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NOTICE

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

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

1. To develop and validate mathematical models for the fire endurance 
of wood construction assemblies used in light-frame buildings.

2. To develop a mathematical model to predict heat transfer through 
gypsum wall assemblies under fire conditions.

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

2.0 BACKGROUND

Results from this research project will contribute to the North American 
wood industry fire research program to design fire-rated structural wood 
building systems. This research will be carried out in cooperation with 
fire endurance research projects at the U.S. Forest Products Laboratory 
(FPL).

Results from this research will provide the wood industry with basic 
information about the performance of wood materials used in building 
construction, when exposed to fire.

Additional information concerning the significance of this project is 
available in the Memorandum of Understanding FP-88-0998 between Forintek 
Canada Corp. and FPL. (See Appendix I).

3.0 PROPOSED APPROACH IN 1989-90

A literature review of existing fire models for predicting heat transfer 
in wood-stud wall assemblies was to be conducted. The existing models were 
to be adapted or, if necessary, new models developed to predict heat 
transfer through gypsum wallboard. Validation of the models was to commence 
with small-scale fire testing of gypsum wallboard assemblies.

Research conducted at Forintek was to be coordinated with the overall fire 
endurance research efforts of the North American wood industry and, 
particularly, with those of FPL. The project leader was to participate in 
meetings of:

a) the wood industry's Ad Hoc Fire Modeling Review Group at 
Michigan State University in June, 1989, and

a) the North American Wood Products Fire Research Consortium 
in Washington, D.C. in August, 1989.
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To promote Forintek's fire endurance research and to keep abreast of 
developments in the field, the project leader was also to participate in:

a) sessions of the Conference of the International Fire 
Protection Engineering Institute in Ottawa in May, 1989,

b) the International Conference on Municipal Code 
Administration, "Building Safety and the Computer" in 
Winnipeg in September, 1989, and

c) the CIB Workshop on Fire Modeling in Gaithersburg,
Maryland in February, 1990.

4.0 PROGRESS IN 1989-^90

To develop a computer model for the fire endurance of a gypsum wallboard 
/ wood stud wall assembly, heat transfer through gypsum wallboard exposed 
to fire must be modelled. Because of gypsum's unusually high moisture 
content, this is a difficult undertaking. To gain an appreciation of past 
attempts to model heat transfer in gypsum wallboard, a literature review 
was conducted. Existing models treat the dehydration of gypsum very poorly 
from both theoretical and material property points of view and agreement 
with experimental data is poor. A simple model developed at Forintek 
demonstrated the need for more reliable thermophysical data; in particular, 
the relationship of thermal conductivity and apparent specific heat to the 
moisture content and temperature of the wallboard. The results of this 
study were summarized in a paper entitled "Modelling Heat Transfer Through 
Wood-Stud Partitions" which was presented in June during a meeting of the 
wood industry's Ad Hoc Fire Modeling Review Group. A copy of the paper is 
attached as Appendix II.

Attempts to obtain reliable thermophysical data from the gypsum industry 
vrere undertaken. A review of the Gypsum Association's files in Washington, 
D.C. uncovered no new information. At Forintek's invitation, George 
Shortreed of Domtar Inc. and Dr. Paul Shipp of U.S. Gypsum Corp. visited 
Forintek's Eastern Laboratory in May and August respectively. Both 
expressed interest in the research but made it clear that the gypsum 
industry had never generated the required data. The possibility of a 
collaborative effort between Forintek and the U.S. Gypsum Corp. was 
discussed, but no firm commitments were obtained.

In September, discussions commenced with Dr. M.A. Sultan of NRC's National 
Fire Laboratory (NFL). A joint Forintek-NFL research proposal was prepared 
and subsequently submitted to the Resource Industry Program (RIP) at NRC. 
It is RIP's mandate to foster collaboration between NRC and the resource 
industries.
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The proposal was approved and a contract signed in January. A copy of the 
Statement of Work to be performed under the contract is attached as 
Appendix III. The collaborative project entails measurement by the NFL of 
the thermophysical properties of gypsum wallboard to provide input data for 
Forintek's models. In addition, the NFL will conduct 4 small- and 2 full- 
scale fire resistance tests on wall assemblies to provide data for model 
development and model validation. Work will commence in February with each 
agency paying the costs associated with their portion of the joint effort.

During September the Canadian Wood Council (CWC) sponsored a fire 
resistance test at the NFL to determine the fire-resistance rating of a 
wall assembly for building code purposes. The wall was comprised of a 
layer of 15.9 mm Type X gypsum wallboard on each side of wood studs 600 mm
o.c. At Forintek's request, the CWC arranged to collect data which will 
be useful in validating the heat transfer model being developed.

Coordination of Forintek's fire endurance program with the overall fire 
endurance research efforts of the North American wood industry, involved 
participation of J.R. Mehaffey in meetings of NFPA's Subcommittee on Fire 
Research and of the North American Wood Products Fire Research Consortium 
(NAWPFRC) in Washington, D.C. As a result of these contacts and based on 
Forintek's progress to date, NFPA has provided to Forintek $10,000 (US) to 
support development of heat transfer algorithms which can be utilized in 
structural models under development by other NFPA-supported researchers.

Throughout the year, efforts were made to coordinate Forintek's fire 
endurance research with developments in the field. In May, J.R. Mehaffey 
attended Forintek's Wood Engineering RPC Subcommittee Meeting in Prince 
George, B.C. to report on the fire research program. Subsequently, he 
visited Forintek's Western Laboratory to discuss the coupling of heat 
transfer models (under development in the Eastern Laboratory) and 
structural models (under development in the Western Laboratory) to form 
fire endurance models. Later in May, he attended sessions on Risk 
Assessment, Fire Behaviour and Construction during the International Fire 
Protection Engineering Institute at Carleton University in Ottawa. In 
September, Dr. Mehaffey presented a paper entitled "Fire Modelling and Fire 
Safety Design" to the International Conference on Municipal Code 
Administration "Building Safety and the Computer" in Winnipeg. A copy of 
the paper is attached as Appendix IV. The paper summarized fire modelling 
calculations predicting a minor impact on fire severity resulting from the 
use of wood-framing in partitions and in fire separations in buildings 
required to be of noncombustible construction.

Participation in codes and standards writing activities provides for two- 
way technology transfer between Forintek, and codes and standards writing 
organizations. In particular, it provides an avenue for adoption of fire 
endurance models under development by Forintek. As a member of 
Underwriters' Laboratories of Canada's (ULC) Task Group on design of 
structures for fire resistance, Dr. Mehaffey prepared a summary of simple 
methods for calculating fire resistance ratings of wood construction 
assemblies. The summary is attached as Appendix V. ULC will coordinate 
the summary with contributions from the concrete and steel industries to
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form a single design document. Dr. Mehaffey is also serving a two-year 
term on the Standing Committee on Fire Performance Ratings which is 
responsible for the requirements in Chapter 2 of the Supplement to the 
National Building Code of Canada. These requirements have a major impact 
on the use of wood-based building systems. Finally, Dr. Mehaffey is active 
in the development of international fire test and fire modelling standards 
as a member of both ASTM E05 on Fire Standards (as 4th Vice-Chairman) and 
the Canadian Advisory Committee on ISO/TC9 2 on Fire Tests for Building 
Materials.
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MEMORANDUM OF UNDERSTANDING
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MEMORANDUM OF UNDERSTANDING FP-88-0998 

between
FORINTEK CANADA CORPORATION 

and

FOREST PRODUCTS LABORATORY 
U.S. DEPARTMENT OF AGRICULTURE, FOREST SERVICE

THIS AGREEMENT, made and entered into by and between Forintek Canada 
Corporation , hereinafter referred to as the Cooperator, and the Forest 
Products Laboratory, U.S. Department of Agriculture, Forest Service, 
hereinafter referred to as the Forest Products Laboratory, under the 
provisions of 16 U.S.C. 1642,
WITNESSETH:

WHEREAS, the Cooperator and the Forest Products Laboratory are mutually 
interested in undertaking collaborative research on heat transfer modeling of 
wood assemblies, and

WHEREAS, mathematical models which predict temperature histories will be 
obtained and evaluated, this will provide a data base of fundamental 
information about the fire performance of wood products for use by code 
officials, architects, engineers, wood products manufacturers, and trade 
associations, thus increasing the utilization of timber and reducing the 
cost of building construction while simultaneously improving life safety, and

WHEREAS, technical and theoretical expertise of the Forintek Laboratory 
will complement Forest Products Laboratory expertise, Forintek's assistance 
in comparing theoretical and empirical results will enhance the acceptance 
of the information developed.

NOW, THEREFORE, in consideration of the above premises, the parties hereto agree as follows:

A. THE COOPERATOR SHALL:

1. Develop a mathematical heat transfer model for simple unloaded wall 
assemblies.

2. Compare results obtained using the heat transfer model with resluts of 
vertical wall tests.

3- Refine the heat transfer model to improve predictive capability.
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3. THE FOREST PRODUCTS LABORATORY SHALL:

1. Provide test results for use in verification of heat trànsfer 
model.

2. Provide technical assistance.

C. IT IS MUTUALLY AGREED AND UNDERSTOOD BY AND BETWEEN THE SAID PARTIES 
THAT:

1. Attachment A is hereby made a part of this agreement.

2. This agreement in no way restricts the Forest Service or the 
Cooperator from cooperating with or receiving cooperation from 
other public or private agencies, organizations, and individuals 
or from accepting contributions and gifts for the development 
of research.

3. This agreement in no way restricts the Forest Service or the 
Cooperator from cooperating in other fire research areas besides 
the ones outlined in this agreement. Other areas could include 
charring rates of wood, effects of fire retardants, fiamespread 
modeling, or other fire research problems.

A. All improvements and computer programs for prediction of heat 
transfer through wood assemblies constructed from funds in the 
United States will remain the property of the Forest Service; and 
all improvements constructed from funds in Canada belong to the 
Cooperator or the funding organization as mutually agreed.

5. Any equipment or materials produced by or furnished to the 
Forest Service under this agreement shall remain the property 
of the Forest Service.

o. Test data produced under this agreement will be mutually shared by 
the Forest Service and the Cooperator.

7. Nothing herein shall be construed as obliging the Forest 
Service to expand err as involving the United States in any 
contract or other obligation for future payment of money in 
excess of appropriations authorized by law and administratively 
allocated for this work.

tf. No Member of, or Delegate to, Congress or Resident Commissioner 
shall be admitted to any share or part of this agreement, or to 
any benefit that may arise therefrom; but this section shall not 
be construed to extend this agreement if made with a corporation 
for its general benefit.
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9. Any publication of the results of this research by either party 
shall give appropriate recognition to the contributions of both 
parties. Reports on this work published by the Forest Products 
Laboratory for public use may be distributed by the Cooperator, 
but publication or use of reports of results by the Cooperator, 
through advertising or other media, will not be made in any way 
that implies the approval or endorsement by the Forest Service of 
a particular manufacturer’s or a proprietary product or process, 
or which broadens or distorts the factual findings of the 
cooperative project.

