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SUMMARY

This report summarizes the progress achieved in Forintek's project "Harmonization of Fire Testing Methods to 
Promote International Market Access of Canadian Wood Products". This work was conducted for the Canadian 
Forest Service, Natural Resources Canada under contract with Public Works and Government Services Canada.

The role Forintek's fire scientists have played in encouraging the safe use of wood products in the international 
market place is outlined. Particular attention has been given to the Japanese market where initiatives are 
underway to obtain approval of the construction of three-storey wood-frame apartment buildings in high density 
urban areas.
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1.0 OBJECTIVE

The primary objective is to develop harmonized fire testing methods which will promote the use of Canadian 
wood products in the international marketplace.

2.0 INTRODUCTION

There is a general misconception that because wood burns its use as a building material compromises fire 
safety. Although we have learned to construct fire-safe wooden buildings in Canada, fire safety regulations 
in other countries often discriminate against the use of wood products. Such regulations clearly restrict 
market access of Canadian wood products abroad. Nonetheless, it is recognized that wood-frame 
construction could meet much of the global need for affordable housing. Consequently, international 
regulators are seeking guidance in establishing requirements which permit for the use of wood products in 
the construction of buildings without compromising fire safety.

A fundamental understanding of how wood products perform in fire and establishing how they can be used in 
buildings in a fire-safe manner is a key to gaining access to international markets. This report outlines a 
project whereby Canada's expertise has played a role in encouraging the safe use of wood products in the 
international market place. As there is a need for Canadian scientists to participate in international fire 
research, codes and standards activities, Forintek Canada Corp., with its unique expertise in wood and fire 
safety, has become a key contributor in this area.

The "shake 'n bake" test conducted in Japan in 1991 demonstrated that wood-frame buildings can be 
designed to withstand the combined effects of earthquake and fire. As a result, Japanese regulations were 
revised in 1992 to allow three-storey wooden apartment buildings in low density areas. Japanese authorities 
are still concerned about the threat of conflagrations in high density areas following an earthquake. The 
experience following the January 1995 earthquake in Kobe has done little to alleviate such concerns.

Nonetheless, revisions to the Standard Building Law to allow three-storey wooden apartment buildings in 
high-density quasi-fire protection zones are being considered. To support this initiative Japanese researchers 
conducted a new full-scale test in March 1996 to assess the potential of such structures to spread fires in an 
urban area following an earthquake. A Forintek scientist travelled to Japan to participate in this experiment. 
This, together with involvement in Japanese codes and standards committees, may give Canada some 
leverage in working with Japanese authorities in revising the Standard Building Law.

German researchers are also planning full-scale tests to examine design strategies allowing for increased 
areas and heights of wood-frame buildings. As the third world looks to Japan and Germany for guidance, 
these developments, coupled with international trends towards harmonization of standards and adoption of 
performance-based codes, have the potential of impacting favourably on the international market access of 
Canadian wood products.

This report summarizes the role Forintek scientists have played during the fiscal year 1995/96 to encourage 
the safe use of wood products in the international market place. Particular attention is given to the Japanese 
market.
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4.0 WORKPLAN

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

1. Participate in fire test of three-storey wooden apartment building in Japan on March 5.

2. Participate in meetings of the Building Experts Committee on November 29 and the SOPRO 
Committee on December 1 in Japan.

3. Prepare and deliver a paper at the Canada/Japan Housing Committee Meeting, October 23-24 in 
Vancouver.

4. Prepare workshop material for the Third Canada/Japan Advanced Housing R&D Workshop, Ottawa, 
June 9-12, 1996.

5. Participate in meetings of the Mutual Acceptance Committee.

6. Document the performance of wooden buildings in fires that followed the Kobe Earthquake.

7. Participate in meetings of ISO/TC92/SC4 on Fire Safety Engineering.

8. Monitor developments related to proposed full-scale fire tests of wood-frame buildings in Germany.

9. Prepare and present papers on Forintek's fire models at International Conferences.

5.0 RESULTS AND DISCUSSION

5.1 Fire Testing of 3-Storey Building in Japan

On March 5, the Building Research Institute (BRI) conducted a full-scale fire test on a three-storey wooden 
apartment building. The test was designed to determine whether the building would contribute to or inhibit 
the spread of fire in an urban area following an earthquake. J.R. Mehaffey participated in the test as a 
foreign technical observer.
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The three-storey test building was constructed employing 2 x 4  construction techniques and had two 
apartments per floor. The damage the building would have sustained in an earthquake was simulated by 
introducing "cracks" in exterior cladding and gypsum-board wall linings. Sufficient combustibles were 
placed in each apartment to achieve a typical residential fuel load.

Two 2-storey wood-frame houses were constructed adjacent to the 3-storey test building at a distance of 4.5 
m from it. One was of post and beam construction and the other was a prefabricated house.

During the test, one face of the 3-storey test building was exposed to large flames which replicated 
conditions observed in conflagrations following earthquakes. Fire first appeared in the test building after 
about 9 minutes of exposure. It then slowly spread through the building until the structure finally collapsed 
after 3 hours. Other than cracked windows and some burning of curtains, damage to the adjacent 2-storey 
structures was limited even after 3 hours of exposure. (A more detailed account of the fire test is provided in 
Appendix I of this report.)

Smaller-scale shake and bum tests of load-bearing wall assemblies of 2 x 4, and post and beam construction 
are planned so that conclusions can be drawn about their relative performance. Once these smaller-scale 
tests are completed (likely by June), BRI will submit a complete report to the Ministry of Construction 
(MOC).

At the present time, three-storey wooden detached houses are allowed in quasi-fire protection zones. In the 
wake of the "shake 'n bake" test conducted in 1991 Japanese regulations were revised in 1992 to allow three- 
storey wooden apartment buildings in low density (Article 22) areas. As the March 5th test results suggest 
that a well designed 3-storey wooden apartment building can inhibit the spread of fire in an urban area 
following an earthquake, it is anticipated that the MOC will revise the Standard Building Law to permit 
three-storey wooden apartment buildings in quasi-fire protection zones.

Construction of three-storey wooden apartment buildings in quasi-fire protection zones could mean a large 
market for Canadian wood products as these zones are where most of the Japanese population resides and are 
the regions of greatest housing activity.

While in Japan, J.R. Mehaffey discussed the possibility of future collaborative research with the BRI. There 
is mutual interest in employing computer models developed at Forintek to model the fire test conducted on 
March 5. This would be a robust validation exercise for Forintek's models and if successful would foster the 
adoption of performance-based codes. It was agreed that discussions concerning collaborative research 
would continue following the next meeting of the SOPRO Committee.

5.2 Building Expert and SOPRO Committees

J.R. Mehaffey participated in a meeting of the Building Expert Committee (BEC) on November 30 in Japan. 
The BEC is a tripartite Committee with membership from Japan, Canada and U.S.A. The Committee 
provides an excellent forum for working with the Japanese to ensure their building regulations treat wood 
products in an equitable fashion.

During the BEC meeting, members of the Japanese delegation referred to the MOC's intention to revise the 
Building Standard Law to encourage performance-based design for fire, seismic and structural safety. This is 
a positive development since the current prescriptive requirements in the Standard Building Law regulate the 
use of wood products on the basis of perceived hazards. If the regulations are truly revised to reflect the 
expected performance of materials, the market for wood products in Japan could grow. It has long been 
known in North America that it possible to design wooden structures which will exhibit very good fire,
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seismic and structural performance. (A more detailed account of the BEC meeting is provided in Appendix 
II of this report.)

J.R. Mehaffey visited BRI on April 11 to discuss the activities of the SOPRO Committee with BRI staff. On 
December 1, he participated in a Committee meeting. Both the MOC and the BEC are looking to the 
SOPRO Committee to propose new fire safety requirements which will ensure equitable treatment of all 
building materials and design strategies. The SOPRO Committee has made much progress towards revising 
Japanese fire test methods to conform closely with international (ISO) fire standards. It has also developed a 
rough draft of performance-based fire safety requirements. Both developments offer the promise of 
increased use of Canadian wood products in the Japanese construction market. (More detailed accounts of 
the SOPRO Committee activities are provided in Appendices III and IV of this report.)

5.3 Canada/Japan Housing Committee

J.R. Mehaffey and D. Yung (NRCC) presented a joint paper entitled "Fire Research and Fire Performance 
Regulations in Canada" at the Canada/Japan Housing Committee Meeting, October 23 and 24 in Vancouver. 
The purpose of the paper was to demonstrate that research underway in Canada is developing the knowledge 
base necessary to introduce performance-based fire-safety regulations for wood-frame buildings. It was also 
shown that the research is being conducted in such a fashion that it can be applied equally well in Canada or 
Japan. (A copy of the paper is provided in Appendix V of this report.)

