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SUMMARY

This is the final report on the risk assessment fellowship project at the National Research Council (NRC). An 
overview of the project objectives, background and completed work is provided. The status of the negotiations 
since the suspension of the agreement with NRC is included. This report gives a summary of the 
communication with representatives of the wood industry and other concerned parties regarding the relevance 
of the risk project to the industry and regarding its potential for expanding market access for the wood industry. 
As a result of the review of the completed work along with the status of the negotiations with NRC, and based 
on the communications with key industry representatives and building officials, a recommendation for 
termination of the risk assessment project and for starting a new one is given.



TABLE OF CONTENTS

Page

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

1.0 OBJECTIVES..........................................................................................................................................  1

2.0 BACKGROUND ................................................................................................................................... 1

3.0 S T A F F ..........................................................................................................................................................1

4.0 REVIEW OF COMPLETED WORK ..................................................................................................  2

5.0 STATUS OF NRC/FORINTEK NEGOTIATIONS...................................................................................3

5.1 Meeting at N R C ..............................................................................................................................3
5.2 Proposed Collaborative Project Objectives...................................................................................5
5.3 A Stalemate..................................................................................................................................... 6

6.0 COMMUNICATIONS AND PROJECT CONTACTS ........................................................................... 6

6.1 Wood Industry Contacts .................................................................................................................6
6.2 Non-Wood Industry C on tact......................................................................................................... 7

7.0 CONCLUSIONS AND RECOMMENDATIONS................................................................................  9

8.0 REFERENCES.......................................................................................................................................  10

ii



1.0 OBJECTIVES

To compare fire-risk in low-rise combustible non-residential occupancies, as described in the National 
Building Code of Canada (NBCC), with that in low-rise combustible non-residential occupancies, presently 
not permitted by the NBCC, in support of CWC proposed revisions to the NBCC.

Fire safety requirements for buildings are provided by demonstrating compliance with the NBCC 
specifications such as establishing the construction type (combustible or noncombustible), structural 
integrity and compartmentation (fire resistance), flame spread ratings (interior finishes), escape routes (life 
safety), active fire protection (life safety and property protection), etc. To date it is not possible to 
determine to what degree these requirements taken singly or in combination improve fire safety. Fire risk 
assessment provides an opportunity to look at such considerations.

Although use of wood building materials is permitted by the NBCC for certain applications, generally more 
stringent fire resistance requirements are stipulated for combustible buildings than for non-combustible 
buildings. For example, a 3-storey office building requires a 45 minute fire resistance rating for all load 
bearing walls and floors while no fire resistance rating is stipulated for a 3-storey non-combustible office 
building; height and area restrictions are applied to combustible buildings; and the construction of 4-storey 
wood-framed buildings is permitted only if fully sprinklered while wood-framed buildings over 4 stories in 
height are not permitted.

In an effort to eliminate inconsistencies within the model code and to provide technically based solutions to 
ensure continued use of wood as a building material, Forintek Canada Corp (FCC) initiated a program to 
develop a mechanism to evaluate equivalences between alternative designs and to enable the selection of the 
most cost-effective design. This mechanism is a risk-cost assessment model.

The National Research Council (NRC) has developed a fire risk-cost assessment model (FiRECAM) for 
noncombustible high-rise apartment and office buildings. Basically, this model consists of a number of 
sub-models which use a blend of statistics and determinism to predict the probability of a fire starting, 
developing and spreading throughout the building, and the evacuation of building occupants. The method 
uses a systems approach to consider the interaction between fire growth and spread, smoke transport, 
human behavior and building features.

2.0 BACKGROUND
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L. Richardson Research Scientist

C. Wright Research Associate

4.0 REVIEW OF COMPLETED WORK

The risk assessment project was started in April 1990 with a projected completion date of March 1995. In
June 1994, the risk assessment project leader, A. Cornelissen resigned from Forintek. In September 1994,
H. Takeda was appointed interim project leader. In November, 1994, the program manager, J.C. Havard
also resigned from Forintek. The project was extended for a year till March 1996. A. Tamim was hired in
October 1995 to take over the project. A detailed review of the previous fellowship work was undertaken.
The following are the findings:

! Neither NRC nor FCC has record of any results or any accomplishment by the fellowship work 
that would have actually benefited the wood industry market access.