10. Any invention or potential copyright made under this agreement 
solely by employees of the U.S. Department of Agriculture shall 
be disposed of in accordance with the policies of the U.S. 
Department of Agriculture. Any inventions or potential copyright 
made jointly by at least one employee of the Cooperator shall be 
disposed of as mutually agreed upon between the parties. Any 
invention or copyright made under this agreement solely by 
employees of Forintek Canada Corp. shall be disposed of in 
accordance with the corporate policies of Forintek Canada Corp.

11. Either party may terminate this agreement by providing 60 davs
written notice. Unless terminated in written notice, this 
agreement will terminate on December 31,1993_____.

12. This agreement snail be effective upon execution by both parties 
here to.

IN WITNESS WHEREOF, tne parties hereto have executed this agreement as 
of tne date written below.

FORINTEK CANADA CORP.

By : ________________

Title: ______________

Date :

USDA, FOREST SERVICE

By: ________________

Title: _____________

Date :
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Attachment A

U.S./CANADA LIGHT-FRAME STRUCTURES RESEARCH PROGRAM 
COLLABORATIVE RESEARCH 

ON
FIRE ENDURANCE OF WOOD ASSEMBLIES

INTRODUCTION

Wood is tne preferred building material for construction of most light- 
frame structures. However, architects, engineers, building code 
officials, builders, and consumers are all concerned about the 
performance of wood products in fire and the potential threat to life 
and property created by their use in building construction. If wood 
products are to maintain their dominant position in this segment of the 
construction market, and further increase the use of timber products in 
building construction, both the manufacturers and consumers of wood 
building products must know about the ability of wood buildings to 
maintain their structural integrity during fire.

The technology of wood construction is changing. New building products, 
structural components, and structural design procedures are being 
introduced to improve timber utilization in light-frame structures. 
Present data bases and design methods are insufficient to define the 
effects of these new technologies on the fire safety of wood—frame 
structures. In the past, wood products and assemolies were fabricated 
to obtain a particular rating in a specific fire test. This was all 
chat was necessary for most regulatory purposes. However, these fire 
tests provided very lictle information about how the materials would 
behave in actual fire situations. Now, there is an urgent need for the 
development of model systems based upon sound engineering principles, 
which will predict fire performance of wood assemolies under various 
fire exposures or fire loads.

The introduction of computer generated models for prediction of fire 
growth in compartments will be the most important new technological 
breakthrough to affect building construction during the rest of this 
century. Based upon a combination of theoretical physics and supporting 
empirical data, these models will predict potential fire development and 
its associated risk to life and property when any specific design, 
system, or material is used in the construction of ouildings. First 
generation fire growth models have already been used as evidence in 
litigation following major hocel fires. Second generation models are 
now being developed by scientists at the National Bureau of Standards in 
Washington, DC, to predict fire and smoke movement throughout multistory 
buildings.

The newest tool availaple to the steel and concrete industries, to 
assist them in promoting the construction of ouildings made with their 
products, is a computer model that accurately predicts engineering ana 
fire performance characteristics of buildings designed with steel and
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concrete components. If wood products are to capture a larger share of 
the market for light-industrial and low-rise, multifamily residential 
construction, the wood industry will need marketing devices such as 
these models.

Tne performance of wood products, as indicated by laboratory tests to 
quantify the fundamental properties of materials involved in fire and 
provide necessary input data for the various heat transfer models, has 
not been documented. It is critically important that the forest 
products industry have this information and that they understand the 
relationship between the performance of their products in these tests 
and the predicted performance of light-frame buildings constructed with 
wood building materials. Scientists at the U.S. Forest Products 
Laboratory (FPL) and Forintek Canada Corp. recognized these trends and 
have agreed to establish cooperative research programs at their 
facilities to obtain this information.

OBJECTIVES

Canada and United States, through their respective Forest Services, have 
agreed to a cooperative research effort in the general area of light- 
frame structures. Fire safety of these structures falls naturally 
within the scope of the research program.

The objective of the present agreement is to undertake collaborative 
research between the United States and. Canada on tne mathematical 
modeling of heat transfer within light-frame structures, with the U.S. 
Forest Products Laboratory at Madison, WI, and the Eastern Laboratory of 
Forintek Canada Corp., at Ottawa, Ontario, acting as the primary 
research agencies.

This research consists of individual as well as cooperative efforts to:

1. Develop a mathematical heat transfer model for simple unloaded 
wall assemblies.

2. Assess the ability of a heat transfer model to predict results of 
vertical wall tests.

3. Refine the model to improve predictive capability.

4. Develop basic information about fundamental aspects of the 
performance of wood materials used in building construction.

The work descrioed in this agreement will be completed by December 31, 
1993.

1-5



STATEMENT OF RESEARCH TO BE UNDERTAKEN

The overall research objectives are the development and evaluation of 
predictive models which can assess heat transfer through wood 
assemblies. Initially, simple analytical models will be developed. 
These models will be compared with the results of small scale tests and, 
if necessary, refinements in the model will be made to further improve 
predictive capability. Later, the models will "be further refined, using 
large scale test data, in order to produce an accurate heat transfer 
model for full-scale assemblies. Finally, more sophisticated heat 
transfer models may be developed for more complex building systems.

RESEARCH TO BE CONDUCTED AT FORI^TEK includes developing and refining a 
mathematical heat transfer model for simple unloaded wall assemblies, 
sensitivity analysis of the model, and comparison of the theoretical 
model with empirical results of vertical fire endurance tests of wall 
systems at FPL.

RESEARCH TO BE CONDUCTED AT THE FPL will include development of a data 
base on temperature histories of wall assemblies protected with gypsum 
wall board and plywood. These assemblies will be tested under ASTM 
E 119 time temperature curves. Both small-scale and large-scale test 
data will be collected.

FUNDING AND TIMETABLE

Funding for the research project will be secured individually in Canada 
and in the United States by the respective agencies. Work, will proceed 
following the attached timetable as soon as funding is obtained and 
project coordination is achieved between the two laboratories.
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TIMETABLE FOR FIRE ENDURANCE RESEARCH

Task Responsibility Years

Develop a mathematical heat transfer 
model for simple unloaded wall 
assemblies

Forintek 1987/91

Provide test results for use in 
verification of heat transfer model

FPL 1987/91

Compare heat transfer model with 
results of vertical wall tests

Forintek 1987/91

Refine model to improve predictive 
capability

Forintek 1990/93

Provide technical assistance FPL 1987/93
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THROUGH WOOD-STUD PARTITIONS
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1.0 INTRODUCTION

Advances in fire science and computer technology are leading to 
new approaches for delivering fire safety in buildings. Until 
recently, a building designer assured his designs were fire safe 
by demonstrating they complied with prevailing building code 
requirements. However it is now evident that designers will 
eventually be in a position to employ computer fire models to 
predict the course of a growing fire in a building and the fire 
endurance response of structural members. Ideally they will be 
in a position to optimize building systems to provide acceptable 
fire safety at reduced cost. Such methodology is already being 
employed in an elementary fashion by the concrete and steel 
industries. In response, the wood products industry is currently 
expending a great deal of effort to achieve an equivalent 
capability for wood systems.

In this presentation, Forintek's project to model heat transfer 
through wood-frame assemblies is outlined. The presentation 
begins with a discussion of current practices for establishing 
the fire endurance performance of wood-stud wall assemblies. 
Arguments are then provided for going beyond these current 
practices to develop computer models to predict fire endurance. 
As gypsum wallboard is most frequently the exposed membrane in 
such assemblies, a discussion is presented on the availibiltiy of 
data for the thermophysical properties of gypsum wallboard 
required for modelling. A brief discussion of earlier attempts 
to develop fire endurance models is presented and arguments for 
the need for more work outlined. Forintek's contribution to the 
development of fire endurance models for wood-frame construction 
assemblies is then outlined. The first task is to develop and 
validate a computer model to predict heat transfer through a 
wood-stud partition protected by gypsum wallboard. The 
presentation concludes with a brief summary of progress to date 
and plans for the future.
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2.0 PERFORMANCE OF WOOD-STUD WALL ASSEMBLIES

2.1 FIRE RESISTANCE TESTS

The fire resistance rating of a gypsum wallboard / wood-stud wall 
assembly has traditionally been determined by subjecting the 
assembly to a standard fire test conducted in accordance with the 
provisions of ASTM E119 (1) or CAN4-S101 (2). During the test, 
one side of the wall is exposed in a furnace to a fire following 
the time-temperature curve shown in Figure 1. This exposure is
assumed to be representative of, but not identical to, the 
exposure the wall could experience in a building fire.

The fire endurance (or fire resistance rating) of the assembly is 
the time the assembly successfully

* prevents the passage of hot gases or flames,
* limits the temperature rise on its unexposed surface to 

139oC (average of nine points) or 181oC (maximum),
* performs its structural function under design loads (if a 

load-bearing wall), and
* prevents the passage of a hose stream.

Over the years, a large number of fire resistance tests have been 
conducted on gypsum wallboard / wood-stud wall assemblies and 
fire resistance ratings of such assemblies are published in 
listings or other technical documents. Such listed ratings are 
limited to the actual assemblies tested and do not generally 
permit for any modifications.

Typical ratings for gypsum wallboard / wood-stud load-bearing 
assemblies are indicated in Table 1 (3). For each of the
assemblies listed in the Table, a proprietary gypsum wallboard 
membrane is applied to both sides of nominal 2" x 4" wood studs 
400 mm (16in) on centre.

All entries in the Table are for Type X gypsum wallboards. In 
fact, to be classified as Type X, a board must satisfy the fire 
resistance entries for 12.7 mm or 15.9 mm in Table 1. A Type X 
board has a specially formulated core to provide a greater fire 
resistance than a regular board of the same thickness. Glass 
fibers dispersed throughout the core act as a reinforcing mat to 
hold the core intact for extended periods of time during exposure 
to fire. In addition, unexpanded vermiculite is often added to 
stabilize the core thermally and to compensate for shrinkage at 
high temperatures.

The finish rating of the assembly is the time at which an average 
temperature rise of 139oC, or a maximum rise of 181oC, is 
recorded between the exposed gypsum wallboard membrane and the 
wood studs. It gives a conservative estimate as to how long the 
membrane protects the wood stud from charring.
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TABLE 1

FIRE RESISTANCE RATINGS OF 
GYPSUM WALLBOARD / WOOD-STUD 
LOAD-BEARING WALL ASSEMBLIES

Gypsum Wallboard Finish Fire Resistance
Membrane________________________ Rating___________Rating_____

12.7 mm Type X 15 min 3/4 h
15.9 mm Type X 22 min 1 h

2 * 15..9 mm Type X 66 min 2 h

2.2 COMPONENT ADDITIVE METHOD

In addition to the proprietary listings mentioned above, a great 
deal of information is available on the performance of gypsum 
wallboard / wood-stud wall assemblies on a generic basis. A 
conservative estimate of the fire resistance rating of a wall 
assembly constructed with a generic gypsum wallboard can be 
calculated using the component additive method. The method was 
developed by the National Research Council of Canada and has been 
employed in the National Building Code of Canada for a number of 
years (4). It has recently been introduced into U.S. building 
codes.