Meetings of the Canada/Japan Housing Committee provide Japanese and Canadian delegates an opportunity 
to discuss significant concerns and technological advances pertinent to housing in both countries. As 
affordable housing and fire safety are important issues in Japan, a SOPRO Committee has been established to 
develop performance-based fire-safety regulations. By presenting a paper on fire research and fire 
performance regulations in Canada, it was made clear that Canada too is very concerned with providing its 
citizen with affordable but fire-safe housing. Furthermore, the opportunity to share research findings and 
design philosophies was extended to our Japanese counterparts.

5.4 Third Canada/Japan Advanced Housing R&D Workshop

Forintek was invited by CFS to participate in the Third Canada/Japan Advanced Housing R&D Workshop to 
be convened in Ottawa, June 9-12, 1996. Forintek's contribution would have introduced a performance- 
based methodology for the design of fire-safe timber structures. Unfortunately, due to time and budgetary 
constraints, Japanese fire researchers were unable to participate in the Workshop. As a consequence, fire 
safety issues were removed from the Workshop Agenda.

Nonetheless, J.R. Mehaffey had the opportunity to discuss Forintek's work in this area with BRI scientists on 
March 9. He mentioned that Mr. Lin, an M.Eng. student in Fire Protection Engineering at U.B.C., has been 
awarded a scholarship by the Canadian Wood Council to employ Forintek's models to undertake a 
performance-based design of gypsum-board / wood-stud fire separations in a typical building. BRI scientists 
were extremely interested in this research. Further discussions on this topic are planned following the next 
SOPRO Committee meeting and it is hoped that a collaborative research proposal may evolve from these 
discussions.

5.5 Mutual Recognition Committee

During the year, J.R. Mehaffey attended one meeting and participated in monthly telephone conferences 
convened by the Canadian Mutual Recognition Committee. The Committee is working with the MOC to 
facilitate the acceptance of Canadian building products in Japan. The primary motivation on the Japanese
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side is to reduce the cost of housing by importing more wood products. Of course the Canadian side is 
looking for a larger market share for Canadian wood products in Japan.

After much negotiating, the MOC finalized a procedure whereby Foreign Testing Organizations (FTO's) can 
be accredited to conduct fire tests in compliance with Japanese standards. In December, Underwriters' 
Laboratories of Canada (ULC) became the first laboratory to be accredited as an FTO. For the first time, the 
fire performance of Canadian building products can be assessed in Canada and approved for use in Japan.

Although there has been much discussion on the subject, a mechanism whereby Foreign Evaluation Bodies 
(FEB's) can be accredited to approve building products for the Japanese market has not been finalized. The 
intent is to accredit an FEB to undertake an engineering analysis of the performance of building products for 
which standard tests are not yet available.

Finally, the MOC intends to introduce a mechanism whereby foreign building materials conforming with 
overseas standards can be accepted for use in Japan. The idea is to reduce the cost of building in Japan by 
eliminating the need for testing products to both overseas and Japanese standards if the overseas standard can 
assess whether the product exhibits the performance required by the Building Standard Law. Structural 
components employed in 2 x 4 construction are to be the first products considered.

5.6 Conflagrations Following the Kobe Earthquake

J.R. Mehaffey travelled to Japan from April 8-15 to observe the damage caused by fires that followed the 
Great Hanshin (Kobe) Earthquake. As much of the fire damage was sustained by neighbourhoods comprised 
of wooden housing, it was also important to determine whether there would be any negative impact on 
Japanese markets for Canadian wood products.

Generally, buildings constructed after 1981 performed well. This includes wooden houses of post and beam 
construction, and those of platform construction. The latter were not introduced in Japan until 1984. This 
good performance vindicates stringent seismic requirements enacted in 1981. Many older buildings of 
reinforced concrete and steel, and older post and beam residences did not perform well.

The poor performance of traditional post and beam houses, many of which had been built before World War 
II was ascribed to a number of factors including:

heavy roof tile systems caused buildings to be "top heavy"; 
inadequate diagonal bracing of posts;
limited internal partitions which could provide rigidity or reserve strength to the structure; 
foundations or footings often constructed of boulders; 
unstable soil conditions in which the house was located; and 
deterioration of wood due to fungal rot or termite action.

The poor seismic performance of many of the older post and beam houses allowed conflagrations to develop. 
Many houses collapsed into a pile of wood which was readily ignited by advancing fires. Houses that 
remained standing often offered little resistance to the spread of fire from building to building because their 
fire-protective mortar exteriors had fallen off exposing wooden lath. Furthermore, houses which fell into 
alleys or streets not only blocked fire department access, but also destroyed the natural tendency for a road to 
act as a break where fire-fighters may have been able to arrest the advance of fire.

Despite the major fires, the construction of wooden housing is not likely to be unduly restricted. Post and 
beam houses are part of Japan's heritage and will continue to be built. However, as poor seismic 
performance is thought to have contributed significantly to the development of conflagrations, the seismic
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design specifications enacted in 1981 will be zealously enforced. Although there is bound to be some minor 
readjustment of the lines defining fire prevention zones there is no plan to eliminate wooden housing from 
city wards. (A more detailed account of damage caused by fires following the earthquake in Kobe is 
provided in Appendix VI of this report.)

5.7 ISO/TC92/SC4 on Fire Safety Engineering

At the international level, ISO/TC92/SC4 is developing technical reports and subsequently standards on 
performance-based fire-safety design. The ISO standard will likely become a "model code" for national fire- 
safety regulations. J.R. Mehaffey is Canada's official delegate to ISO/TC92/SC4 meetings and is the 
convenor of one of the working groups. Active participation in the Committee is important to ensure that the 
interests of the Canadian wood products industry are represented and that the ISO standard will encourage 
the safe use of wood products in the international market place. As current prescriptive codes tend to 
discriminate against the use of wood products due to perceived hazards, it is expected that a move 
internationally towards performance-based fire-safety requirements will open up markets for Canadian wood 
products.

On April 24 & 25, J.R. Mehaffey participated in meetings of the Convenors of Working Groups of 
ISO/TC92/SC4 in Norwood, Massachusetts. From October 14 to 20, he represented Canada at 
ISO/TC92/SC4 meetings in Japan. Draft International Guides which encourage the use of engineering 
methods (such as Forintek's fire-resistance model) to deliver fire safe design have been formulated and were 
the basis of discussion in Japan. Although there is still the need for much developmental work, it is 
anticipated that the Guides will be submitted for balloting at the end of 1996. (A more detailed account of 
the work of ISO/TC92/SC4 is provided in Appendix VII of this report.)

5.8 Proposed Fire Testing of Buildings in Germany

German regulators are considering revisions to their building regulations to permit the construction of wood- 
frame buildings of increased area and height. To support the initiative, full-scale fire tests have been 
proposed. The tests were not conducted in the current fiscal year and are currently on hold. This may reflect 
decisions within the European Union to undertake coordinated research on multi-storey timber buildings. 
Developments in Germany and the European Union will continue to be monitored.

5.9 Participation in International Conferences

To promote Forintek's capability to deliver fire-safe design employing modelling, several papers will be 
presented at international conferences.

Dr. Takeda presented a paper entitled "Predicting Heat Transfer through Wood Stud Walls Exposed to Fire" 
at the International Conference on Fire Research & Engineering, September 10-15 in Orlando, Florida. A 
copy of the paper is attached as Appendix VIII.

A paper written by Drs. Mehaffey and Takeda entitled "Modelling the Fire Resistance of Wood-Stud Walls" 
has been accepted for presentation at the conference Wood & Fire Safety. The conference will be held May 
6-9, 1996 in Slovakia. The paper will be completed during April.

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

Although we have learned to construct fire-safe wooden buildings in Canada, fire safety regulations in other 
countries often discriminate against the use of wood products. Such regulations clearly restrict market access 
of Canadian wood products abroad. The role Forintek's fire scientists have played in encouraging the safe 
use of wood products in the international market place has been stressed in this report. Initiatives are 
underway to eliminate the unequitable treatment of wood products in international fire-safety regulations by 
encouraging the evolution of these documents from a prescriptive formulation to a performance-based 
formulation. During the fiscal year, Forintek scientists have worked with their Japanese counterparts and in 
international (ISO) committees to further the cause of performance-based fire-safety regulations. It is 
anticipated that the adoption of such regulations will ensure a healthy export market for Canadian wood 
products.
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APPENDIX I