! Chris Wright was contracted in 1993 to assist the wood fellow in developing the boundary element 
model while working under the supervision of Jim Mehaffey. Jim and Chris had successfully 
developed a thermal endurance model under a different project. The heat transfer model on which 
it was based is still being updated by Flisa Takeda under a new project. Chris and Jim made an 
unsuccessful attempt at modelling structural endurance. Since the reliability model developed by 
Chris for the risk assessment project needs to assess structural performance and since the thermal 
endurance model is being updated, the boundary element will be redeveloped.

! The National Building Code of Canada (NBCC) allowed the construction of the four-storey timber- 
frame buildings in its 1995 edition. This was the risk assessment project objective and it was 
attained without relying on FiRECAM or on the wood fellowship.

! A fire statistics report was compiled by the National Fire Protection Association on low-rise
commercial-retail buildings in the USA and it was given to NRC to use as input in FiRECAM.

! A case-study office/retail store building on Merivale Road was chosen to conduct risk assessment. 
NRC gave the blue-prints back to Forintek in January 1996. By the time the new project leader 
was hired, the building owner had gone bankrupt and most of the building tenants had left. NRC’s 
evacuation and egress models are still limited to office and residential occupancies.

! In 1994, NRC requested an extension of funds and time to conduct evacuation studies of the
Merivale Road building to design an egress model to account for the retail shop. Accounting for 
external funding might be necessary for any new agreements with NRC.

! Hisa Takeda, the interim project leader, has attempted to work with NRC researchers to keep the 
project going. However, NRC's David Yung refused any input from Hisa claiming that the 
fellowship had been cancelled and that it had to be renegotiated.

! In November 1995, Paul Clancy of VUT, Australia, completed a Boundary Element Model for 
NRC which he had ben developing under contract for the NFL since 1992. During my 
conversations with D. Yung, he indicated NRC's satisfaction with the model. At the same time, 
NRC suggested there might be room for FCC to provide input to NRC's model by financing more 
wall and floor assembly tests for calibrating the model. Clancy's model assumes a random
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distribution of wood properties. Subsequently, the NRC staff changed their position; they still need 
a boundary element model.

One of the deliverables of the project is to develop construction cost data. No costs were compiled 
for timber frame buildings, and no cost model was thus generated. A few references on housing 
construction were found in the old files. New references were compiled and contacts with the 
wood industry were established by the new project leader in preparation for the development of the 
cost model.

NRC is currently seeking to get the Canadian steel industry interested in FiRECAM. They are 
conducting a one-year feasibility study of a 5-storey unprotected steel-frame structure. NRC is also 
negotiating contracts with Australia's Code Reform Center and with New-Zealand's Fire Brigades 
Unit. The aim for these negotiations is to upgrade FiRECAM and make it an acceptable firesafety 
engineering tool for the implementation of performance-based codes in that region. FiRECAM is 
currently being upgraded to handle light-industrial occupancies with funding from DND. The main 
Canadian financiers of the project are NRC, DND, PW&GSC.

In January, a meeting was held in Vancouver between A. Tamim, E. Lyn and J. Mehaffey. E. Lyn 
is a graduate student at UBC who is working on fire growth analysis for the thermal failure model.
It was decided at the meeting that his work will be needed for the boundary element model and for 
developing the risk analysis tool. The project leader will be advising E. Lyn on his thesis as a 
member of the oversight committee.

5.0 STATUS OF NRC/FORINTEK NEGOTIATIONS

5.1 Meeting at NRC

On January 8, 1996, a meeting was held at NRC attended by Amal Tamim, David Yung, Howard Gribble, 
and Ken Richardson. This meeting was called by Ken Richardson as a result of the impasse reached 
between David Yung and the FCC project leader regarding the definition of the fellowship requirements. 
FCC clearly outlined to NRC the need of the industry for a risk assessment tool applicable to wood-frame 
buildings and for FCC participation in the development of such a tool. These needs were considered 
unsatisfactory to NRC since they do not explicitly meet their requirements for external funding. The 
meeting was held to examine both party's needs and to clearly define the current capabilities and future 
applications of FiRECAM.

NRC brought up the following issues :
C The fellowship has to focus on a specific occupancy problem of critical importance to the wood 

industry and construction market.
C The objective of having a universal fire-risk cost-assessment tool that can be applied to any wood- 

frame construction is totally unfeasible.
C FiRECAM still needs a Boundary Element Model for wood-frame buildings.
C A need to avoid the problems of the previous fellowship.