Employing the component additive method, the fire resistance 
rating of a framed wall assembly is calculated by adding the time 
assigned in Table 2 for the membrane on the fire-exposed side 
plus the time assigned' for the framing members. These assigned 
times are interpretted as the individual contributions of the 
components to the overall fire-resistance rating of the assembly. 
They are based on empirical correlations with the results of 
fire resistance tests conducted on wall assemblies. Loosely 
speaking the times for the protective membrane are based on its 
ability to remain in place during fire tests.
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TABLE 2

COMPONENT ADDITIVE METHOD

Gypsum Wallboard Contribution Contribution Fire Resistance 
Membrane___________ to Rating from Wood Studs_____ Rating_____

9.5 mm regular 10 min 20 min 30 min
12.7 mm regular 15 min 20 min 35 min
12.7 mm Type X 25 min 20 min 45 min
15.9 mm regular 30 min 20 min 50 min
15.9 mm Type X 40 min 20 min 60 mi n
2 * 9 . 5  mm reg 25 min 20 min 45 min
12.7 & 9.5 mm reg 35 min 20 min 55 min
2 * 12.7 mm reg 40 min 20 min 60 min

2.3 THE NEED FOR MODELLING

Equipped with either listings for proprietary assemblies or the 
component additive method for generic assemblies, the designer 
and the municipal inspector are able to assure that wall 
assemblies meet the compartmentation and structural requirements 
of building codes. This is the current practice and, as useful 
as it has proved to toe, it does not lead to a great deal of 
flexibility or cost-effectiveness in design.
Recent advances in 
it possible to enter 
fire resistance in 
be shown to be both 
requires as a start 
(computer) model whi 
assembly exposed to

computer technology and in fire science make 
tain an alternative method for designing for 
structures, and this alternative method can 
flexible and cost-effective. The method 

ing point the development of a mathematical 
ch can predict the performance of a wall 
fire.

Once developed the 
resistance rating of 
encountered in the s 
walls, ceiling/floor

model could be used to calculate 
an assembly by simulating the fire 
tandard test. Wood building systems 
or ceiling/roof assemblies) could be

the fire 
exposure 
(be they
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designed to comply with building code requirements without the 
need for time-consuming and expensive fire testing. Minor 
modifications in the design would require a new computer run but 
not a new fire test.

The advantages of developing these models for the response of 
wood-frame assemblies go beyond demonstrating compliance with 
building code requirements. It would be possible to couple these 
models with compartment fire models to predict the performance of 
an assembly in an actual fire rather than in a standard furnace 
fire. Rather than basing design on building code requirements, 
which often include an unknown level of conservatism, one could 
design an assembly to perform its function in the event of an 
actual fire. This would introduce a great deal of flexibility 
into fire safety design and it would also allow for cost- 
effective design.
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3.0 GYPSUM WALLBOARD

3.1 INTRODUCTION

As a first step in developing a mathematical model for the fire 
resistance of a gypsum wallboard / wood-stud wall assembly, it 
necessary to develop a model to describe the heat transfer across 
the exposed gypsum wallboard membrane. This paper summarizes 
progress made to date in this effort.

Gypsum board has become a very common building material as it is 
inexpensive to purchase and easy to instal. It is often selected 
for fire safety reasons as it known to exhibit low flame spread 
characteristics and to contribute significantly to the fire 
resistance of construction assemblies.

Gypsum board is a sheet product consisting of a noncombustible 
core with paper surfacing. The core may consist of not less than 
65% gypsum and not more than 15% fibre by mass (5). Within these 
limits, the formulation of the core, and hence its physical and 
thermal properties, vary from manufacturer to manufacturer.

Standard (or regular) gypsum wallboard is designed for use 
without plaster and has a surface suitable for decoration. Type 
X gypsum wallboard has a specially formulated core that provides 
a greater fire resistance than regular gypsum wallboard of the 
same thickness. This is usually accomplished by the addition of 
glass fibres to the core. Although not defined in national 
standards, Type C gypsum wallboard has been developed with even 
better fire resistance properties than Type X. To compensate for 
the shrinkage which accompanies the melting of the glass fibres 
at high temperatures, vermiculite is often added to Type C boards 
as it expands upon heating.

3.2 GYPSUM

Gypsum is the common name for calcium sulphate dihydrate, 
CaS04.2H20, a crystalline mineral that contains about 21%
chemically combined water by weight (6 ). In addition, gypsum 
usually contains a small amount of absorbed free water. The 
water of crystallization and free water play major roles in the 
thermal properties of gypsum and in its response to heat.

As gypsum is heated to temperatures in excess of 80oC, it begins 
to undergo a thermal degradation process known as calcination in 
which the chemically combined water dissociates from the crystal 
lattice (7). The chemical equation for this dehydration process 
is :

CaS04.2H20 --> CaS04.1/2 H20 + 3/2 H20 (1)
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The products of this thermal degradation are Plaster of Paris and 
water. Plaster of Paris is the common name for calcium sulphate 
hemihydrate, CaS04.1/2 H20. Depending on the temperature and
partial pressure of water vapour, varying fractions of the alpha 
or the beta form of the hemihydrate are produced. Due to the 
structure of the gypsum crystal lattice, this dehydration process 
proceeds very slowly, particularly at low temperatures. The heat 
of dehydration is (8 )

H = 100 or 112 kJ/kg (i.e. per kg of gypsum) (2)

depending on whether the alpha or beta forms of the hemihydrate 
are produced respectively.

As the temperature is increased to lOOoC, more heat must be 
absorbed to vapourize both the free water and the water released 
due to dehydration. The heat of vapourization of water is (9)

H = 2.26 MJ/kg (i.e. per kg of water) (3a)

or

H = 355 kJ/kg (i.e. per kg of gypsum). (3b)

(In the last step it has been assumed that there was little free 
water in the original sample of gypsum.)

As the temperature is increased above lOOoC, the dehydration 
process described by Equation (1) continues. Now however both 
the heats of dehydration and of vapourization are absorbed in the 
process of producing Plaster of Paris and steam. Under normal 
equilibrium conditions the dehydration process would be completed 
by the time the sample reaches 125oC. However as the process is 
slow and in fire conditions the sample may be being heated 
rapidly, the process may not have been completed yet. That is, 
the temperature of the sample may continue to rise although the 
thermal decomposition ' to the hemihydrate has not been completed.

Through continued heating, the remaining water is released, as 
the hemihydrate undergoes dehydration to form soluble anhydrous 
calcium sulphate, CaS04. Some soluble anhydrous calcium may 
also be produced directly from gypsum with accompanying heats of 
dehydration of 150 kJ/kg (for the alpha form) or 176 kJ/kg (for 
the beta form). These heats of dehydration are per kg of gypsum.

At about 360oC, the soluble anhydrous CaS04 is transformed into 
an insoluble form which is stable at temperatures up to 1227oC.
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3.3 FIRE PERFORMANCE OF GYPSUM WALLBOARD

The core of gypsum wallboard is not pure gypsum, but may contain 
no less than 65% gypsum and no more than 15% fibre by mass. The 
chemically combined water (about 21%) in the gypsum contributes 
significantly to the fire resistance properties of the wallboard. 
When the wallboard is exposed to fire, this water is released as 
steam in a process that requires the absorption of a great deal 
of heat. The transmission of heat is effectively retarded until 
the slow process of calcination is completed. The temperature 
directly behind the plane of calcination in the board is only 
slightly higher than lOOoC (10). (See Figure 2).

As has been mentioned earlier, the temperature at the interface 
between the exposed gypsum wallboard and the wood studs is used 
to determine the finish rating of the assembly. The finish 
rating is the time at which the temperature rise in this plane 
exceeds 139oC. This time is appreciable for gypsum wallboard 
because the temperature of the unexposed face remains at about 
lOOoC until the gypsum is converted to hemihydrate. Experimental 
evidence of this behaviour for various thicknesses of pure gypsum 
slabs is shown in Figure 3 (11).

3.4 THERMOPHYSICAL PROPERTIES

The core of gypsum wallboard contains more than 65% gypsum, less 
than 15% fibre, and proprietary additives which may significantly 
affect its thermophysical properties even at room temperature. 
As the temperature is raised, these properties can be expected to 
change as calcination takes place.

3.4.1 DENSITY

In accordance with CSA standards, the density 
must be equal to or greater than 616 kg/m3. 
of the core is not fixed, one can expect 
density from manufacturer to manufacturer, 
found in the literature and summarized in Table 3 
range in the density of gypsum wallboard products.

of gypsum wallboard 
As the formulation 

variability in the 
A review of values 

shows a wide
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TABLE 3

THE DENSITY OF GYPSUM WALLBOARD 

Source________________ Gypsum Wallboard__________Density (kg/m3)
Hoive (12) 7 600
CSA Standard (5) All >616
Harmathy (13) Type C 678
D'Souza (14) Regular 680
RILEM (15) Type X 770
RILEM (15) Regular 790
Fung (16) 7 960

The density of gypsum wallboard is of course dependent on 
temperature. As dehydration and desorption (vapourization) occur 
the density drops. The density of the board also depends on the 
degree of expansion (at low temperatures) and shrinkage (at high 
temperatures) that take place.

3.4.2 MASS LOSS

Figure 4 shows data developed by Harmathy (13) on the mass loss 
of gypsum wallboard as a function of temperature for a Type C 
board of density 678 kg/m3 at 20oC. Around lOOoC the core of the 
board loses 5% of its mass as moisture is driven off in the form 
of steam. This value is much lower than expected even 
acknowledging the fact’ that the core is not pure gypsum.

The 5% mass loss at temperatures exceeding 600oC is very 
surprising and Harmathy offers no explanation for it.

Unfortunately, these results, 
only such data available in the

as suspect as they are, 
literature.

are the
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3.4.3 EXPANSION AND SHRINKAGE
Figure 5 shows data developed by Harmathy (13) depicting the 
temperature dependence of the expansion and shrinkage of the same 
Type C board. Similar results are published in a RILEM report on 
gypsum products (15). As expansion and shrinkage is minimal 
below temperatures of 88O0C, its effects on the gypsum's density 
are ignored for the heat transfer process.

However, the shrinkage at high temperatures 
information as it is responsible for the opening 
full-scale samples and may be a factor in 
effectiveness of fasteners at high temperatures.

3.4.4 THERMAL CONDUCTIVITY

Typical values for the thermal conductivity of gypsum wallboard 
at room temperature, as reported in the literature, are given in 
Table 4. As would be expected, the thermal conductivity shows a 
dependence on the density and formulation of the board.

TABLE 4

THERMAL CONDUCTIVITY OF GYPSUM WALLBOARD 
AT ROOM TEMPERATURE

Source Board
Dens i ty 
(kq/m3)

Thermal 
Conductivity 

(W/m*K)
Hoive (12) 7 600 0.0458
Harmathy (13) Type C 678 0.25
RILEM (15) Type X 770 0.16
IFSD (17) Type X 770 0.47
RILEM (15) Regular 790 0.18
IFSD (17) Regular 790 0.27
Malhotra (11) 7 800 0.35
Fung (16) 7 960 0.22

is important 
up of joints in 
assessing the
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The temperature dependence of the thermal conductivity of gypsum 
wallboard shows significant product variability. Figure 6, from 
Harmathy's (13) work on a Type C board, indicates that the 
thermal conductivity drops above lOOoC and remains low for higher 
temperatures. On the other hand, data reported by RILEM (15) 
and IFSD (17) summarized in Figures 7 and 8, show the thermal 
conductivity drops above lOOoC but then rises again at higher 
temperatures.