Report on Japanese Fire Test of 3-Storey Building



Fire Testing of a 3-Storey Wooden 
Apartment Building in Japan

by
J.R. Mehaffey

On March 5, 1996, the Building Research Institute (BRI) of the
Ministry of Construction (MOC) conducted a full-scale fire test on 
a three-storey wooden apartment building. The test was designed to 
determine whether the building would contribute to or inhibit the 
spread of fire in an urban area following an earthquake. If the 
building's performance is judged acceptable, the MOC will revise 
the Standard Building Law to permit three-storey wooden apartment 
buildings in quasi-fire protection zones.
The three-storey test building was constructed employing North 
American 2 x 4  construction techniques. It had 2 apartments per 
floor with each apartment having floor area of 55.9 m2. The total 
building floor area excluding balconies and the external staircase 
was 3 35 m2. For the most part, the building conformed with
provisions in the Standard Building Law governing construction of 
such buildings in suburban (Article 22) zones. A few non-compliant 
features were included, however, for research purposes.
The damage the building would have sustained in an earthquake was 
simulated by introducing "cracks" in exterior cladding and gypsum- 
board wall linings. Incisions were cut at a 45° angle above doors 
installed in east-west walls. The width of the incisions replicated 
damage incurred by a similar 3-storey building during simulation of 
a severe earthquake in 1991. [For research purposes incisions were 
not made in the walls of Apt. 3E (3rd floor, east apartment).]
Sufficient combustibles were placed in each apartment to achieve a 
typical residential fuel load of 30 kg m‘2. Curtains were installed 
by every window. Actual furniture was used in Apt. 1W (1st floor, 
west apartment) . The fuel in the other 5 apartments was primarily 
wooden cribs although some furniture was used.
Two 2-storey wood-frame houses were constructed adjacent to the 
south side of the 3-storey test building at a distance of 4.5 m 
from it. One was of post and beam construction and the other was 
a prefabricated house. The spatial separation between buildings 
was in compliance with regulations for suburban zones. Incisions 
above doors and windows were employed to simulate seismic damage. 
Wooden cribs were placed in these buildings to simulate a fuel load 
of 3 0 kg m'2 and curtains were installed by the windows.
At the beginning of the fire test, flames from 12 large liquid pool 
fires and six large propane burners completely engulfed the north 
face of the 3-storey test building. 20 minutes into the test the
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liquid pool fires burned out but the propane fires continued until 
2 hours had elapsed. This exposure replicated conditions observed 
in conflagrations following earthquakes.
Following ignition of the exterior fire, measurements were taken to 
study the spread of fire to the building; the spread of fire within 
the building; and the risk of fire spread to adjacent buildings. 
In all three buildings, temperature was measured in each room, 
within walls and on external surfaces. Heat flux was measured on 
the north walls and windows of all three buildings. Gaseous 
products, smoke density and static pressure were measured at key 
locations in the 3-storey building. Finally video cameras were 
located inside and outside of the 3-storey building.
At the beginning of the fire test, the north face of the 3-storey 
test building was completely engulfed in flames. Fire spread and 
development in the 3-storey test building was different on the west 
and east sides of the building, primarily due to the location of 
open windows.
Fire first appeared in the test building in Apt. 1W after about 9 
minutes of exposure. It subsequently spread to the second storey 
apartment Apt. 2W (1 hour and 3 0 minutes into the test) ; to the 
third storey Apt. 3W (2 hours and 16 minutes into the test); and 
finally to the roof on the west side (2 hours and 27 minutes into 
the test). The entire west side of the building collapsed 2 hours 
and 44 minutes into the test.
On the east side of the building, fire spread first to the roof 
which after smouldering for a while burst into active flaming 1 
hour and 2 minutes into the test. As fire was spreading very 
slowly on the east side, Apt. IE was intentionally set ablaze (by 
remote means) 1 hour and 2 0 minutes into the test. Fire spread 
into the third storey apartment Apt. 3E from above (1 hour and 12 
minutes into the test) and to the second storey apartment Apt. 2E 
from below (2 hours and 35 minutes into the test). The entire east 
side of the building collapsed 3 hours and 3 minutes into the test.
The slow spread of fire to the building and within the building 
were very reassuring. Since there was no attempt at suppressing 
the fire, it is not surprising that the 3-storey structure was 
eventually reduced to a pile of burning embers.
Of critical importance was the performance of the adjacent 2-storey 
houses. Other than cracked windows and some burning of curtains, 
damage to these structures was limited even after 3 hours of 
exposure. The first impression is that the 3-storey wood-frame 
building can indeed act as a barrier to the advance of fire in an 
urban area following an earthquake.
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APPENDIX II

Building Expert Committee: Meeting Report



Building Experts Committee - 6th Meeting 
Canadian Embassy, Tokyo, Japan 

November 30, 1995
J.R. Mehaffey

The Building Experts Committee (BEC) is a tripartite Committee with 
membership from Japan, Canada and U.S.A. The Committee provides a 
forum for working with the Japanese to ensure their building 
regulations treat wood products in an equitable fashion.
l. Performance-Based Building Standards
The first item on the agenda was a discussion of performance-based 
building standards.
T. Ogawa of the Ministry of Construction began by referring to the
Fire Safety SOPRO Committee. The Committee is developing detailed 
plans for harmonizing Japanese fire test methods with international 
standards and introducing performance-based fire-safety 
requirements. The Committee began it work in 1993 and is on 
schedule to complete its mandate by March 31, 1997. It was
mentioned that a full report of the Committee's progress would be 
made at its meeting on December 1, 1995.
Mr. Ogawa spoke about lessons learned from the earthquake which 
devastated Kobe on January 17, 1995. The extent of damage was due, 
in part, to the proximity of the epicentre to Kobe. 9 0% of the 
5,500 people who perished were crushed under older wooden buildings 
which had collapsed. In addition, fires destroyed several areas 
with high concentrations of older wooden buildings. It had been 
thought that concrete and steel buildings would perform better. 
Yet many of those constructed to pre 1981 standards sustained 
significant damage and, because of poor workmanship, so did some of 
the newer buildings. In response, a new law will go into effect in 
January 1996 mandating improved inspection of buildings under 
construction.
The Standard Building Law includes many prescriptive provisions 
which specify acceptable structural materials and dimensions. Mr. 
Ogawa announced that a Structural SOPRO Committee will be created 
to undertake the research and development required to introduce 
performance-based structural requirements. The Committee will have 
a working group addressing the performance of wooden structures. 
An invitation was extended to Canada and the U.S.A. to recommend a 
technical expert to participate in this working group.
Mr. K. Bland of AF&PA mentioned that, although the development of 
performance-based codes is on a fast track internationally, the
U. S.A. is not one of the leaders. The use of performance-based 
methods is however increasing. Workshops offered by the Society of 
Fire Protection Engineers on performance-based design employing
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computer models are well attended. Interest will continue to grow 
as designers discover cost savings can be realized by discarding 
prescribed solutions in favour of performance-based methods.
Prof. D. Barrett of U.B.C. spoke about a Canadian initiative to 
develop objective-based building regulations. It is envisioned 
that the regulations will consist of three basic components:

1. a hierarchy of ever-increasing specificity,
2. mandatory requirements linked to the objectives, and
3. reference to "acceptable solutions" and "approved 

documents" linked to the requirements.
The first component, an objectives structure, will be complete by 
1997. The second and third components, which could contain
performance-based methods, will be in place by 2001.

2. Mutual Recognition
A brief report on the MOC's commitment to introduce a mutual 
recognition system was presented.
A procedure whereby Foreign Testing Organizations (FTO's) can be 
accredited to conduct fire tests in compliance with Japanese 
standards has been finalized. (Note: Subsequent to the meeting
Underwriters' Laboratories of Canada (ULC) became the first 
laboratory to be accredited as an FTO. For the first time, the 
fire performance of Canadian building products can be assessed in 
Canada and approved for use in Japan.)
A mechanism whereby Foreign Evaluation Bodies (FEB's) can be 
accredited to approve building products for the Japanese market has 
not been finalized. The intent is to accredit an FEB to undertake 
an engineering analysis of the performance of building products for 
which standard tests are not yet available.
The MOC announced that it intends to introduce a mechanism whereby 
foreign building materials conforming with overseas standards can 
be accepted for use in Japan. The idea is to reduce the cost of 
building in Japan by eliminating the need for testing products to 
both overseas and Japanese standards if the overseas standard can 
assess whether the product exhibits the performance required by the 
Building Standard Law. Structural components employed in 2 x 4 
construction are to be the first products considered.

3. Hanshin-Awaji Earthquake Damage
An overview of damage to buildings caused by the Great Hanshin 
Earthquake was presented. As mentioned above, the current seismic 
standards were introduced in 1981. While buildings constructed 
prior to 1981 tended to suffer severe damage, buildings constructed 
since 1981 incurred limited damage.
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In fact, reinforced concrete buildings constructed before 1971, 
when seismic standards were also improved, suffered severe damage 
including collapse. For structural steel buildings, the nature of 
welds was the most significant factor in seismic performance 
whether the building was old or new.
Most of the post & beam houses that collapsed or suffered severe 
damage were old with roofs of heavy ceramic tiles. In addition, 
they had limited lateral bracing walls and deteriorating wood 
members. The poor performance of those newer wooden houses that 
sustained damage was due to unbalanced placement of bearing walls, 
poor workmanship or poor maintenance.
The fires that followed the earthquake occurred in areas of high 
seismic activity in which buildings had suffered severe structural 
damage. Seven large fires that destroyed an area greater than 
33,000 m2 each broke out in areas with large concentrations of older 
wooden houses. In these areas, the fire was typically brought to 
a halt where it encountered a wide road, railway, park or a row of 
buildings of fire proof construction.
A number of new measures will be taken to prevent a reoccurrence of 
such wide-spread damage in the event of an earthquake. Research is 
being conducted to devise better seismic design strategies. 
Inspection of buildings under construction will be mandated. 
Improved municipal planning, including advanced disaster protection 
and renovation of poorer quality buildings, will be encouraged in 
high-density urban areas.