The following was agreed on :
C The need for clearly specifying the problem to be resolved through the fellowship agreement 

between FCC and NRC.
C The need to do something worthwhile and benefit both the wood industry and NRC by 

demonstrating the success of FiRECAM in resolving the problem defined by FCC.
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C FCC and the CWC can identify the critical occupancy that has relevant application for the wood 
industry, for example a four-story wood-frame apartment building or a combination office and 
commercial building.

C The fellowship represents a collaborative effort to solve a specific problem advanced by FCC on
behalf of the industry. The fellow and David Yung will act as the facilitators representing Forintek 
and NRC respectively.

FCC brought up the following points:
C FCC and the wood industry are looking for tangible end-results from the fellowship project.
C The direction the NRC envisages for FiRECAM distribution and application.
C The current status of FiRECAM models.
C Despite NRC's previously expressed satisfaction Paul Clancy's Boundary Element Model (BEM), 

the NRC still requires the development of a BEM within the terms of the new fellowship.
C The need to identify the resources required for the development of the project proposal.
C The search for additional external funding to support the long-term research project will be an

integral part of the proposal.
C The project will incorporate "go’V'no go" milestones.

The response by NRC was and it is understood by FCC that:
C NRC is also looking for tangible results from the fellowship in order to show the success of

FiRECAM and its credibility in the long-term and by providing the wood-industry a with a tool to 
broaden the application of wood-frame construction.

C FiRECAM is being built in phases and new models are being added or upgraded in cooperation 
with various players. Ultimately it will be able to handle ordinary buildings and NRC is still 
debating how to address the out-of-the ordinary applications, and the distribution/general release of 
FiRECAM with their in-house experts. They are also looking at the possibility of training present 
partners during the implementation of FiRECAM.

C FiRECAM is building specific. None of the models can handle generic buildings and the
application of FiRECAM has to be reviewed case by case. NRC clarified the fact that they are 
satisfied with Paul Clancy's boundary element model only for the unique case of three-story 
apartment buildings in Australia. The application of FiRECAM as a solution by the Australian 
National Association of Forest Industries (NAFI) resulted in an "ultra-conservative" approach to 
three-story wood-frame apartment buildings and therefore is not applicable to other buildings.
They still need a Boundary element model that will work for four or 5-story wood-frame buildings. 

C The group agreed to define a specific occupancy that is of importance to the industry. Having done 
that, it will be possible to define the required tasks and milestones for the fellowship based on the 
capabilities of FiRECAM and the available resources.

C Both sides agreed on the need to find outside people to generate support for the project. The
shearwall project was cited as an example of successful collaboration between FCC, CWC and 
NRC.

C The Joint Canada-Japan program was also mentioned because of the possible outside funding from 
industry looking to export residential wood-frame construction.

5.2 Proposed Collaborative Project Objectives

As a result of the January 8 meeting with NRC and based on talks with key industrial partners, the 
following collaborative project objectives were proposed to NRC on January 15, 1996. Our aim is to 
revise some of the 1995 NBCC requirements to increase the wood industry's market access. Through 
collaboration with NRC, we are seeking to define the assumed relationship between fire risk, building size, 
wood construction and occupancy. The results of using FiRECAM should be taken to the Canadian
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Commission on Building and Fire Codes (CCBFC) by CWC since they represent the interests of the 
Canadian wood industry. We are also looking at ways to integrate our boundary element model into 
FiRECAM. The project leader will eventually choose between the following two proposals to identify the 
main fellowship objective. In order to do that, NRC will need to provide FCC with a first-hand estimate of 
time, basic resources and major areas of work on FiRECAM for each of the proposals.

5.2.1 Proposed Objective 1

Revise the requirements in section 3.2.2.45 of the National Building Code presently specifying a maximum 
area of 1800 sq.m, for sprinklered wood-frame buildings with the objective of increasing the permitted size 
for wood buildings and bringing them closer to the 9000 sq.m, permitted for non-combustible construction.