3.4.5 SPECIFIC HEAT

Typical values for the specific heat of gypsum wallboard at room 
temperature, as reported in the literature, are given in Table 5. 
As with the thermal conductivity, the specific heat at room 
temperature shows a dependence on the density and formulation of 
the board.

TABLE 5

SPECIFIC HEAT OF GYPSUM WALLBOARD 
AT ROOM TEMPERATURE

Source Board
Density 
(kq/m3)

Specific
Heat

(J/kq*oC)
Hoive (12) 7 600 1512
Harmathy (13) Type C 678 880
RILEM (15) Type X 770 900
RILEM (15) Regular 790 900
Fung (16) p • 960 1087

Generally the temperature dependence of the specific heat of a 
material is measured using differential scanning calorimetry 
(DSC). As a consequence, it is actually the apparent specific 
heat (at constant pressure) which is measured. The apparent 
specific heat is the amount of heat (J) necessary to raise the 
temperature of a 1 kg mass of a material by 1 K. If the material 
undergoes some physico-chemical change at an elevated 
temperature, the heat necessary for raising the temperature will 
contain a sensible heat contribution and a latent (reaction) heat 
contribution.
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The apparent specific heat of a Type X gypsum wallboard as a 
function of temperature as measured by Harmathy (13) is presented 
in Figure 9. The peak in the apparent specific heat around lOOoC 
reflects the large quantity of heat absorbed in the calcination 
of gypsum and the subsequent evaporation of water. The dip at 
360oC is associated with the transformation of soluble anhydrous 
CaS04 into an insoluble form.

The area under the peak at lOOoC is smaller than that needed to 
expel the water of crysa11ization from gypsum, even acknowledging 
the fact that the core is not pure gypsum. The results are, 
however, in line with the lower than expected mass loss reported 
earlier. Unfortunately, these results, as suspect as they are, 
are the only such data available in the literature.

It is instructive to look at the enthalpy associated with a rise 
in temperature of gypsum above room (reference) temperature. The 
enthalpy is defined as

H ( T ) (err) dT'•O
( J/kg) (4)

and is simply the heat reguired to raise the temperature of 1 kg 
of gypsum wallboard from room temperature to temperature T. In 
this expression, C is the apparent specific heat and To room 
temperature. Also useful is the volumetric enthaply defined as

HV ( T ) = J ^(T') C(T') dT' , (J/m3) . (5)
To

The volumetric enthalpy is the heat required to raise the 
temperature of 1 m3 of gypsum wallboard from room temperature to 
temperature T. In this expression, is the density.

Data from the Institute of Fire Safety Design in Sweden (17) for 
the volumetric enthalpy of a Type X gypsum wallboard are 
reproduced as Figure 10. Harmathy's data (13) for the apparent 
specific heat of a Type C board were integrated using Equation 5 
and the results plotted on Figure 10. The Swedish data indicate 
that much more heat is reguired to increase the temperature of 
gypsum wallboard than Harmathy's data suggest.

Although it is most common to develop transient heat transfer 
models using apparent specific heat (or specific heat and heats 
of reaction), it is possible to do so using an enthalpy 
formulation.
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3.4.6 THERMAL PROPERTIES TESTS
The selection of reliable data for the thermophysical properties 
of gypsum wallboard is hampered by the significant variabilities 
of these quantities, as reported in the literature. This lack of 
reliable data leads to some difficulties in the development of a 
heat transfer model and will subsequently be the cause of 
considerable concern in any model validation exercise. It will 
be demonstrated shortly that selecting significantly different 
values for the thermophysical properties from the literature 
yields markedly different predictions of fire performance.

To overcome the problem, Forintek intends to measure the thermo
physical properties of a proprietary Type X gypsum wallboard. 
The resultant data will be used as input for computer modelling 
and the selected board will be used in all experiments in the 
model validation process.

Once the model has been developed and validated for a single 
gypsum wallboard product, it will be possible to conduct a 
sensitivity analysis to quantify how sensitive model predictions 
are to variabilities in the thermophysical properties. It may 
then be possible to convince the gypsum industry of the necessity 
of generating data to characterize these variabilities.
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4.0 MATHEMATICAL MODELLING

4.1 INTRODUCTION

Several mathematical or computer models have been developed to 
predict heat transfer through a gypsum wallboard / wood-stud wall 
assembly exposed to fire. An attempt is made here to briefly 
review the state-of-the-art in this field of fire modelling and 
to point out what improvements are needed.

Heat transfer through each member of the wall assembly is 
governed by the following two dimensional partial differential 
equation (18):

„ v r  _ i_ f / i j  7 jL.fi, èl 1 (6

where

x,y ~ spatial coordinates (m) 

t -time (s )

T - temperature (oC)

P - density (kg/m3)

CP - (true) specific heat (J/kg*oC) 

k - thermal conductivity (W/m*oC), and 

Q - internal heat generation rate (W/m3).

An integral part of the above equation is its initial conditions 
and boundary conditions. The initial conditions describe the 
wall before exposure to the fire: Boundary conditions must be 
defined for each surface of a member and, depending on the 
member, may describe such phenomena as the heat transfer from the 
fire to the exposed membrane, from the exposed membrane to the 
studs and the cavity, from the studs and cavity to the unexposed 
membrane, and from the unexposed membrane to the ambient.

The solution to Equation (6 ) is the internal temperature history 
for a member. Several such equations must be solved 
simultaneously to predict the temperature of each member in the 
wall assembly. Due to the complexities of the geometry of the 
wall assembly, of the boundary conditions, and of the
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temperature dependent thermophysical properties of the members, 
it is necessary to employ numerical methods to generate a 
solution.

The two most common numerical methods employed to solve complex 
heat transfer problems are the finite difference method and the 
finite element method. In both methods space and time are 
discretized; so that the members are treated as being comprised 
of a number of smaller units and the effects of the heat flow 
between the units on the temperature distribution is computed in 
discrete time steps.

The finite difference method has been in use for quite some time 
and is generally quite simple to formulate for a given problem. 
The temperature is strictly defined only at specific nodal points 
(or perhaps planes). The continuous differential equation (6 ) is 
converted into a set of linear algebraic equations describing the 
exchange of heat among the nodes over a short period of time. 
These equations are solved simultaneously to calculate the change 
in temperature at each nodal point or plane during this time 
period. A step in time is made and the process repeated until 
the complete temperature history has been computed.

The finite element method is a much more recent tool. In the 
method the temperature distribution within each element is 
idealized. The continuous differential equation (6 ) is now 
converted into a matrix of linear equations describing the heat 
transfer between the elements over a short period of time. These 
equations are solved simultaneously to calculate the change in 
temperature distribution within each element during this period 
of time. A step in time is made and the process repeated.
Both methods have me 
difference method is 
completely reformula 
finite element method 
single formulation ca

t with a great deal of success. The finite 
generally easier to implement, but must be 
ted for each new geometry modelled. The 
is often a little more accurate and a 

n' treat numerous geometric shapes.

A brief review of several models employing either the finite 
difference or the finite element method to treat heat transfer 
through a wall assembly incorporating gypsum wallboard follows.
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4.2 FUNG. 1977

In 1977, F.C.W. Fung of the Center for Fire Research of the 
National Bureau of Standards (now the National Institute for 
Standards and Technology) published a computer program to predict 
heat transfer in construction walls containing gypsum wallboard 
(16). Fung's model was developed to predict the fire endurance 
of assemblies which fail due to heat transmission only. In 
principle, however the model could also be used to provide the 
temperature data required as input into structural models for 
fire endurance.

In Fung's program, walls are envisioned as consisting of layers 
of gypsum wallboard or plywood with intermediate air layers. In 
the solid layers, heat is transferred by conduction, and in the 
air spaces by radiation and convection. The one dimensional 
transient heat transfer equations are solved employing the finite 
difference method.

Within each solid layer, the program has provisions for phase 
changes, heat generation and absorption, and thermal property 
variation with temperature. For gypsum wallboard, the thermal 
properties presented in Table 6 are built into the program.

TABLE 6

THERMOPHYSICAL PROPERTIES OF GYPSUM WALLBOARD 
EMPLOYED IN FUNG'S MODEL

Property Value
Density (all temps) 960 kg/m3
Thermal Conductivity (20-90oC)

' (90-205oC)
(205<T<1090oC)

0.22 W/(m*oC)
0.13 W/(m*oC)

(0.09 + 0.0002*T) W/(m*oC)
Specific Heat

Heat of Moisture Desorption
& Calcination

1087 J/(kg*oC)

772 MJ/m3 
or

804 kJ/kg

The density and specific heat employed by Fung 
higher than most values reported in the literature 
conductivity is quite reasonable and shows 
dependence similar to that reported by RILEM.

are a little 
. The thermal 
a temperature
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The heat of moisture desorption and calcination is, however, much 
too large. This quantity is about 515 kJ/kg for pure gypsum and 
the presence of additives would be expected to lower it. In 
addition, the rate at which this heat is absorbed in the model is 
not based on experimental data but treated as adjustable. The 
adjustable nature of this parameter may explain why the model's 
predictions for temperature in a gypsum wallboard assembly are in 
reasonable agreement with the results of fire resistance tests 
(see Figure 11 ) .

To employ this type of modelling to predict the temperature 
distribution in gypsum wallboard / wood stud wall assemblies the 
description of the dehydration of gypsum must be improved. In 
addition, the model must be generalized to two dimensions due to 
the presence of studs.

4.3 GAMMON. 1987

In 1987, B. Gammon a doctoral candidate at the Forest Products 
Laboratory of the University of California at Berkeley published 
his doctoral thesis outlining a reliability analysis of wood- 
frame wall assemblies in fire (18). As part of this analysis, he 
developed a computer model to simulate the thermal and structural 
response of a load-bearing wood-frame wall assembly subjected to 
an ASTM E119 fire test.

Gammon modelled the two dimensional heat transfer through an 
assembly using a modified form of FIRES-T3 (19). FIRES-T3 is an 
acronym for a computer program for the Fire REsponse of 
Structures - Thermal - Three - Dimensional Version developed in 
1977 by Iding and coworkers at Berkeley. It is a finite element 
model which has been demonstrated to predict well the temperature 
distribution history of structures (typically of concrete 
construction) exposed to fire. FIRES-T3 can treat the 
temperature dependence of the thermal properties of materials and 
can handle heat ge-nerated or absorbed in exothermic or 
endothermic reactions which may occur as a material is heated.

The significant modifications made by Gammon were the addition of 
subroutines to perform a radiative heat balance within the stud 
cavity and to allow elements to ablate as the fire progresses. 
In Gammon's fire endurance model, this modified heat transfer 
model provided the temperature distributions required in a 
structural model.