4. Horizontal Fire Spread
Dr. Y. Hasemi discussed the Building Research Institute's plans to 
conduct a full-scale fire test on a 3-storey wooden apartment 
building during March 1996. Cracks will be introduced into the 
building's walls to simulate the damage that might result from a 
major earthquake. The building will then be exposed to a large 
fire intended to simulate an urban fire following an earthquake. 
The purpose of the test is to determine:

1. the process by which the fire spreads to the building,
2. the process by which fire spreads within the building, 

and
3. the risk of fire spread to adjacent buildings.

The test building will be of 2x4 construction and will contain 2 
apartments on each storey. It will conform with requirements for 
such buildings in suburban (Article 22) zones. To draw conclusions 
for other wood construction methods, smaller-scale "shake 'n bake" 
tests will be conducted employing post & beam and prefabricated 
exterior walls. Depending on the test results, MOC may revise the 
Standard Building Law to permit construction of three-storey wooden 
apartment buildings in quasi-fire protection zones.
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Dr. V. Babrauskas spoke about building code provisions intended to 
prevent the spread of fire from building to building. Although 
fire protection zones were once employed in the U.S.A. to prevent 
conflagrations they were removed in the early 1980's in favour of 
provisions which regulate spatial separations between buildings 
according to window size, type of glazing, building occupancy, and 
the combustibility of the building facade and structural elements. 
The primary determinant of spatial separations is the size of 
windows. For example, spatial separations less than 1.5 m are 
permitted only if there are no windows and spatial separations 
greater than 10 m are required if the building facade is entirely 
glass. Dr. Babrauskas argued that these provisions are superior to 
the notion of fire zones as they allow the designer increased 
flexibility without compromising fire safety. (Note: The American 
provisions are modelled after Canadian provisions.)
Dr. J.R. Mehaffey made a presentation to demonstrate that wood-stud 
walls perform as well as (if not better than) steel-stud walls. A 
copy of his presentation is attached to these notes.
Mr. E. Naslund of the National Wood & Window Association (USA) 
argued that fire-rated wooden windows are unfairly treated by the 
Standard Building Law. It was pointed out that this is not so as 
the existing test method employs the same method and criteria for 
all materials and does not discriminate against wood. In fact, 51 
wooden doors and 6 wooden windows have already passed the test. 
The 2 x 4  Association wishes to see more foreign fire-rated wooden 
windows on the market so has commenced a testing, and research and 
development program to aid foreign companies. As Mr. Naslund 
expressed confusion as to where fire-rated windows are permitted, 
the 2 x 4  Association offered to provide the relevant details.

5. Inner Fire Issues
The American delegation raised three issues. The first related to 
interior wood finishings which, the Americans claimed, are treated 
inequitably in Japanese regulations. The Japanese responded that 
this issue is to be addressed by the Fire Safety SOPRO Committee.
The second concerned fire stops. They simply wanted to point out 
that whether 2 x 4  construction is rated or not it must be properly 
f ire-stopped.
The third related to 30 minute ceilings required for the top storey 
in apartment buildings. The Standard Building Law requires this be 
achieved using 2 layers of gypsum board and the Americans wanted 
this reduced to 1 layer. (45 & 60 minute assemblies are allowed to 
be constructed with 1 layer.) The reason the Japanese gave for 
requiring 2 layers is to ensure joints on the exposed layer are 
backed by gypsum when staggered layers are employed. This extra 
protection is necessary when only 30 minute ratings are accepted.
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6. OSB Recognition
The Japanese briefly outlined a test method employed to assess the 
resisting force ratio of wood-frame assemblies. To demonstrate 
acceptable performance, assemblies incorporating panel products 
such as OSB must be subjected to the test.
7. Plywood Structure Issues
Mr. A. Kempthorne asked for details of how structural plywood would 
be tested to determine its allowable stress. He expressed concern 
that small-scale samples will be employed for the bending tests.
Mr. Kempthorne also mentioned that there is no need to conduct 
further research into wall strength factors for horizontally 
applied plywood without blocking. Research suggests that the entry 
of 2.3 for bearing walls in Table 1 of Notification 56 can be 
replaced by the value 2.5. Mr. Inoue of the MOC and Mr. Kempthorne 
are to communicate further on this point.
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Fire Performance of Wood Studs and Steel Studs
J.R. Mehaffey

prepared for presentation at
the 6th Meeting of the Building Experts Committee 

Canadian Embassy, Tokyo, Japan 
November 30, 1995

There is a general misconception that because steel studs are not 
combustible, they ensure better fire safety than wood studs. In 
truth, there is ample evidence to show this is not so. In this 
presentation, it is demonstrated that wood-stud walls perform as 
well as (if not better than) steel-stud walls.
In Canada, the fire performance of a wall is assessed by subjecting 
it to the standard fire-resistance test CAN/ULC-S1011. This means 
that wood-stud or steel-stud walls are subjected to the same fire 
exposure in the test. During fire exposure, either assembly may be 
required to carry its design structural load or it may be left un
loaded if deemed appropriate. In either case, the failure criteria 
are identical for wood-stud and steel-stud assemblies. By using 
precisely the same test methodology for wood-stud and steel-stud 
walls a fair comparison of their fire performance is assured.
The results of numerous tests have been analyzed and published 
in the Supplement to the National Building Code of Canada2. The 
data demonstrate that walls constructed with wood studs often 
exhibit better fire performance than walls constructed with steel 
studs. This finding holds true even if the wood-stud wall is 
loaded and the steel-stud wall is not. Computer models developed 
by the wood industry suggest this is a result of the slow rate at 
which wood studs char when protected by gypsum board.
The following two examples illustrate the point. Suppose first 
that a non-load bearing wall is required to exhibit a fire 
resistance rating of 1 hour. The Supplement indicates that any 
15.9 mm Type X gypsum board attached to wood studs yields the 
required resistance. However, the Supplement also indicates that, 
on a generic basis, a similar construction employing steel studs 
yields only a 50 minute rating. To meet the required resistance 
using steel studs, a proprietary wall system incorporating 15.9 mm 
Type X gypsum board must be employed3.
As a second example, suppose a load-bearing wall is required to 
exhibit a fire resistance rating of 1 hour. The Supplement again 
indicates that any 15.9 mm Type X gypsum board attached to wood 
studs yields the required resistance. Again, the requirements 
cannot be met by steel studs on a generic basis, although there are
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proprietary wall systems incorporating 15.9 mm Type X gypsum board 
which yield the required resistance3.
These conclusions are not just the rhetoric of the wood industry. 
The integrity of data in the Supplement is unassailable. Data are 
selected by a Committee of acknowledged fire experts with 
representation from fire laboratories, regulatory agencies and 
major construction materials industries. Decisions taken by the 
Committee are based on tests conducted by reputable laboratories 
following established test protocols. With the weight of this 
impartiality behind it, the Supplement clearly suggests that, as 
far as fire safety is concerned, wood-stud walls perform as well as 
(if not better than) steel-stud walls.

References
1. CAN/ULC-S101 "Standard Methods of Fire Endurance Tests of

Building Construction and Materials", Underwriters'
Laboratories of Canada, Scarborough, Ontario.

2. "Subsection 2.3: Wood and Steel Framed Walls, Floors and
Roofs", Supplement to the National Building Code of Canada, 
National Research Council of Canada, pp. 44-50, 1990.

3. "List of Equipment and Materials, Volume II, Building
Construction", Underwriters' Laboratories of Canada,
Scarborough, Ontario.
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APPENDIX III
SOPRO Committee: Committee Structure and Objectives



SOPRQ Committee - Japan

The SOPRO Committee is a Ministry of Construction (MOC) Consultancy 
Committee overseeing a "Comprehensive Project for Technical 
Development". The Project is entitled "Development of a Rational 
Testing and Evaluation System for the Fire Safety Performance of 
Building Elements".

Project Timing
5 years, FY 1993 - FY 1997

Project Scope
1. To revise Japanese fire test methods to conform closely with 

international (ISO) fire standards.
2. To create a performance-based alternative to prescriptive 

building regulations following principles of fire safety 
engineering.

3. To foster international coordination through mutual recognition 
of laboratory test results from foreign laboratories.