Background . A 4-storey wood-frame residential building is currently permitted by the National Building 
Code however such a building is limited in area because of an assumed relationship between fire risk, 
building area and combustible construction. For example, the Code limits wood-frame 4-storey residential 
buildings to a maximum area of 1800 sq.m, while it allows a maximum of 9000 sq.m, for a building of 
similar height/occupancy constructed of non-combustible materials. The industry feels that such a 
limitation is not justified. As a result, it is being restricted from gaining market access to larger area 
construction. The industry is very much interested in seeing the area limitations on combustible 
construction revised and possibly removed for certain buildings. It is also interested in testing the code 
assumptions by estimating how changing square-footage areas would affect the risk values in residential 
wood-frame buildings whether 3 or 4 stories-high. The Building Code section that specifies area limitations 
in residential occupancies of 4-storey combustible construction is 3.2.2.45 and in non-combustible 
construction is 3.2.2.43.

5.2.2 Proposed Objective 2

Revise the requirements in sections 3.2.2.25 and 3.2.2.26 of the National Building Code limiting wood- 
frame construction to a maximum building height of 2 stories in A-2 (assembly occupancy) buildings. The 
objective would be to allow 3- and possibly 4-storey wood-frame construction for Group A Division 2 
occupancies.

Background . The 4-storey mixed occupancy is also of interest to the industry and NRC is asked to provide 
some assessment of FiRECAM's capabilities to handle such an occupancy. CWC gets frequent calls 
regarding the renovation of existing down-town office and residential buildings to accommodate assembly- 
type occupancies, i.e. restaurant, library, classes, etc. The Code does not permit wood-frame construction 
to be used in such mixed occupancies in buildings over 2 stories in height. The wood-industry feels that 
they are being unfairly shut-off from a market share of about half a billion dollars in Canada in new and 
renovation markets according to Rod McPhee. Can FiRECAM assess the risk of such mixed occupancies? 
We need to establish the difference in risk between wood-frame office-assembly mixed occupancy with 
similar occupancy and concrete- or steel-frame construction. Can FiRECAM identify what combination of 
built-in fire protection would result in equivalent risk?

5.3 A Stalemate

On February 14, 1996, a meeting was held at NRC between David Yung and the project leader to get 
NRC's response to the proposed objectives. Based on that meeting and other follow-up communications, it 
was eventually established that the fellowship project would be halted until :

(a) Forintek completes a boundary element model including structural and thermal analysis.
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(b) NRC finds external funding to support this project.

6.0 COMMUNICATIONS AND PROJECT CONTACTS

A number of contacts were initiated with various groups to introduce them to the risk project and to get 
their input regarding its continuation and its relevancy to the wood industry. The main reason for holding 
these talks was to test the "raison-d'être" of the fire risk project. The contacts with key wood industry 
representatives revealed a clear interest to pursue a risk analysis project designed to address restrictive and 
unjustified building code requirements and to develop wood-specific fire engineering tools.

The talks with building code officials, fire officials, architects and insurance, and construction industry 
representatives lead to the identification of valuable information resources regarding the development of 
fire engineering tools. These talks also revealed concerns with respect to wood construction and with the 
risk assessment tool currently developed at NRC. The following is a summary of my contacts with all the 
relevant groups.

6.1 Wood-Industry Contacts

All the previous industry liaisons were contacted and were told that the fellowship was being renegotiated. 
These included A. Kempthorne, COFI, J. Lowood, SBA, R. McPhee, CWC, D. Barett, UBC. J. Lowood 
and A. Kempthorn are still interested in being part of the project steering committee. They expressed 
concern about the lack of communication between the fellow and the liaisons and also with the limited 
travel budgets.

A meeting with A. Kempthorn and N. Nagy of the Canadian Plywood Association was held in January.
N. Nagy will be able to replace Art Kempthorn on the steering committee. He will be a good resource for 
the structural model. A. Kempthorn emphasized the need to address code restrictions and the need for fire 
safety engineering tools.

In various meetings between Forintek staff and Rod McPhee of CWC, Rod stressed the need for addressing 
the building code restrictive requirements applied to wood construction. He believes that fire risk analysis 
is a valid approach. However, he voiced his concern regarding the development of FiRECAM and the 
validity of the models.

A contact has been established with Norbord Industries. A. Schuler of Norbord is interested in being an 
industry liaison person and has provided valuable information for getting construction costs and market 
data.

A contact has been established at MacMillan Bloedel (MB) Research with K. Lau and S. Petersen. I met 
with S. Petersen in January and will be meeting with K. Lau in March. MB Research is very interested in 
addressing the architects' and specifiers' concerns regarding the fire performance of wood construction. 
There is good potential for their participation as industry liaisons.