In his simulations of gypsum wallboard / wood stud wall 
assemblies, Gammon used thermophysical data generated by Harmathy 
as input. Consequently, the density of gypsum wallboard is 
assumed to be 700oC and mass loss as a function of temperature to
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follow the curve in Figure 4. The thermal conductivity follows 
the curve given in Figure 6 and the apparent specific heat 
follows the curve given in Figure 8. Recall that the apparent 
specific heat data accounts for both the sensible heat and the 
heat required to drive moisture from the gypsum. Gammon assumed 
that regular gypsum wallboard ablates at 500oC and Type X at 
650oC.

Simulations of load-bearing, uninsulated 2" x 4" wood-stud walls 
spaced 400 mm (16") on centre and with various gypsum wallboard 
facings, were in reasonable agreement with published fire 
endurance ratings. However, changes in the thickness of the wall 
facings did not always lead to changes in the fire endurance time 
that were of the same magnitude as reported in the literature. 
Gammon points out the need for improved thermophysical data.

It was pointed out earlier that in fact Harmathy's data does not 
appear to account for sufficient heat to drive moisture from 
gypsum. This alone may have caused some of the discrepancies 
between Gammon's predictions and experimental results.

There is no doubt that the FIRES-T3 model, and the modifications 
suggested by Gammon, can do an admirable job in predicting the 
thermal response of an assembly provided the thermophysical 
properties are well known. It is not clear at this point however 
whether it is necessary to employ the rigour inherent in the 
finite element method as opposed to the simpler finite 
difference method to treat heat transfer in wood stud wall 
assembli es.

4 . 4 GYPSUM ASSOCIATION

In 1987, the Gypsum Association appointed R.J. Shearman as its 
Research Associate in the Center for Fire Research of the 
National Institute for Standards and Technology. The primary 
focus of his work was ’directed towards the selection, obtainment 
and implementation of a computer model to predict the response of 
gypsum assemblies to fire. Unfortunately, Shearman left the 
employment of the Gypsum Association before the program 
objectives were achieved. Nonetheless, it is useful to review 
the directions he had intended to follow.

His first task was to model the heat transfer through a gypsum 
wallboard / steel stud wall assembly subjected to the standard 
fire resistance test ASTM E119. The heat transfer through the 
gypsum and steel was modelled using FIRES-T3. Heat transfer 
through the air cavity was to be modelled using a program 
developed in Sweden by U. Wicktrom.
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Shearman pointed out the difficulty in obtaining accurate data 
for the themophysical properties of gypsum wallboard. In 
preliminary runs he used data for density, thermal conductivity 
and specific heat developed in Europe by RILEM. It is not 
meaningful to compare the results of these simulations with 
experimental data as he had not yet included the heat and mass 
loss accompanying calcination and moisture desorption. This 
work is mentioned to point out the fact that even the Gypsum 
Association could not supply its Research Associate with the 
required data.

4.5 INSTITUTE FOR FIRE SAFETY DESIGN

It has been reported to the author that the Institute for Fire 
Safety Design (IFSD) in Lund, Sweden has developed a computer 
program to predict the fire resistance of gypsum wallboard / wood 
frame assemblies. The program is however proprietary; IFSD will 
not release it but will conduct analyses for a fee.

4.6 CURRENT STATUS

This quick review of the mathematical modelling of the fire 
response of gypsum wallboard / wood stud wall assemblies is not 
intended to be exhaustive. It was intended however to point out 
that both finite difference and finite element models have been 
developed. Neither can be properly assessed due to the paucity 
of good thermophysical data for gypsum wallboard.
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5.0 FORINTEK'S FIRE ENDURANCE PROGRAM

5.1 HEAT TRANSFER MODEL FOR GYPSUM WALLBOARD

A preliminary heat transfer model has been developed at Forintek 
to simulate heat transfer through a gypsum wallboard membrane 
exposed to fire. The model is simple in structure but does 
demonstrate the impact that uncertainties in the thermophysical 
properties of gypsum wallboard have on model predictions.

It is instructive to first ignore the complexities introduced by 
the studs and cavities in a wall assembly and model heat transfer 
through gypsum wallboard by means of the one dimensionsal version 
of Equat i on (6):

Equation (7) describes the temporal and spatial variation of the 
temperature within the_wa1lboard. CP is the true specific heat 
of the wallboard, and Q expresses . the rate of internal heat 
generation or absorption associated with processes such as 
expelling the water of crystallization.

Notice that for gypsum wallboard around lOOoC, there will be a 
sharp peak (negative) in Q accompanied by a very slow rise in 
temperature. To characterize this process well, one must develop 
a good model for Q and this is not easily done.

It is possible to finesse the problem by introducing the enthalpy 
as defined in Equation (4). An enthalpy formulation of heat 
transfer treats internal heat generation or absorption rather 
straightforwardly, provided one has established a relationship 
between enthalpy and temperature. Recall that for gypsum 
wallboard, the enthalp’y and temperature are related as shown in 
Figure 10. Equation (7) can be rewritten in the enthalpy 
formulation as follows:

Equation (8) is to be solved subject to initial conditions and 
boundary conditions. The membrane is assumed to be initially at 
room temperature so that the initial conditions can be written as

i 0 (7)

( 8 )

H ( T , i : o )r O  

T (< - o)  - (10)

(9)
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The boundary conditions are developed assuming the both the 
exposed and the unexposed surface are subject to radiative and 
convective heat transfer.

It is necessary to employ numerical methods to generate a 
solution to Equation (8) subject to the initial conditions 
descibed by Equations (9) and (10) and to the boundary conditions 
described above. To facilitate this process, the wallboard is 
treated as being comprised of a number of layers and the heat 
flow between layers is computed in discrete time steps. As a 
first stab at the problem, the finite difference method has been 
selected over the finite element method.

Trial runs have been undertaken employing the data generated by 
Harmathy (13) and by IFSD (17). The output of the calculations 
is compared with data generated by R. White on 15.9 mm (5/8 in) 
gypsum wallboard. The points labelled + on the graph are those 
generated using Gammon's model (18). Clearly there is room for 
much improvement.

5.2 FUTURE DIRECTIONS

As it is difficult to find reliable data for the thermophysical 
properties of gypsum wallboard, Forintek intends to measure these 
properties for a proprietary Type X board. The data will be 
employed as input for a refined version of the model mentioned 
above. Validation tests will be run to determine whether 
further refinements in the model are needed.

The heat transfer model for gypsum wallboard will be coupled to 
models for heat transfer through wood studs and across the air 
cavity to produce a heat transfer model for a wall assembly. 
Fire endurance tests will be conducted to validate the model.

Refinements will be introduced to treat insulated or uninsulated 
wall assemblies protected by gypsum wallboard and backed with 
either gypsum wallboard, fir plywood, or waferboard sheathing.

The heat transfer model will be coupled with structural models 
under development at the National Forest Products Association and 
the U.S. Forest Products Laboratory to produce a fire endurance 
model for wood-stud wall assemblies. Generally these structural 
models are finite element models. As strength properties are 
measured on large specimens, these finite element models use a 
much larger mesh size than needed for the heat transfer model. 
Consequently there is no difficulty modelling heat transfer with 
a finite difference model and using the predictions for 
temperature as input for a finite element structural model.

Finally attention will be directed towards developing fire 
endurance models for cei1ing/floor and ceiling/roof assemblies.
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6.0 SUMMARY

In this presentation, Forintek's project to model heat transfer 
through wood-frame assemblies has been outlined. To date 
progress has been modest as the project is just getting off the 
ground. The biggest hurdle to be overcome is the paucity of good 
data on the thermophysical properties of gypsum wallboard. 
Nonetheless, it is anticipated that a model for heat transfer 
through a wood-stud wall assembly protected by gypsum wallboard 
will have been developed by this time next year. Model 
validation studies and coupling of the heat transfer model with a 
structural model to form a fire endurance model will be 
accomplished in the subsequent year.

The long range goal of Forintek's research program is to develop 
a sound understanding of the performance of wooden structures 
under fire conditions and to demonstrate how structural fire 
safety design incorporating wood products can be accomplished. 
Armed with this information it will be possible to assure that 
safe building practices employing wood, and currently permitted 
by building codes and insurance companies, are protected from 
erosion by competing products. It may also be possible to 
propose the extension of the use of wood products into new 
markets where they can be demonstrated to perform adaquately.
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Figure 1. The Time-Temperature Curve.
(ASTM E119 & CAN4-S101)
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HOW GYPSUM RETARDS HEAT TRANSMISSION

AFTER TWO HOUR EXPOSURE TO HEAT 
FOLLOWING ASTM E 119 TIME- 
TEMPERATURE CURVE

Vertical line represents plane of calcination at depth of about 
2" .  Temperature never greatly exceeds 212 F. behind plane 
of calcination.
Temperature of exposed surface = 1900 F. (1040C)
Temperature 1" from exposed face =  950 F. (510C)
Temperature 2" from exposed face =  220 F. (105C)
Temperature 4" from exposed face = 180 F. (82C)
Temperature 6" from exposed face (at back surface) =
130 F. (54C)

Figure 2.
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Figure 3. Unexposed Surface Temperature
of Gypsum Slabs
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Figure 4. Mass Loss of Gypsum Wallboard 
as a Function of Temperature

11-29



r
/

m

0.02 T-------- 1-------- 1-------- 1-------- 1-------- 1-------- 1 r

0.01

0
m

- 0.01

- 0.02

-0.03

-0.04

-0.05 __L_
200

I 1______ I---------- L
400 600

TEMPERATURE °C

800

Figure 5. Expansion and Contraction of Gypsum
Wallboard as a Function of Temperature

J______
1000

11-30



TH
ER

MA
L 

CO
ND

UC
TI

VI
TY

TEMPERATURE 0 C

Figure 6. Temperature Dependence of Thermal 
Conductivity of Gypsum Wallboard
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Figure 7. Temperature Dependence of the Thermal 
Conductivity of a Type X Board (RILEM)
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Figure 8. Temperature Dependence of the Thermal 
Conductivity of a Type X Board (IFSD)
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Figure 9. Thermal Response of Gypsum/Wood Wall
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Figure 10. Temperature of Back Side of Exposed 
Gypsum Wallboard (15.9 mm; 5/8 ")
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STATEMENT OF WORK 

to be performed under the Agreement 

between the

National Research Council of Canada (NRCC) 

and

Forintek Canada Corporation

OBJECTIVE

To develop a model to predict fire endurance of wood-stud wall assemblies 

protected by gypsum wallboard.

GENERAL DESCRIPTION OF THE JOINT RESEARCH 

This contract is comprised of two phases:

1) Theoretical phase.

2) Experimental phase.

Theoretical Phase:

In 1988/89, Forintek began to develop a model to predict heat transfer across 

unloaded wood-stud wall assemblies protected by gypsum wallboard. This model will be 

completed and a structural model will be developed and integrated with the heat transfer 

model to yield a model capable of predicting the fire endurance of loaded wood stud wall 

assemblies.
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The final product of this phase is a computer program that can run on a mainframe 

or PC by researchers, designers, and building officials. To verify its accuracy, the 

theoretical model requires small-scale and large-scale testing.

Experimental Phase:

The experimental phase consists of 3 tasks:

1) 4 small-scale tests.

2) 2 large-scale tests.

3) 20 tests for determining the gypsum wallboard thermophysical properties. 

Task 1

Small-Scale tests (4)

IffiSI Number Assembly

1 4 layers of 12.7 mm thick Type X gypsum wallboard 

without stud.