SOPRO Committee Structure

Ministry o f  Construction (MOC) 
Consultancy Committee

Building Center o f  Japan (BCJ)
Main Committee for Cooperation with Industry

Subcommittee Subcommittee Subcommittee Subcommittee Subcommittee
Reaction to Fire Structure Mech Bids Products Fire Safety D esisn International Coordination

The SOPRO Committee is the MOC "oversight" Committee. Membership 
includes university professors, BRI staff, MOC staff, a Canadian 
member (J. Mehaffey) and an American member (V. Babrauskas).
The BCJ Main Committee is the main "working" committee. It 
consists of representatives from testing laboratories and industry 
supporting the program as well as the chairmen and secretaries of 
its five Subcommittees.
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SOPRO Committee Meetings
The SOPRO Committee meets twice a year to review progress and 
approve proposals made by the BCJ Main Committee and its five 
Subcommittees.
First meeting: September 28, 1994
Second meeting: March 13, 1995 
Third meeting: December 1, 1995
The BCJ Main Committee and its Subcommittees meet more regularly.

Reaction to Fire Subcommittee
Chairman: Prof. S. Sugahara
Secretary: Dr. Y. Hasemi (BRI)
The Subcommittee is responsible for recommending test methods for 
quantifying the flammability of building products. Properties of 
interest include: ignitability, heat release, flame spread, and
generation of smoke and toxic gases. Recognizing the shortcomings 
of existing Japanese tests, the Subcommittee recommends that new 
tests be developed to conform closely with ISO fire standards.
Comment: ISO tests are superior to North American, European and
Japanese tests. Europe may also adopt ISO flammability tests, so 
that North America could become the odd man out. This is curious 
as most of the ISO tests were developed in USA.

Structure Subcommittee
Chairman: Prof. H. Saito
Secretary: Dr. S. Yusa (BRI)
The Subcommittee is responsible for recommending a test method for 
assessing the fire resistance of building elements (walls, floors, 
columns, etc.). Current Japanese tests are based solely on thermal 
performance (no live loads are applied during testing) and the 
failure criteria are stringent. The Subcommittee is developing new 
tests which will conform closely with ISO 834.
Comment: ISO 834 is similar to the Canadian standard CAN/ULC-S101. 
Its adoption in Japan will permit for equitable treatment of all 
structural building materials (concrete, steel and wood).
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Mechanical Building Products Subcommittee
Chairman: Prof. M. Kamata
Secretary: Dr. T. Tanaka (BRI)
The Subcommittee is comparing Japanese and ISO tests for the fire 
performance of doors, shutters, dampers, ducts, etc. BRI has built 
an apparatus for and commenced testing of the leakage of smoke 
control doors at moderate temperatures (200°C;.

Fire Safety Design Subcommittee
Chairman: Prof. T. Wakamatsu
Secretary: Dr. T. Tanaka (BRI)
The Subcommittee's mandate is to create performance-based design 
alternatives to prescriptive building regulations. A guidance 
document on the use of fire safety engineering tools (fire tests 
and fire models) to deliver fire safe buildings will be prepared.
Comment: This is a timely exercise as the international fire
research community is developing similar documents through ISO. 
Performance-based fire regulations will ensure an equitable 
evaluation of all building materials and design strategies.

International Coordination Subcommittee
Chairman: Prof. K. Kishitani
Secretary: Dr. I. Nakaya (BRI)
The Subcommittee's mandate is to introduce a mechanism whereby 
foreign laboratories can be accredited to test building products to 
Japanese fire tests. This could provide increased access (at lower 
cost) to the Japanese market for foreign producers of building 
products.
Comment: Although negotiations are underway with several countries, 
it appears as though Canada may be the first with which such an 
agreement will be struck in the fire test area.
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(Fire-Safety) SOPRO Committee - 3rd Meeting 
Building Center of Japan 

December 1, 1995
J.R. Mehaffey

J.R. Mehaffey attended the 3rd meeting of the SOPRO Committee which 
was convened at the Building Center of Japan on December 1, 1995.
The mandate of the (Fire-Safety) SOPRO Committee is to:

1. Revise Japanese fire test methods to conform closely with 
international (ISO) fire standards.

2. Create a performance-based alternative to prescriptive 
building regulations following principles of fire safety 
engineering.

3. Foster international coordination through mutual recognition 
of laboratory test results from foreign laboratories.

To achieve its objectives, the SOPRO Committee has created a Main 
Committee and five Subcommittees. The purpose of the meeting was 
to have each Subcommittee report on its progress.
Report of Subcommittee 1 - Reaction to Fire
The report was presented by Dr. Y. Hasemi (BRI).
Subcommittee 1 is responsible for recommending test methods to 
assess the flammability of building products in terms of their 
propensity to ignite, release heat, spread flame, and generate 
smoke and toxic gases. The Subcommittee is proposing to adopt or 
modify existing ISO fire standards for this purpose.
While current tests measure properties that are perceived to be 
important, new tests will measure properties that are needed for 
engineering analyses. Since current provisions are not causing 
problems though, the new tests will be adopted in a manner that 
products that are currently acceptable will remain acceptable.
Small-scale tests are sufficient for most products. For some 
products, such as those for which joints affect fire performance, 
medium or full-scale tests are necessary. Work is underway to 
determine how to employ the results of tests conducted in small, 
medium and full scales in a consistent way in engineering analyses.
A simple alternative to detailed engineering calculations will be 
developed to aid the engineer in choosing fire-safe products. A 
matrix formulation is proposed whereby each flammability factor 
(ignitability, rate of heat release, ...) will be assigned a 
weighting for a given scenario. The matrix formulation will be 
calibrated to the results of detailed engineering calculations.
Fire testing of building products intended for internal and 
external use is underway at BRI employing ISO standards.
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The report was presented by Dr. S. Yusa (BRI).
Subcommittee 2 is responsible for recommending a test method for 
assessing the fire resistance of building elements (walls, floors, 
columns, etc.). Current Japanese tests are based solely on thermal 
performance (no live loads are applied during testing) and the 
failure criteria are stringent. The Subcommittee is developing new 
tests which will conform closely with ISO 834.
BRI has conducted a number of tests to assess the fire resistance 
of structural steel elements. The common international practice of 
using a critical temperature criterion for steel elements has been 
found to yield test results compatible with the results of load 
bearing tests. As NRC is an acknowledged leader in this area, J.R. 
Mehaffey was asked to forward any pertinent test data for loaded 
steel columns.
Current research is directed at determining suitable protection 
thicknesses for steel structural elements. When the work on steel 
structures is complete testing of reinforced concrete and wooden 
structures will commence.
Report of Subcommittee 3 - Mechanical Building Products
The report was presented by Dr. T. Tanaka (BRI)
Subcommittee 3 is comparing Japanese and ISO tests for the fire 
performance of doors, shutters, dampers, ducts, etc. BRI has built 
an apparatus for and commenced testing of the leakage of smoke 
control doors at moderate temperatures (200°C).
The international standard for fire doors ISO 3008 forms the basis 
of the proposed Japanese test. However, the failure criteria are 
being reformulated as the Japanese are not happy with using cotton 
pads to assess fire spread potential. Instead, they will use a 
temperature rise criterion to quantify heat transmission and will 
measure smoke leakage to quantity smoke transmission. These data 
will be useful in fire safety engineering calculations intended to 
quantify the smoke leakage and heat transmission properties of 
doors in real fires.
Report of Subcommittee 4 - Fire Safety Design Subcommittee
The report was presented by Dr. T. Tanaka (BRI)
Subcommittee 4 is creating performance-based design alternatives to 
prescriptive building regulations. Much progress has been made 
toward development of a guide on the use of fire safety engineering 
tools (fire tests and fire models) to deliver fire safe buildings. 
Unfortunately the material is only available in Japanese.

Report of Subcommittee 2 - Structures
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Fire models have been identified to predict properties such as
1. flame height
2. heat conduction
3. temperature of ceiling jet
4. boundary element performance
5. radiation through opening
6. smoke flow and control.

For the most part hand calculations will suffice although computer 
models will be permitted.
An important component of fire safety engineering design is the 
establishment of life safety criteria. If a design satisfies the 
criteria, it is compliant with the performance-based requirements. 
Work is underway to develop acceptable life safety criteria.
Report of Subcommittee 5 - International Coordination
The report was presented by Dr. I. Nakaya (BRI).
Subcommittee 5 is responsible for reviewing international fire 
standards and for introducing a mechanism whereby foreign 
laboratories can be accredited to test building products to 
Japanese fire tests.
The Subcommittee has undertaken a survey of other countries' fire 
tests and the fire safety regulations which rely on these tests. 
The intent was to determine whether there are internationally 
common approaches and hence whether harmonization of tests might be 
possible. It was found that the performance-based requirements 
entail two critical components:

1. a statement of the objectives of the requirements, and
2. a means for determining whether a design is in compliance with 

the requirements.
Following the U.K. lead, it is proposed that a designer have the 
option of choosing between two alternative means for assessing 
compliance. One will be engineering based and the other experience 
(prescriptive) based. The two alternatives will be calibrated such 
that the prescriptive alternative will yield more conservative (and 
likely more expensive) designs.
The Subcommittee is also exploring the possibility of the mutual 
recognition of fire test results between countries. There are real 
stumbling blocks here as regulations in different countries use 
very different tests. Useless harmonization of tests (to say ISO 
standards) is realized, mutual recognition of fire test results 
between Japan and other countries is unlikely. On the other hand, 
a procedure whereby Foreign Testing Organizations (FTO's) can be 
accredited to conduct fire tests in compliance with Japanese 
standards has been finalized. (Note: Subsequent to the meeting 
Underwriters' Laboratories of Canada (ULC) became the first 
laboratory to be accredited as an FTO.)
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FIRE RESEARCH AND FIRE PERFORMANCE REGULATIONS IN CANADA

by

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

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

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

INTRODUCTION

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

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

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

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

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

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

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

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

* Head, National Fire Laboraiory, Institute for Research in Construction, National Research Council o f  
Canada, Ottawa, Ontario, K.1 A 0R6
~ Subprogram Manager, Fire Risk Assessment, Institute for Research in Construction, National Research 
Council o f  Canada, Ottawa, Ontario. Kl A 0R6
*** Forintek Canada Corp. and the University o f British Columbia, Department o f  Chemical Engineering, 
2216 Main Mall, Vancouver, B.C., V6T 1Z4
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Fire performance regulations in Canada have evolved since the first National 

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

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

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

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

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

impact on fire safety regulations.