A meeting was held with David Cohen, wood economist and associate professor at UBC, and his post
doctoral student at UBC, R. Kozak in January. The student had just completed his doctoral thesis on the 
architects' and building designers' perception of wood as a construction material. The findings of his 
research reveal new concerns that can be addressed through fire risk analysis. Forintek, CWC and MB 
Research partially funded this doctoral work.
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6.2 Non-Wood Industry Contacts

6.2.1 Fire Officials and Building Code Officials

A contact has been established with Alberta's fire commissioner, Tom Makey. A meeting will be held in 
Edmonton in March 1996, at the fire commissioner's office and will include Alberta building code officials. 
The Alberta fire statistics provide some of the most detailed and reliable data available. They are interested 
in updating their system and will be able to provide construction-type related fire statistics. Such data do 
not exist in the Ontario fire statistics system.

Another contact was established with the Ontario fire marshal's office. D. Crawford, deputy fire marshal, 
indicated that their engineers use mainly Hazard-I and FPETOOLS for fire engineering analysis. They 
need these fire safety engineering tools for investigative purposes. Right now they do not have the tools for 
assessing structural performance of wood construction under fire conditions. In fact, FPETOOLS and 
Hazard-I both lack a fire endurance model.

Separate meetings were held with F. Albert, president of the board of Fire Prevention Canada, and with the 
Montreal fire department's chief fire inspector, R. Dubeau, in December 1995. I was interested in getting 
the fire officials' opinions regarding the applicability of fire safety engineering tools and performance-based 
codes. The fire community is quite anxious about the coming of performance-based codes. Their main 
concern is that their staff does not have the expertise or the training required to apply such codes. They are 
also worried about downloading of provincial government services to municipalities. The fire officials are 
concerned about the new engineered wood products on the market. The main concern is the performance of 
these products under fire conditions and the resulting effects on fire fighters.

F. Alert indicated that Fire Prevention Canada (FPC) is the educational arm of the fire protection industry. 
They will be able to play a critical role in the technology transfer of our wood construction fire engineering 
tools. FPC is also a good a source of information about national fire issues.

R. Dubeau had been involved with some evacuation drills for FiRECAM in Montreal, and he is on the 
code committees. R. Dubeau is open to participation in R&D and to investing some time and resources.
He will be a good resource person for assessing fire department activities and for the application of 
FiRECAM.

I met with a Nepean Building official, T. Dalkowski, in January 1996, regarding the application of the fire 
risk assessment and fire safety engineering tools. T. Dalkowski believes these tools will be relevant to 
building officials only when performance-based codes become a reality. It seems that some officials are 
actually confused about what would be their role if performance-based codes are adopted. It is not in their 
mandate to rationalize the intent or the requirements of the code. They usually rely on the Canadian 
Commission on Building and Fire Codes for cases not meeting the code specifications.

Two more contacts were established with building code representatives, A. Chow, President of the Ontario 
Building Officials Association and A. Arlani, of the Ontario Ministry of Housing. Both officials indicated 
that their departments need fire safety engineering tools to evaluate building performance in relation to new 
construction designs and materials. They do have some concerns with the complexity of FiRECAM and the 
time it takes to run it. The input of these officials will be crucial in developing wood industry fire 
engineering tools that will be accepted widely by building officials and architects.
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6.2.2 Construction Industry and Architects

I met with CHBA's Code specialist and IRAP agent, R. Monsour and with CMHC's Housing Innovations 
manager, T. Kerwin in November 1995. Ross and Tom (i.e. CHBA and CMHC) still have an interest in 
changing the National Building Code residential sprinklers requirements. CMHC and CHBA are interested 
in both multi-residential and single family homes. Ross is a good IRAP contact at NRC. He indicated his 
willingness to help identify a source of outside funding for the fellowship by one of CHBA's or its sister 
associations' members. It does not matter if the chosen application is a commercial or a residential 
occupancy. I was hoping that CMHC would make building construction costs available. It seems that the 
cost project started at CMHC was put on hold but might be restarted if enough outside interest is generated. 
CMHC is feeling federal government cuts will be implementing them soon. After talking with R. McPhee, 
CWC regarding the possibility of getting CMHC and CHBA involved in the risk project, he indicated that 
it might be best to wait for the results of the sprinkler study that CMHC has undertaken.