2 12.7 mm thick Type X gypsum wallboard on each side of 

studs (40.64 cm O.C.)

3 15.9 mm thick Type X gypsum wallboard on each side of 

studs (40.64 cm O.C.)

4 Two layers of 15.9 mm Type X gypsum wallboard on each 

side of studs (40.64 cm O.C.)
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Task 2

Large-scale tests (2)

Test Number Assembly

1 12.7 mm thick Type X gypsum wallboard on each side of 

studs (40.64 cm O.C.) loaded.

2 15.9 mm thick Type X gypsum wallboard on each side of 

studs (40.64 cm O.C.) loaded.

The tests will be conducted in accordance with the CAN4-S101 Standard test 

method. In addition to the standard test measurements, a temperature profile through the 

specimen, as measured at each interface (gypsum or gypsum to stud), will be developed at 

5 locations for the small-scale tests and at 9 locations for the large-scale tests.

Task 3

To determine the thermophysical properties for gypsum wallboard (0-1000 °C), 5 

tests for each property will be conducted at 200 °C intervals. The required thermophysical 

properties are as follows:

1) Mass.

2) Expansion or contraction.

3) Specific heat

4) Thermal conductivity.
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TERMS AND CONDITIONS

It is a condition of this joint research agreement that Forintek Canada 

Corporation will:

1. complete the development of the heat transfer model,

2. develop a structural model for the assemblies,

3. develop computer programs for the above mentioned models that can be run on a 

mainframe system or PC,

4. provide the developed computer programs to NRC,

5. provide assistance and supervision in the construction of all test assemblies,and

6. have the right to freely use the experimental data generated in this joint research;

and that the National Research Council of Canada will:

1. provide materials for test assemblies,

2. have the test assemblies constructed,

3. cany out four (4) small-scale tests, two (2) long-scale tests after the completion of the 

theoretical phase, and twenty (20) tests for determining the thermophysical properties 

of gypsum wallboard,

4. make the experimental data available to Forintek Canada Corporation, and

5. have the right to freely use and modify the computer programs developed.
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FIRE MODELLING AND FIRE SAFETY DESIGN

J.R. Mehaffey 
Forintek Canada Corp.

1.0 INTRODUCTION

Advances in fire science and computer technology are leading to 
new approaches for delivering fire safety in buildings. Until 
recently a building designer assured his designs were fire-safe 
by demonstrating they complied with prevailing building code 
requirements. However it is now evident that designers will 
eventually be in a position to routinely employ computer fire 
models to optimize building systems and to provide appropriate 
fire safety at greatly reduced cost. Such methodology is already 
being employed in an elementary fashion.

Computer fire modelling is a blossoming field. Models have been 
developed to predict the course of a growing fire, the severity 
of a fully developed fire, the structural response of building 
elements subjected to fire, the movement of fire and smoke 
through a building, the actuation of sprinkler or fire alarm 
systems, the evacuation of occupants, and so on. Many of these 
models are undergoing validation to determine their accuracy.

One can envision several ways computer models can be employed in 
the process of delivering fire safety. For example, models may 
be employed by building code committees during deliberations to 
establish building code requirements which will reflect minimum 
levels of safety acceptable to society.

A second example of how computer fire models may be used in 
design is in demonstrating equivalency. From time to time, 
during the design of a new building or the renovation of an 
existing one, it is found that building code requirements are 
inconsistent with the' spirit of the design. In such situations 
the designer may wish to propose alternative designs. Computer 
fire models can be employed to demonstrate whether or not the 
proposed designs provide a level of protection equivalent to 
that intended by the building code.

Finally computer fire models could be used to replace current 
prescriptive building code requirements. Design procedures could 
be based on properties of real fires and well-defined performance 
criteria. For example, if the performance criteria demanded 
that occupants have sufficient time to escape in the event of a 
fire, computer fire models could be used to assure a design 
satisfies these criteria without direct reference to prescriptive 
building code requirements.
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This paper will illustrate the use of fire models in building 
code deliberations and present an example of the use of model 
predictions to support a proposed change to the National Building 
Code of Canada (NBC). It will also be shown how the results can 
be used to support a case for equivalency. Finally the role 
improved models could play in performance based design is briefly 
discussed.

2.0 THE USE OF MODELS IN BUILDING CODE DELIBERATIONS

In 1987, the CWC hired PLC Ltd. to assist in developing 
arguments to support a proposal for change to the NBC.

Although most small buildings can be built safely of combustible 
construction in Canada, in an attempt to limit fire loads in 
larger buildings, the NBC requires that buildings exceeding 
specified areas and heights be of noncombustible construction. 
Although this might suggest that building elements must be 
noncombustible, for practical reasons, some combustibles are 
permitted. In addition, to inhibit the spread of fire within 
such buildings, the code requires that compartments be isolated 
from one another by fire separations with prescribed fire 
resistance ratings. These requirements are intended to provide 
sufficient time for occupants to escape and for fire fighters to 
respond in the event of fire.

In these larger buildings required to be of noncombustible 
construction, the 1985 version of the NBC permitted the use of 
wood framing in partitions within fire compartments not exceeding 
600 m2 or in sprinklered floor areas provided the partitions are 
not required fire separations and are not located in Group B 
(Institutional) occupancies. As only metal studs could be used 
in fire separations and builders tend not to bring two types of 
studs to the building site, this code provision effectively 
stopped the use of wood studs throughout the building even though 
the code permitted their use.

To permit for increased flexibility and cost-effectiveness in 
design, the CWC proposed a code change to also permit the use of 
wood framing in fire separations (thereby eliminating the 600 m2 
restriction) for occupancies other than Group B.

Before submitting its proposal, the CWC analyzed the impact the 
proposed relaxations would have on life safety. They compared 
wood studs and metal studs on the basis of five performance 
characteristics :

1. resistance to intercompartmental fire spread,
2. fire spread in concealed spaces,
3. contribution to smoke production,
4. property damage, and
5. contribution to fire severity due to fire loading.
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It is in the analysis of this fifth characteristic, the 
incremental contribution of wood studs to fire loading and hence 
fire severity that fire modelling was employed.

3.0 THE CONTRIBUTION OF WOOD-STUDS TO FIRE SEVERITY

A fire model was employed to compute fire severity in an 
apartment and in an office suite in large buildings required to 
be of noncombustible construction. The impact on fire severity 
due to increased fire loads resulting from the use of wood studs 
in partitions and fire separations was determined.

4.0 COMPARTMENT FIRE MODEL

The severity of the thermal assault on compartment boundaries 
during a fully-developed fire was determined employing a fire 
model developed at the NRCC. According to the model, fire 
severity depends on:

1. compartment floor area,
2. total surface area of compartment boundaries,
3. height of compartment,
4. thermal inertia of boundaries,
5. ventilation factor, and
6. specific fire load.

The first four quantities can be determined from building plans. 
In the calculations presented here, the ventilation factor was 
assigned its most adverse value which arises when the ventilation 
of the burning compartment is minimum. Because specific fire 
loads vary from building to building, statistical data on its 
mean and standard deviation for apartments and offices were used 
to characterize this variable.

In the model, the severity of the fire is given by the 
"normalized heat load", which is related to the heat absorbed by 
the boundaries during the fire. However for the purposes of this 
paper, fire severity will be expressed in terms of the duration 
of a standard fire resistance test of equivalent severity.

5.0 APARTMENT FIRES

Calculations were conducted to assess the severity of a fire in a 
typical apartment isolated from the rest of the building by fire 
separations of metal-stud construction. According to the 1985 
NBC, this fire separation must have a fire resistance rating of 1 
hour. The calculations were repeated employing both wood-stud 
interior partitions and wood-stud fire separations to determine 
how the resultant increase in fire load affects fire severity.
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A typical apartment (see Figure 1) was chosen at random from 
actual building plans. The floor area was 106 m2 and the height 
2 . 4 4  m.

In the calculations, windows and glass doors along the exterior 
wall were assumed to break at flashover and to be the only source 
of air for the fire. The total dimensions of the windows were 
5.8 m wide by 0.92 m high, and for the glass doors 1.53 m wide by 
2.14 m high.

The ceiling and boundary walls were assumed to be lined with 220 
m2 of gypsum wallboard. (Heat losses to interior partitions were 
ignored yielding conservative predictions for fire severity.) 
The floor was normal weight concrete.

5.1 A TYPICAL APARTMENT

5.2 THE FIRE LOAD

Using published data generated by surveys , the contribution to 
the specific fire load from the apartment contents was found not 
to exceed

16.0 kg/m2 for 50% of apartments 
20.5 kg/m2 for 80% of apartments
24.9 kg/m2 or 5.2 lb/ft2 for 95% of apartments

The contribution from wood-stud interior partitions, if present, 
would be 2.5 kg/m2 and from wood-stud fire separations (i.e. 
bounding walls), if present, would be 3.7 kg/m2.

5.3 MODEL PREDICTIONS

Table 1 summarizes the results of calculations 
determine fire severity in the apartment under 
conditions. Fire severity is expressed in terms 
fire exposure in a standard test.

undertaken to 
nine different 
of equivalent

In Simulation 1 the 50th percentile 
both interior partitions and the fire 
be gypsum wallboard on metal studs, 
severity to be equivalent to a 29 
resistance test.

in fire load was used and 
separations were assumed to 
The model predicts the fire 
min exposure in the fire

The unrated interior partitions would likely be lined with 12.7 
mm (1/2 in) regular gypsum wallboard which can be expected to 
remain in place for about 15 minutes [6] in a fire resistance 
test. Clearly the fire was sufficiently severe that this gypsum 
wallboard membrane would fall off exposing the studs to fire.
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To achieve a 1 hour 
X gypsum wallboard 
protect the studs 
expected to remain

rating one would 
was used in the f 

for the entir 
in place for a 40

expect 15.9 mm (5/8 in) Type 
ire separations. It should 
e fire as it generally can be 
min equivalent exposure.

In Simulation 2 the interior partitions are assumed to be 
constructed with wood studs as currently permitted by the NBC. 
As we have just seen, these studs will be exposed and burn in the 
course of the fire. The model predicts the severity of the 
resultant fire to be equivalent to a 32 min exposure in the fire 
resistance test. Clearly the 15.9 mm (5/8 in) Type X gypsum 
wallboard in the fire separations will stay in place in the event 
of fire whether wood or metal studs are used in the interior 
partition.

Simulation 3 then is unphysical as it assumes that wood studs 
employed in the fire separations would be exposed and burn during 
a fire.

Consider the model predictions reported in Table 1 when the 80th 
percentile in the fire load distribution for contents is 
employed; that is, Simulations 4, 5 and 6. Once again it can be 
seen that the 12.7 mm (1/2 in) regular gypsum wallboard on the 
interior partitions will fall off, but, whether the interior 
studs are of metal or wood, the 15.9 mm (5/8 in) Type X gypsum 
wallboard membrane in the fire separations ought to stay in 
place .

Finally, Simulations 7, 8 and 9 represent fires in which the 95th 
percentile in the fire load distribution is employed. In these 
fires, the 15.9 mm (5/8 in) Type X gypsum wallboard in the fire 
separation can be expected to fall off late in the fire. 
However, whether the studs in the interior partitions and fire 
separations are metal or wood, the model predicts the 1 hour fire 
separation will not be breached.