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

the technologies on which those regulations are and will be based. The integration of 

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

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

namely, performance codes, degrees of combustibility, fire resistance and fire safety 

standards.

PERFORMANCE CODES & SUPPORTING CALCULATION METHODS

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

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

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

construction industry since they will:

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

2. ensure equitable treatment of all design strategies and materials.

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

4. encourage international trade.

As pan of this activity, in 1993. the Canadian Commission on Building and Fire 

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

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

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

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

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

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

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

potential replacements for the present prescriptive regulations.

The CCBFC and most other international code writing bodies arc thoroughly 

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

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

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

to 10 years.

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

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

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

WI4 Committee on Fire is developing means to assess a number of fire safety engineering 

methods and models.

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

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

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

lifc of occupants and the costs of fire safety for buildings.

FiRECAM " , developed by a team headed by Dr. David Yung of the National Fire 

Laboratory in collaboration with Victoria University of Technology. Melbourne, Australia, 

and with significant support from Public Works and Government Services Canada 

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

situations in a building’. It simulates all probable types of fire at all locations in the 

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

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

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

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

the occupants will be trapped by the fire and smoke and the extent of fire damage that 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

analysis, the Australian Building Code Commission has incorporated an amendment 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

standardization.

DEGREES OF COMBUSTIBILITY

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

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

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

to determine the degree of combustibility of building materials. The CCBFC wished to 

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

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

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

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

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

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

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

heat development.

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

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

Combustibility of Building Materials using an Oxygen Consumption Calorimeter (Cone 

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

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

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

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

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

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

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

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

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

with pcrformancc-bascd design. Once prepared, the proposed wording will be submitted 

to the CCBFC for consideration.

FIRE RESISTANCE

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

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

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

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

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

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

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

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

resistance requirements presently in the NBCC.

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

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

by NRCC8. For wood frame walls, FCC is developing computer models that will facilitate
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the development of cost-effective and flexible design options involving wood stud 

assemblies protected by gypsum board.

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

stud walls exposed to fire’ Input data for gypsum board were measured employing 

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

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

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

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

good agreement with experiments.

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

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

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

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

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

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

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

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

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

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

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

With the success of the wall project, the previous industry partners, combined with 

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

properties of lightweight floor assemblies including solid wood joists, wood trusses and 

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

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

STANDARDS ACTIVITIES

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

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

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

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

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

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

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

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

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

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

and the CIB W14 Committee on Fire.
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SUMMARY

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

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

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

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

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

research programs arc to:

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

• foster the continuing evolution of building regulations which encourage construction of 

affordable, fire-safe buildings, and

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

abroad.
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APPENDIX VI

Report on Conflagrations Following the Kobe Earthquake



REPORT ON THE GREAT HANSHIN EARTHQUAKE
J.R. Mehaffey

THE EARTHQUAKE
At 5:46 a.m. on January 17, 1995, an earthquake of magnitude 7.2 on 
the Richter scale struck the Hanshin area in Hyogo Prefecture. The 
quake's epicentre was located 15 kilometres southwest of Kobe about 
14 kilometres below the earth's surface. Seismic activity was most 
pronounced along a 50 kilometre section of a fault running through 
the city of Kobe. As a result, Kobe, a city with 1.5 million 
inhabitants, was the area most severely affected.
During the 1,500 years that earthquake records have been kept in 
Japan, Kobe had never been directly hit so that it had the image of 
being a city safe from earthquakes. As a consequence, the local 
government and population were caught largely unprepared.
EXTENT OF SEISMIC DAMAGE
There were 5,492 deaths in the Hanshin area (3,852 in Kobe alone) 
as a consequence of the earthquake. Most, perhaps as many as 90%, 
were crushed under fallen furniture or collapsed buildings. A 
small percentage died in fires which followed the seismic event.
Of the 472,160 buildings in Kobe, 54,949 were considered fully 
destroyed and 31,783 "half" destroyed. Most of the "half" 
destroyed buildings will have to be torn down. In parts of the 
city, more than 30% of buildings collapsed so that the earthquake 
intensity in those parts is classified as 7 on the Japanese 
Meteorological Agency scale.
As a general rule, buildings constructed after 1981 performed well. 
This includes wooden houses of post and beam construction, and 
those of platform construction. The latter were not introduced in 
Japan until 1984. This good performance is thought to vindicate 
the stringent seismic requirements enacted in 1981. Many older 
buildings of reinforced concrete and steel, and older post and beam 
residences did not perform well.
The poor performance of traditional post and beam houses, many of 
which had been built before World War II has been ascribed to a 
number of factors including:

- heavy roof tile systems caused buildings to be "top heavy";
- inadequate diagonal bracing of posts;
- limited internal partitions which could provide rigidity or 