A contact was made with an architectural firm, Griffith, Rankin & Cook (GRC), in Ottawa. They have 
been involved with many wood-frame construction projects. I met with one of their wood specialists, G. 
Schafer, at FCC offices, in December 1995 and with one of the partners, A. Rankin in February 1996.

G. Schafer brought the blue-prints of a new residential 4-storey wood-frame building GRC has recently 
designed for Queen's University. He is currently working on contract for GRC and is very interested in 
the risk project. He is willing to assist by giving me his expert opinion regarding building design and 
costing methodologies. He is concerned about the conflicting messages from the Canadian versus the 
American industries regarding the fire performance of new products on the market. When asked about the 
possibility of using wood in the CUDC 4-storey office building where the fire group is presently located on 
the Carleton Campus, G. Schafer pointed to the inability to design for open-office concept with wood 
construction. Such office design is not possible with the products currently available on the market. Also, 
he raised the issue of people who are not normally accustomed to considering wood as a material choice for 
office buildings.

A. Rankin is a former president of the Royal Canadian Architectural Institute. He is very much interested 
in the fire risk project and will be a good resource person for accessing the architectural community. Two 
main indicators of architects' attitudes toward wood construction were revealed by A. Rankin: the concern 
with professional insurance and the timing of projects. Architects want to reduce their liability risks. Most 
of the insurance liability cases in building construction defects will generally turn back to the architect. In 
Canada, architects assume most of the responsibility for the building. Another interesting revelation from 
this meeting is that architects frequently use the building code to find out the things they cannot do! Wood 
might be their choice or the owner's choice for aesthetic reasons or because of its affordability however the 
code does not permit it in many cases of mixed occupancies. Rankin also indicated that there is a definite 
lack of knowledge on the part of designers and specifiers with regard to wood properties and this has 
affected negatively the North-American attitude towards using wood as a construction material for non- 
residential occupancies. He believes that the development of fire engineering tools applicable to wood 
products will be of benefit to all in the construction industry.

6.2.3 Insurance Industry

A contact was established with the Insurance Advisory office (IAO) to obtain information on fire losses and 
insurance costs based on construction and occupancy types. These statistics can be obtained from them at a 
cost of $ 600 plus tax. The statistics are crucial to the risk project since they can be used to relate fire 
losses in various occupancies to the construction material types.
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The chief engineer at IAO, in Toronto, B. Girder, was contacted. It may be in our interest to follow-up on 
the insurance industry's research interests. Through the fire risk project, the insurance industry's interests 
can be compatible with our interests of increasing market access for wood products in construction. An 
interesting fact is that the Canadian insurance industry statistics system is over 20 years old and is currently 
being revised under a multi-year project.

7.0 CONCLUSIONS AND RECOMMENDATIONS

Input is required from the wood and construction industries as well as from building and fire officials in 
order to define realistically what the project should accomplish. Interest in the newly proposed project 
objectives has been proven through contacts with these groups. A new project will be able to better 
address wood industry needs and have their input from the start. The industry continues to support the 
development of fire safety analysis tools to support market access. The new risk analysis project will be 
designed to develop tools that will be capable of addressing the restrictive code requirements on height and 
area for wood construction and the use of wood products in mixed occupancies. The new project will also 
be able to make these tools available to and be accepted by building authorities and construction specifiers.

It is important to note that since the initiation of the project, the North American Wood Products Fire 
Research Consortium (NAWPFRC) has ranked fire risk assessment as a key long-term research area. 
Hence, the development of a fire risk analysis project and fire safety engineering tools applicable to wood 
products must be given a higher priority than the survival of the wood fellowship at NRC.

The termination of the former fire risk assessment project and the start of a new fire risk analysis project 
are therefore recommended. The main factors taken into consideration for giving this recommendation are:

1- The NRC has cancelled the fellowship on their side and want to renegotiate the agreement.
2- No work was completed on FiRECAM at NRC to make it applicable to wood frame buildings.
3- The negotiations with NRC to restart the fellowship are stalled due to their need for external funding.
4- The risk assessment project objectives are not valid anymore.
5- Neither the boundary element model nor the structural failure model has been completed.
6- No data are provided by either the NRC or the previous project leader that show concrete benefits to the 
wood industry.
7- The main features of FiRECAM that will be addressed in the new fellowship are still unknown due to 
NRC reluctance to formulate specific achievable goals for the project.
8- Contacts with building and fire officials have identified the need for reliable fire safety engineering tools 
and have shown some concern with the NRC model.
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