6.0 OFFICE FIRES

Calculations were also conducted t 
in a typical office suite isolated 
by fire separations of metal-stud 
1985 NBC, a 1 hour fire separation 
and a public corridor. Also whe 
partitons, no fire compartment can 
requirement, the dividing part 
adjacent suites was assumed to 
calculations were repeated empl 
and wood-stud fire separations to 
fire load impacts upon fire severi

o assess the severity of a fire 
from the rest of the building 
construction. According to the 
is required between the suite 

re wood-stud framing is used in 
exceed 600 m2. To meet this 
ition between the suite and 
be a fire separation. The 

oying both wood-stud partitions 
determine how the increase in 
ty.
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6.1 A TYPICAL OFFICE SUITE

A typical office suite (see Figure 2) was chosen at random from 
actual building plans. The floor area was 190 m2 and the height 
of the ceiling above the floor was 3.05 m.

During the fire it was assumed that the suite was ventilated by 
windows along the exterior wall with overall dimensions 12 m 
wide and 1.68 m high.

The floor, ceiling and solid exterior wall were assumed to be 
constructed of normal weight concrete with a combined surface 
area of 435 m2. The fire separation and the exterior wall 
containing the window were lined with 109 m2 of gypsum wallboard.

6.2 THE FIRE LOAD

Using published data generated by surveys and accounting for the 
fact that some of the combustibles stored in steel filing 
cabinets would not be totally consumed, the contribution to the 
specific fire load from office contents was found not to exceed

30.3 kg/m2 for 50% of offices
45.7 kg/m2 for 80% of offices
60.3 kg/m2 (12.5 lb/sq.ft.) for 95% of offices.

In this suite the contribution to the specific fire load from 
wood-stud interior partitions if present would be 4.2 kg/m2 
(0.861b/sq ft) and from wood-stud fire separations if present 
would be 2.1 kg/m2 (0.42 lb/sq ft).

6.3 MODEL PREDICTIONS

Table 2 summarizes the results of calculations for this office 
suite. Note that the • office fires are more severe than the 
apartment fires as a consequence of the greater fire loads.

When the 50th percentile in fire load distribution for contents 
is employed, that is in Simulations 10, 11 and 12, the 15.9 mm 
(5/8 in) Type X gypsum wallboard on the 1 hour fire separations 
stays in place throughout the fire whether wood or metal studs 
are employed in interior partitions and fire separations.

However, when the 80th or 95th percentile are employed, this 
membrane will fall off exposing the studs in the fire separation. 
In fact, when the 95th percentile is employed, the model predicts 
that a fire will challenge a 1 hour fire separation whether wood 
or metal studs are employed in the fire separation. The 
difference between the currently permitted practice (Simulation 
17) and the proposed design (Simulation 18) is insignificant.
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7.0 PESSIMIZED FIRE SCENARIOS

The calculations presented in Sections 6 and 7 were for a typical 
apartment and a typical office suite. It is possible to locate 
apartments or offices which could experience more severe fires 
and breach fire separations. This section demonstrates that 
under such conditions fires involving wood-stud fire separations 
are only marginally more severe than those involving metal studs.

7.1 APARTMENT FIRES

Decreasing the size of windows causes postfashover (ventilation- 
controlled) fires to burn longer but cooler. The net effect 
is a more severe assault on the compartment boundaries. This 
relationship holds provided the windows are not so small that 
flashover cannot occur.

Minimum glass areas for residential rooms are specified in the 
NBC. Using these restrictions and employing the apartment 
detailed earlier, minimum dimensions for the window and glass 
doors would be 2.4 m by 0.92 m and 1.5 m by 2 m respectively. 
The total area of glass would then become 4.9% of the floor area 
as opposed to 8.1% in the previous calculations.

Employing this smaller glass area but leaving all other details 
of the apartment unchanged yields the results for severity listed 
in Table 3 when the 95th percentile in fire load was employed.

The calculations show that fire severity increases if wood-stud 
fire separations are employed in addition to the presently 
permitted wood-stud interior partitions. It is also shown that 
when glass areas equal their minimum permitted values, fire can 
breach a 1 hour fire separation in its later stages whether wood 
or metal studs are employed in the fire separations.

7.2 OFFICE FIRES

The NBC does not establish minimum glass areas for office 
For the office suite considered here, the smallest 
capable of supporting flashover [7] are 9.13 m by 1.2 
total area of glass would then be 5.7% of the floor 
opposed to 10.6% in the previous calculations.

suites. 
wi ndows 
m. The 
area as

Calculations have been repeated employing this smaller glass area 
and assuming the solid exterior wall was lined with gypsum 
wallboard rather than normal weight concrete. Since gypsum 
wallboard is a better insulator, the fires should be more severe. 
The results of the calculations are listed in Table 4. Again the 
95th percentile in fire load was employed.
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Employing the smaller glass areas, the calculations show that the 
fire severity increases when wood-stud fire separations were 
employed in addition to wood-stud interior partitions. It is 
also shown that fire can breach a 1 hour fire separation whether 
wood or metal studs are employed in the fire separations.

8.0 CONCLUSIONS

In the calculations conducted in this study, efforts were made to 
ensure that the fire was severe. In addition to simulating fires 
employing up to the 95th percentile in fire load, heat losses to 
interior partitions were neglected and adverse ventilation 
conditions chosen.

The calculations indicate that for typical scenarios or for 
pessimized scenarios, wood studs do not augment fire severity 
s igni f icantly.

9.0 FIRE EXPERIMENTS

How much faith can be placed in these model predictions? In a 
series of 30 room-fire experiments conducted at NRC, the 
compartment fire model employed in this study was found to 
predict the fire severity to within 10% [3].

Nonetheless NRC researchers decided to conduct two experiments to 
check the predictions presented in this study [8]. In each 
experiment a fire was set in a room to assess the ability of a 1 
hour rated 15.9 mm (5/8 in) Type X gypsum wallboard partition to 
prevent untenable conditions from developing in a neighbouring 
room. In the first experiment the dividing partition was of 
wood-stud construction and in the second of metal-stud 
construction. As was predicted by the model, the performance of 
the two wall assemblies was found to be similar.

10.0 BUILDING CODE DELIBERATIONS

The proposal to change the NBC requirements to permit fire 
resistance rated wood-frame partitions to be used as fire
separations and to eliminate the 600 m2 fire compartment area 
limitation where unrated wood frame partitons are used in
unsprink1ered floor areas has been presented to the Associate 
Committee on the National Building Code. The model predictions 
and experimental findings presented above accompanied the CWC 
proposal. The preliminary reception of the proposal has been
good although it has not moved quickly enough to make it into the
1990 National Building Code of Canada.
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11.0 EQUIVALENCIES
The calculations presented above were conducted to assist in 
developing arguments to support a proposal for change to the 
NBC. As this proposal has not yet been approved but seems to 
have some support, the same arguments could be used by a 
designer who wished to employ wood-stud partitions and fire 
separations throughout a building required to be of 
noncombustible construction. As the design would not comply with 
the provisions of the NBC, model calculations, such as those 
presented here, could be used in arguing for an equivalency 
ruling before building officials.

12.0 FIRE ENDURANCE MODELS

Forintek is in the process of developing fire endurance models 
for wood-frame construction assemblies. The first assembly to be 
modelled is a gypsum wallboard / wood-stud wall.

Once developed the model could be used to design wood building 
systems with a given fire resistance without the need for time- 
consuming and expensive fire testing. Minor modifications in the 
design would require a new computer run but not a new fire test.

The advantages of developing these models go beyond demonstrating 
compliance with building code requirements. The models can be 
coupled with compartment fire models to predict the performance 
of assemblies in actual fires rather than in a standard furnace 
test. Rather than basing design on prescriptive building code 
requirements, which often include an unknown level of 
conservatism, one could design an assembly to perform its 
function in the event of an actual fire. This would introduce 
flexibility and cost-effectiveness into fire safety design.

13.0 SUMMARY

In this presentation the role of computer modelling in building 
code deliberations was illustrated by use of an example. A fire 
model was employed to compute fire severity in an apartment and 
in an office suite in buildings required to be of noncombustible 
construction. It was shown that either wood-stud or metal-stud 
wall assemblies meeting the appropriate fire resistance 
requirements inhibit intercompartmental fire spread.

The intent of this paper was to demonstrate the role computer 
fire modelling can play in delivering fire safety. As time 
progresses, one is likely to see more and more applications of 
computer fire modelling. As confidence in the models increases, 
one can envision the day when building codes move away from 
prescriptive requirements towards performance requirements.
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FIGURE 1 A Typical Apartment
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Adjoining 
Office Sui te

Sol Ld 
Extii ior 
Wall

4m (13ft)

FIGURE 2 A Typical Office Suite
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TABLE 1

MODEL PREDICTIONS - APARTMENT FIRES

P e r c e n t i l e  
F i r e  L o a d  

( c o n t e n t s )

h

W o o d -S tu d  
I n t e r i o r  

P a r t i 
t i o n s

W o o d -S tu d
F i r e

S e p a r a 
t i o n s

T
N o rm a liz e d  

B e a t  L o a d

( 1 0 4S ° - 5k )

E q u i v a l e n t
F i r e

E x p o s u r e
(m in )

5 0 th  ! No j No i»i 1 .9 9 29

5 0 th  ji Y e s  j 
•

No
iiii 2 .2 5 32

5 0 th  }
i

Y e s  j
i

Y e s
iiii 2 .5 9 37

8 0 th  j
i

NO No
iiii 2 .4 3 35

8 0 th  J
i

Y e s  {'
i

No
ii
i 2 .6 7 38

8 0 th  j
i

Y e s  j
i

Y e s
iiii 3 .0 0 43

95 t h  j
t

No j
i

No
iiii 2 .8 3 40

95 t h  !
t

Y e s  j
i

No
iiii 3 .0 5 43

9 5 th  {
ii

Y e s  J
i■

Y e s
ii
1

3 .3 7
i

48 i-L
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TABLE 2

MODEL PREDICTIONS - OFFICE FIRES

P e r c e n t i l e W o o d -S tu d W ood -Stud

ii
N o rm a liz e d | E q u iv a le n t |

F i r e  L o a d I n t e r i o r F i r e H e a t  Lo a d ! F i r e
( c o n t e n t s ) P a r t i - S é p a r a - i

( 1 0 4S ° * 5k ) !
11

E x p o s u re
t i o n s t i o n s (m in )

1

5 0 th No No 2 .1 8  [ 
i

32

1

5 0 th Y e s No 2 .4 2  !
1

35

5 0 th Y e s Y e s 2 .5 3  !
i

36

8 0 th No No 3 .0 1  i
I

43

8 0 th Y e s No 3 .2 2
i

46

8 0 th Y e s Y e s 3 .3 2 48

9 5 th No No 3 .7 2  ! 
1

54

9 5 th Y e s No 3 .9 2  j
i

57
1

9 5 th Y e s
_____ :______ L

Y e s 4 .0 1
i______________ L_

58
i
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TABLE 3

MODEL PREDICTIONS - APARTMENT - SMALL WINDOWS

J P e r c e n t i l e W o o d -S tu d

i

IW o o d -S tu d

ii
! N o rm a liz e d

ii
J E q u i v a l e n t

! F i r e  Lo ad I n t e r i o r i F i r e {B e a t  L o a d j F i r e  E x p o s u r e
{ ( c o n t e n t s ) P a r t i t i o n s i S e p a r a t io n s

ii
i

.j

•

! U 0 4 s 0 . 5 k )
i
1

j (m in )
i
1
l

9 5 t h Y e s No
i

4 .2 1 | 61
I

9 5 t h Y e s Y e s J 4 . 6 7
i

69
i
■
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TABLE 4

MODEL PREDICTIONS - OFFICE - SMALL WINDOWS

! P e r c e n t i l e JW o o d -S tu d

i

J W o o d -S tu d

i  i 
i  i
J N o rm a liz e d !

