithersburg, Maryland.

3. "Comparison of Methods for Determining Flame-Spread Ratings of Building
Materials in Canada and the U.S.A.", June 24, 1991, ASTM E05 Research
Review Session, Atlantic City, New Jersey.

4. "Forintek's Fire Research Program", Aug. 22, 1991, Forintek, Vancouver.
5. "Fire Research at Forintek and in Canada", Oct. 8, 1991, Building Research 

Institute, Tsukuba, Japan.
6. "ASTM Guide - Is it a suitable starting point?", Oct. 30, 1991, CIB W14 

Workshop on Fire Model Verification, Selection and Acceptance, NIST, 
Gaithersburg, Maryland.

7. "Forintek's Fire Research Program, 1991/92", Oct. 31, 1991, Meeting of
Forintek's National Research Planning Committee, Toronto.

8. "Fire Safety in Residential Buildings: The Canadian Perspective", Nov. 28, 
1991. A Seminar delivered at the Canadian Embassy, Tokyo, Japan.

9. "Fire Performance Testing of Building Components in Canada and the 
U.S.A.", Dec 6, 1991, Building Expert Committee, Tokyo, Japan.

10. "Forintek's Fire Research Program, 1991/92", Jan. 17, 1992, Meeting of
Forintek's Technical Advisory Committee on Building Systems, Ottawa.

11. "Fire Research - What can it do for us?", Feb. 14, 1992, Canadian
Lumbermen's Association Annual Convention, Montreal.

12. "Forintek's Fire Program, 1992/93", March 13, 1992, Meeting of Forintek's 
National Research Planning Committee, Vancouver.

13. "Fire Endurance Modelling: Wood-Stud Walls // Wood Joist & Truss
Ceilings", March 13, 1992, Workshop on Engineered Wood Products,
Vancouver.

14. "Forintek’s Fire Research Program, 1992/93", March 16, 1992, Meeting of 
Forest Marketing Committee, Vancouver.

15. "The Impact of Forintek's Fire Research on Building Code Requirements", 
March 16, 1992, UBC's Certified Professional Program, Vancouver.

16. "Fire Testing of Wood-Frame Apartment Buildings in Japan", March 24, 1992, 
J.R Mehaffey and D. Yung, Society of Fire Protection Engineers, Ottawa.
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