reserve strength to the structure;
- foundations or footings often constructed of boulders;
- unstable soil conditions in which the house was located; and
- deterioration of wood due to fungal rot or termite action.
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There were 176 fires recorded following the earthquake destroying 
7,377 buildings and burning a total area of 624,672 m2. Most of the 
fire losses were in Nagata and Higashinada wards. Many of the 
burned buildings sustained significant seismic damage before being 
consumed by fire.
FACTORS AFFECTING FIRE DEPARTMENT EFFECTIVENESS
The earthquake caused an immediate disruption in electrical 
services and severely damaged telephone services. As a
consequence, it was quite some time before the fire department 
learned where fires had broken out.
The earthquake also disabled transportation services. Parts of the 
elevated Hanshin expressway collapsed blocking other routes, and 
numerous houses and buildings fell into streets causing further 
blockage. Local traffic also began to cause traffic jams.
In an emergency scenario, off-duty fire-fighters were to report to 
their station. Due to communication and transportation problems, 
however, it took 5 hours for 90% of Kobe's 1300 professional fire
fighters to do so. Eventually, many of Kobe's 4000 volunteer fire
fighters also arrived to assist. However, only 300 professional 
fire-fighters where on duty in one of the city's 11 fire stations 
at the time of the earthquake.
Typically one station serves one ward. Normally, on receiving 
notification of a fire, a station dispatches 8 vehicles, 4 of which 
are pumpers, to the site of the fire. If fire is confirmed, 8 more 
vehicles are dispatched from a neighbouring station. Further 
assistance from other stations is provided if necessary. It is 
generally held that Kobe's 300 on-duty fire-fighters can extinguish 
at most 3 simultaneous large fires.
Immediately following the earthquake, some 35 fires broke out 
simultaneously throughout Kobe. Even without communication and 
transportation problems, the fire department would not have been 
able to address them all.
Furthermore, on arriving at the scene of fire, fire fighting was 
often delayed as fire-fighters assisted in rescuing people buried 
in collapsed houses. Then, when fire fighting was to commence, it 
was discovered that fire hydrants were useless as water mains had 
been severed. This meant that the fire department had to turn to 
earthquake resistant underground reservoirs which are placed around 
the city and hold 40-100 tonnes of water each.
FIRES IN NAGATA WARD
Nagata ward sustained the worst fire damage. Initially, 11 fires 
were burning in the ward. As Nagata station has only 4 pumpers,
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all of which would normally be sent to a single fire, it could do 
little on its own in the initial stages. Furthermore, because 
neighbouring stations also had fires to deal with, Nagata station 
could not get assistance from them. In fact, fire department 
headquarters, which usually coordinates assistance between 
stations, instructed each station to act on its own without waiting 
for instruction.
Nagata was an old ward which had not seen the urban improvements of 
other wards. It had many old buildings which pre-dated World War
II. The ward was typified by densely packed housing and very 
narrow alleys. Fire engines could negotiate some of the alleys 
slowly under the best of circumstances. As a result of the 
earthquake, many houses had collapsed into alleys blocking passage. 
This often prevented fire-fighters from being able to access the 
scene of fire and the reservoirs.
The poor seismic performance of many of the older post and beam 
houses allowed conflagrations to develop. Many houses collapsed 
into a pile of wood which was readily ignited by advancing fires. 
Houses that remained standing often offered little resistance to 
the spread of fire from building to building because there fire- 
protective mortar exteriors had fallen off exposing wooden lath. 
Furthermore, houses which fell into alleys or streets not only 
blocked fire department access, but also destroyed the natural 
tendency for a road to act as a break where fire-fighters may have 
been able to arrest the advance of fire.
Fire engines were dispatched from neighbouring cities, the first 
arriving in Kobe at 11:00 a.m.; that is, five hours after the 
earthquake. Twenty-four hours after the earthquake there were 
about 100 fire pumpers in Nagata. Never before had there been 
anywhere nearly this number of fire trucks in Nagata so 
coordination was difficult.
With 100 fire engines at work, the underground reservoirs and local 
swimming pools were quickly depleted. At this point, a fire ship 
and several pumpers began to draw water from the sea to feed relay 
lines along which water was pumped from truck to truck to the fire 
scenes. One of the relay lines was 1.8 km long and involved 
several intermediate trucks.
In the end, 14 large fires burned an area of 251,938 m2 in Nagata, 
destroying 2,926 buildings, 190 of which were fire-proof. Four of 
these fires consumed more than 33,000 m2 each. In addition, there 
were two fires which consumed in excess of 33,000 m2 each partially 
within Nagata and partially within neighbouring Suma ward.
Given the difficulties they experienced, fire-fighters were, for 
the most part, only able to stop fires as they approached streets, 
railroads or parks. Fire-resistive buildings adjacent to such
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spaces assisted greatly in stopping the fire. However, where 
fire-resistive buildings were interspersed randomly among wooden 
housing, fire first ignited them and then passed through them.
It is inevitable that fires will start following an earthquake if 
significant seismic damage is incurred as under such conditions 
ignition sources abound. The initial fires in Kobe may have 
resulted because of kitchen fires or because gas lines were 
ruptured. Although initially there thought to be only 35 fires, it 
appears that over the next few days there were in fact 176 to be 
extinguished. Many of these (perhaps 75% according to a recent 
UNCRD publication) may have been ignited after the earthquake when 
attempts were made to power up the electrical services in the city. 
An investigation of the causes of fire is underway but it will be 
difficult to draw definitive conclusions in view of the wide spread 
damage incurred.
It is a blessing that there was little wind present to fan the 
conflagrations and transport flying brands. As it was the fires 
typically advanced at a rate of 10-20 metres/hour. A wind would 
have induced much faster fire spread. It would also have spread 
smoke ahead of the fire threatening escaping citizens and making 
the fire-fighters' job even more treacherous.
IMPACT ON WOOD-FRAME HOUSING
An Urban Reconstruction Plan is being prepared to ensure Kobe is 
built as a model "human-oriented” city for other Japanese cities to 
emulate. The first draft was completed in late March and the final 
Plan should be completed by the end of June. There will be 
provisions to ensure buildings are constructed to exhibit good 
seismic and fire performance. There will also be improvements in 
the city's emergency plans and infrastructure. Wider roads will 
serve as fire breaks and water reservoirs will be moved to parks to 
ensure easy access.
The construction of wooden housing is not likely to be unduly 
restricted. Post and beam houses are part of Japan's heritage and 
will continue to be built. However, as poor seismic performance is 
thought to have contributed significantly to the development of 
conflagrations, the seismic design specifications enacted in 1981 
will be zealously enforced. Although there is bound to be some 
minor readjustment of the lines defining fire prevention zones 
there is no plan to eliminate wooden housing from city wards. In 
fact, the Canadian Consulate in Osaka has heard that 125,000 
houses, many of which will be wooden, are needed in the next 3 
years. This will entail not only the importation of wood products 
but of as many as 10,000 packaged (kit) houses.
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APPENDIX VII

ISO/TC92/SC4 on Fire Safety Engineering: Status Report



Document ISO/TC 92/SC 4 N 66
1995-04-27

(This doc replaces SC 4 N 54 rev.3)

Report on the Work of ISO/TC 92/SC 4 "Fire Safety Engineering" 
for the period between May 1991 until March 1995

This paper presents the position on the work o f ISOTC 92/SC 4, Fire Safety Engineering (FSE) from the 
beginning in May 1991 until March 1995 and summarizes the activities of the Working Groups

1. Resolution of ISO Technical Management Board and ISO/TC92 in September 1992 regarding 
the formation of a new SC "Fire Safety Engineering" within ISO/TC 92

On 14/15th September 1992 at the 15th meeting the Technical Management Board of ISO (ISOTMB) 
agreed to confirm the status of SC 4 provided ISO/TC 92 was in agreement.

On 18th September 1992 ISO/TC 92 agreed that SC 4 should remain under TC 92.

2. History

Voting on new work item proposal "Fire Safety Engineering"

Result o f  voting within ISOTC 92 (N 737, date 1990-05-08):
P-members supporting: 14
P-members prepared to participate: 11
P-members not supporting: 04
P-members not replying: 11
The proposal was supported by a simple majority o f  the P-members voting.

Allocation of the secretariat of ISO/TC 92/SC 4

The required majority o f  Technical Board members was in favour o f  the allocation o f the secretariat of 
TC 92/SC 4 on fire safety engineering to DIN (note o f  1991-05-08).

Chairman of IS O T C  92/SC 4

SC 4, at its first meeting on 1991-05-10, nominated Professor W. Becker (Germany) as chairman for a 
six year term. This was finally confirmed by ISOTC 92 at the meeting in Ascoli Piceno on 18th 
September 1992.

3. CIB/W 14 pre-normative work on FSE

In order to support the work o f SC 4, four CIB/W 14 workshops on fire safety engineering: "Validation 
of calculation models", "Ensuring successful practice" and "Modelling" were held in the USA (1991- 
10/11), the UK (1992-01), in The Netherlands (1993-01) and m Ulster/UK (1993-09) respectively.

The work o f CIB/W 14 (coordinator: Prof. Dr. Kokkala) was restructured in January 1995 The work of 
SC 4 will be supported in future by pre-normative work in the fields 
- Engineering evaluation o f  building fire safety

Assessment and verification of computer codes for predicting fire development and smoke movement 
Assessment and verification o f computer codes for predicting thermal performance o f structures 
Interlaboratory calibration of fire growth measurements
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4. Title and scope of ISO/TC 92/SC 4 „Fire Safety Engineering"

SC 4, at its first meeting on 1991-5-10, agreed

- on the title : "Fire Safety Engineering" for ISOCTC 92/SC 4

- on the scope
• to provide an approach by the application o f fire engineering principles to 

achieve fire safety appropriate to various alternative single or multiple design 
objectives;

• to provide an indication o f the various methodologies and their 
appropriateness to the design objectives and to indicate the state of the art in 
each method;

• to give a broad indication o f the totality o f  fire safety, indicating the 
interactions between the various components o f the fire safety system,

- the work to be started with fire safety in buildings.

5. Constitution (1995-03)

P-members bodies (23)

Australia 
Austria 
Belgium 
Canada 
China
Czech Republic 
Denmark 
Finland 
France 
Germany 
Hungary 
Ireland 
Italy 
Japan
Netherlands 
Poland 
Romania
Russian Federation 
Slovakia 
South Africa 
Sweden
United Kingdom 
USA

O-members bodies (2)

Greece (ELOT)
Slovenia (SMIS)

Liasions (8)

Internal: ISO/TC 92/SC 1, 2 and 3, ISOAT 21 
Other international organisations:
- Type A: EUC/DG III, CIB/W 14, IL
- Type B: IEOTC 89

(SAA)
(ON)
(IBN)
(SCC)
(CSBTS)
(COSMT)
(DS)
(SFS)
(AFNOR)
(DIN)
(MSZH)
(NSAI)
(UNI)
(JISC)
(NNI)
(PKN)
(1RS)
(GOST R)
(UNMS)
(SABS)
(SIS)
(BSD
(ANSI)
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6. Structure
Chair/Secretanat

SC 4 Fire Safety Engineering Prof Dipl -big Becker 
DIN (Dipl -Ing Müller)

WG 1 Application o f fire safety performance 
concepts to design objectives

Mr Deakin, BSI

WG 2 Fire development and smoke 
movement

Prof Dr Kokkala, SFS

WG 3 Fire spread beyond the compartment 
o f origin

Prof. Dr. Mehaffey, SCC

WG 4 Detection, activation and suppression Dr. Alpert, ANSI

WG 5 Evacuation and rescue Mr. Berry, BSI

7. Meetings

Date Country SC 4 WG 1 WG 2 WG 3 WG 4 WG 5

1991/05 D X

1991/09 DK X

1992/01 GB X

1992/3-4 DK X X

1992/09 I X X X X X

1993/01 NL X X X X X

1993/09 GB X X X X X

1994/1-2 USA x (inoff.) X X X X

1994/05 GR X X X X X X

1994/10 D X X X X X

1995/03 GB X X X X X

Locations of meetings :

1991/05
1991/09
1992/01
1992/03-04
1992/09
1993/01
1993/09
1994/01-02
1994/05
1994/10
1995/03

Berlin (D)
Copenhagen (DK) 
London (GB)
Birkeroed (DK)
Ascoli Piceno (I)
Delft (NL)
University o f  Ulster (GB) 
Orlando,Fl. (USA) 
Kallithea/Kasandra (GR) 
Deidesheim/Pfalz (D) 
Garston (GB)
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8. Work programme
(Note: The work items indicated with * have been allocated numbers and titles according to 
ISO/CS doc N 9973 o f 1992-12-28)

Working Group 1: "Application of fire safety performance concepts to design objectives"

Scope for WG 1 :
(i) To provide guidance to SC 4 on the coordination of the work of its various working groups 

and to advise on new work item proposals.
(li) To provide a framework for guidance on the use o f performance based design which 

facilitates an integrated approach to fire safety
(lii) To prepare guidance for the characterisation for buildings, their occupants and appropriate 

potential fire scenarios (design fire actions) and safety in relation to those aspects which are 
required for fire safety design

(iv) To prepare a standard for the assessment and verification of calculation models used as 
tools for Fire Safety Engineering.

The work items o f WG 1 have been agreed as follows:
(i) ISO/CD 13387*: Fire Safety Engineering - "Principles for design procedures"

Scope :To provide a framework for guidance on the use of performance based design which 
facilitates an integrated approach to fire safety.

(ii) ISO/CD 13388*: Fire Safety Engineering -"Characterization o f buildings, their occupants and 
appropriate design fires with respect to their influence on fire safety"(Design o f  fire scenarios)

Scope.To characterize buildings, their occupants and appropriate potential fire scenarios 
(design fire actions) and safety in relation to those aspects which are required for fire safety 
design.

(iii) ISO/CD 13389*: Fire Safety Engineering -"Assessment and verification o f calculation models"
Scope:To prepare a standard for the assessment and verification o f calculation models used 
as tools for Fire Safety Engineering

SC 1 formed three task groups :

WG 1/TG 1 "Assessment and verification o f  calculation models" (Dr, Fowell)

WG 1/TG 2 "Characterization o f  buildings" (Dr. Cooke)

WG 1/TG 3 "Design fire scenarios" (Dr, Wiese)

Working Group 2: "Fire development and smoke movement"

Scope for WG 2 :

(i) To provide guidance on the use o f  engineering methods for the prediction o f  initiation and 
development o f fire and the generation o f  fire effluents inside the room of origin.

(ii) To provide guidance on the use o f  engineering methods for the prediction o f movement of fire 
effluents in buildings and similar works

The work items o f  WG 2 have been agreed as follows:

(i) ISO/CD 13390*: Fire Safety Engineering -"Initiation and development of fires and 
fire effluents"

Scope: To provide guidance on the use of engineering methods for the prediction o f initiation 
and the development o f  fire and the generation o f fire effluents inside the room o f origin
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(il) ISO/CD 13391*: Fire Safety Engineering -"Movement of fire effluents”
Scope: To provide guidance on the use of engineering methods for the prediction of the 
movement of fire effluents in buildings and similar works.

Working Group 3: "Fire spread beyond the compartment of origin"

Scope for WG 3 :
(i) To identify various ways for fire spread beyond the room o f fire origin and the exposure of 

buildings to extenor fires
(u) To give guidance on the design principles (spacial and structural) to prevent 

potential relevant fire spread
(iii) To prepare guidance for the charactenstics of spacial scenanos, fire spread and 

the relevant actions causing fire spread
(iv) To prepare a standard on the use o f engineering methods for the prediction 

o f fire spread beyond the room of fire ongin either to adjacent rooms, other 
buildings or external items and of the response o f buildings to exterior fires.

The work item o f WG 3 has been agreed as follows:
ISO/CD 13392*: Fire Safety Engineering -"Fire spread beyond the compartment o f ongin" 

Scope: To provide guidance on the use of engineering methods for the prediction o f fire 
spread beyond the room for fire ongin, either to adjacent rooms (or compartments), other 
buildings, or external items and the response o f buildings to exterior fires.

Working Group 4: "Detection, activation and suppression"

Scope for WG 4 :
To provide guidance on the use o f engineering methods for the prediction of:
(i) detection times,
(ii) activation times (control systems, suppression systems, fire brigade, occupants),
(iii) the effect o f  fire and smoke control systems (including extinguishing agents),
(iv) interaction o f  suppression and other safety devices.

The work item o f WG 4 has been agreed as follows:
ISO/CD 13393*: Fire Safety Engineering -"Detection, activation and suppression"

Scope:
(i) To provide guidance on the engineering methods for defining detection times according to 

the sensitivity o f detection devices.
(ii) To provide guidance on the engineering methods for defining activation times according 

to the function o f  the control systems and the extinguishing agents.
(iii) To provide guidance on the engineering methods for predicting the effects o f  suppression 

systems on the fire and associated flows.
(iv) To prepare a standard for the assessment and verification of calclation models which 

predict detection, activation and the effect of fire suppression systems.

Working Group 5: "Evacuation and rescue"

Scope for WG 5 :
(i) To provide a framework for guidance on the use of performance based design for escape and 

rescue.
(ii) To prepare guidance for the characteristics o f human behavioural profiles and appropriate 

scenarios for escape and rescue.
(iii) To prepare a standard for the assessment and verification of engineering methods used for 

designing escape and rescue provisions.
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The work item o f WG 5 has been agreed as follows:
ISO/CD 13394*: Fire Safety Engineering -"Evacuation and rescue"

Scope: To prepare guidance on engineering methods for evaluating evacuation and rescue 
provision.

WG 5 formed TG 1 for drafting CD 13394 (Mr Berry)

The other task groups finished their work meantimes.

9. Forthcoming meetings

1995- 10-16 till 19 meetings o f SC 4 and WG 1 - WG 5 in Tokyo / Japan 

Spring 1996 meetings o f SC 4AVG I - 5 in Santorini / Greece

1996- 09-28 till 1996-10-04 WG 1 - WG 5 in Ottawa /Canada

Wolfram Becker 
(Chairman o f ISO/TC 92/SC 4)

Annex : Membership in ISO/TC 92/SC 4 working groups (1995-03-14)
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APPENDIX VIII

Paper for Conference on Fire Research & Engineering



Predicting Heat Transfer through Wood Stud Wail* Exposed to Fire
J. R_ Mehaffey* and Hiia Talceda**

Forintek Canada Corp.
*2665 East Mali Vancouver V6T 1W5 Canada 

**1390 Prince of Wale* - Suite 300, Ottawa, Ontario K2C 3N6 Canada

ABSTRACT

This paper reports improvements in a computer model1* which had been developed to predict 
heat transfer through gypsum-board / wood-stud walls exposed to fire The model which w u  
based on heat transfer equations with complete sets of thermophysical properties o f wood and 
gypaum board, was shown to predict heat transfer through these walls rather well. However to 
better understand char formation in wood studi, a subsequent effort has been nude to improve 
and refine radiation heat exchange within the wall cavity. The present paper describes the 
improved model and discusses model validation.

INTRODUCTION

As a first {ftp  in dr-eioninj a fir* resilience made! for tjypsum-board / wood stud walls, t  
computer m odel- was developed fp predid near transfer through a wall ovpoied to lire. The 
model was based on neat transfer equations witn complete sets o f temperature dependent 
thermophysical properties for wood and gypsum board, and simple radiation heat exchange 
equations within the cavity. The model predicted three important characteristic rimes rather w»n- 
the finish rating, the rime to onset o f  charring o f the studs and the rime to failure of the assembly 
(due to heat transmission).

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

IMPROVED MODEL

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

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

Furnace (Fire)

âypaum
Board

Cavity

Ambient

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

B*i

c !

7 Î
D
4

Cavty

COMPARISON OF PREDICTED AND EXPERIMENTAL RESULTS

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

CONCLUSION

The improved model predicts heat transfer through a gypsum-board /  wood stud wall very well. 
The model is being coupled with a simple structural model to generate a fire-resistance model for 
wood-stud wails.
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Table 1. Summary o f fire resistance tests for gypsum board / wood assembly.

i TEST SCALE DESCRIPTION OF ASSEMBLY

1 small 4 layers 5/8" Type X gypsum board tn* *?+•*)
•»** small 1 layer \{T  Type C gypsum board |

small 1 layer î/8" Type X gypsum board

I 4 small 2 layers 5/8" Type X gypsum hoard

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

1 6 full 1 laver 5/8" Type X  evpsum board (loaded)
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TIME (min)
Fi“' 2 Ten’PeratUre' nme for thc « a le  test (TEST 2) at nodes. A. £, F, G « d  H.
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