{ F i r e  Lo a d j I n t e r i o r I  F i r e {H e a t  L o a d  {
{ ( c o n t e n t s ) j P a r t i t i o n s j S e p a r a t io n s

i
i
i

i i

j ( i o 4 s ° - 5 k ) ! 
1 1
1 1

9 5 t h Y e s No
i

6 . 5 5
i i

9 5 th Y e s Y e s
i

j _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6 . 7 1
i i 
■ — i .

E q u i v a l e n t  
F i r e  E x p o s u r e  

(m in )

103

106
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Title
I propose a 
Structures for 
third document 
Structures for

change in title of the document to "Design of 
Fire Resistance - Quantitative Methods". The 
in the series could then be entitled "Design of 

Fire Resistance - Mathematical Modelling".

Scope

I propose a change in scope of the document as follows:

1.0 Scope

1.1 This document outlines quantitative methods for determining 
the fire-resistance ratings of assemblies. The methods presented 
have been developed by the interpolation or extrapolation of 
existing data generated in fire tests conducted in conformance 
with CAN4-S101M.

1.2 This document is applicable to assemblies constructed from 
generic materials; that is, materials for which nationally 
recognized Standards exist.

1.3 This document is not applicable to assemblies employing 
proprietary materials or materials for which fire test data are 
not presently available.

2.0 Reference Publications

Please add the following documents to the existing list:

CSA 101 - Thermal Insulation, Mineral Fibre, for Buildings 

CSA 0141 - Softwood Lumber

CSA 0122 - Structural Glued-Laminated Timber

CSA A82.30 - Interior Furring, Lathing and Gypsum Plastering 

CSA A82.31 - Gypsum Board Application 

CSA 080 - Wood Preservation

CAN3-086-M84 - Engineering Design in Wood (Working Stress
Design)

CAN3-086.1-M84 - Engineering Design in Wood (Limit States
Design)
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3.0 Definitions and Notations

Please add the following definitions and notations to the 
existing lists:

Definitions :

Notations :

B = full dimension of the smaller side of a glulam timber beam or 
column before exposure to fire (mm)

D = full dimension of the larger side of a glulam timber beam or 
column before exposure to fire (mm)

f = load factor for a glulam timber beam or column

K = effective length factor for a glulam timber column

L = unsupported length of a glulam timber column (mm)
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4.0 Material Properties
4.7 Wood

4.7.1 General

4.7.1.1 Structural members of solid-sawn lumber or glued- 
laminated timber shall conform to CSA 0141 or CSA 0122 
respectively. Assemblies constructed employing wood members 
shall conform to the requirements of CAN3-086 or CAN3-086.1.

4.7.2 Thermal Expansion

4.7.2.1 Thermal expansion of wood is generally insignificant 
under fire exposure conditions. As a consequence, all types of 
wood assemblies are considered to be unrestrained; that is, load 
bearing elements are free to expand and rotate at their supports.

4.1.2.2 Because of its low thermal expansion, wood rarely 
displaces membranes protecting wood structural elements.

4.7.3 Charring Rate

4.7.3.1 When exposed to fire, wood undergoes thermal 
degradation (pyrolysis) thereby producing a layer of char. The 
base of this char layer typically is at a temperature of 290oC 
(Wl) .

4.7.3.2 The charring rate, or the rate of advance of the char 
layer, is approximately constant for thick wood samples such as 
those encountered in structural design. Under the standard 
heating conditions of CAN4-S101, the charring rate is found to be 
about 0.66 mm/min for each exposed face of a member (Wl).

4.7.3.3 Although the development of a char layer protects the 
unburned wood beneath it, it also causes a reduction in the 
loadbearing capacity 'of the member by reducing its loadbearing 
dimensions. Mathematical models have been developed (Wl) which 
rely on the rate of charring given above together with a 
prediction of the temperature distribution in the uncharred part 
of the member, and the strength and deformation properties of 
wood at elevated temperatures to predict fire-resistance ratings 
of wood structural members. Although such models have been used 
to develop some of the information contained in this document, 
particularly in Section 6.3.2, they are themselves beyond the 
scope of this document.
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4.7.4 Thermal Conductivity

4.7.4.1 Wood also has a low thermal conductivity. Although 
the thermal conductivity shows some dependence on species, 
moisture content, and temperature, a value of 0.10 W/m.K has been 
suggested for fire exposure conditions (W2). As a consequence of 
this low thermal conductivity, timber beneath the charred layer 
does not heat up quickly and so retains most of its strength.

4.7.5 Fire-Retardant Treatment

4.7.5.1 Fire-retardant treated wood is pressure impregnated 
with fire-retardant chemicals in conformance with CSA 080 to 
reduce its flame-spread rating. Such treatment is not intended 
to improve the fire resistance of wood structural members or 
systems.

4.7.6 Fire-Resistive Coatings

4.7.6.1 Depending upon its thickness and durability under fire 
exposure, a fire-resistive coating may delay ignition of the wood 
for a few minutes and subsequently provide an effective 
insulating layer that reduces the rate of charring (Wl). Models 
to predict the performance of such coatings applied to wood 
structural elements are under development.

V- 5



6.0 Wood Constructions

6.1 Floor and Roof Assemblies

6.1.1 General

The provisions of Chapter 6.1 relate to the fire test performance 
of a floor or roof assembly when the fire exposure is from below. 
It is assumed on the basis of experience that fire exposure from 
above will result in a longer time to penetrate the floor than an 
exposure from below, and that the fire resistance in such a 
situation will be at least equal to that obtained when the 
exposure is from below.

6.1.2 Wood-Framed Assemblies

6.1.2.1 The fire resistance rating of protected wood-framed 
floors and roofs, for ratings up to and including 1 1/2 h, can be 
determined employing the component additive method (W1,W3) 
described in this section. The ratings developed herein apply to 
loadbearing floors or roofs subjected to the loading conditions 
specified in CAN4-S101.

6 .1.2.2 The fire resistance rating of a framed assembly is 
calculated by adding the time assigned in Article 6.1.2.3 for the 
membrane on the exposed side plus the time assigned in Article
6 .1.2.4 for the framing members plus the time assigned in Article
6.1.2.6 for additional protection such as the reinforcement of a 
membrane. The times assigned to the components of an assembly 
should not be construed as their fire resistance ratings, but as 
their contribution to the overall fire resistance rating of the 
complete assembly.

6 .1.2.3 The fire-resistance rating of a framed assembly depends 
critically on the performance of the membrane on the fire-exposed 
side. Tables 4.x.x and 4.x.x list the times assigned to such 
membranes based on their ability to remain in place during fire 
tests .

6 .1.2.4 When the membrane on the fire-exposed side of a framed
assembly opens at the joints or falls off, there is a period of 
time before structural failure occurs during which joists are 
exposed directly to flame. Table 6.1.2.A lists the times
assigned to framing members based on the time between failure of 
the membrane and collapse of the assembly.
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Table 6.1.2.A
Time Assigned for Contribution of Wood Frame

Description of Frame
Time assigned 

to Frame 
min

Wood studs 
Wood floor 
Wood roof

400 mm o .c . 20 
or roof joists 400 mm o.c. 10 

or floor truss assemblies 600 mm o.c. 5

6 .1.2.5 Floor or roof assemblies of wood framing shall have an 
upper membrane consisting of a subfloor and finish floor 
conforming to Table 6.1.2.B or any other membrane that has a 
contribution to fire resistance of at least 15 min in Table 
4 . x . x .

Table 6 
Flooring or Roofing

.1.2.B
over Wood Joists

Type of 
Assembly Subfloor or Roof Deck Finish Flooring or Roofing

Hardwood or softwood 
flooring on building paper

Floor
12.5 mm plywood 

or
17 mm tongued and
grooved softwood •

Resilient flooring, parquet 
floor, felted-synthetic-fibre 
floor coverings, carpeting, 
or ceramic tile on 8 mm thick 
panel-type underlay

Ceramic tile on 30 mm mortar 
bed

Roof
12.5 mm plywood 

or
17 mm tongued and 
qrooved softwood

Finish roofing material with 
or without insulation

6.1.2.6 The use of reinforcement in the membrane exposed to 
fire can add to the fire resistance by extending the time to 
failure. Table 6.1.2.C shows the time increments that may be 
added to the fire resistance when reinforcement or other 
additional protection is incorporated in an assembly.
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Table 6.1.2.C
Time Assigned for Additional Protection

Time
Description of Membrane & Additional Protection Increment,

min
Plaster on gypsum lath ceilings incorporating 
either 0.76 mm diameter wire mesh with 25 mm by 
25 mm openings or 1.57 mm diameter diagonal wire 
reinforcinq 250 mm o.c. between lath and plaster

30

Plaster on gypsum lath ceilings incorporating 
76 mm wide metal lath strips over joints between 
lath and plaster

10
Plaster on 9.5 mm gypsum lath ceilings (Table 
4.x.x.x) if supports for lath are 300 mm o.c. 10

6.1.2.7 Insulation used in the cavities of a wood floor 
assembly will not reduce the assigned fire-resistance rating of 
the assembly provided:

(a) the insulation is preformed insulation of rock, slag or 
glass fibres conforming to CSA A101, with a mass of not 
more than 1.1 kg/m2 and is installed adjacent to the 
bottom edge of the framing member, directly above steel 
furring channels,

(b) the gypsum wallboard ceiling membrane is attached to
(i) wood trusses in conformance with Sentence

6 .1.2.8.(2) by way of steel drywall furring 
channels spaced not more than 400 mm o.c. with the 
channels secured to each bottom truss member with 
a double strand of 1.2 mm galvanized steel wire at 
300 mm o.c., or

(ii) wood joists by way of drywall or resilient steel 
furring channels spaced not more than 400 mm o.c. 
in conformance with Sentences 6.1.2.9.(2) and (3), 
and

(c) a steel furring channel is installed midway between 
each furring channel mentioned in Clause (b) to provide 
additional support for the insulation.

6 .1.2.8. (1) The values shown in Tables 4.x.x, 4.x.x and
6 .1.2.E apply to membranes supported om framing members spaced in 
conformance with Table 6.1.2.A.

6.1.2.8. (2) Wood roof and floor trusses are assumed to consist 
of wood chord and web framing members not less than 38 mm by 89 
mm and connector plates fabricated from at least 1 mm thick 
galvanized steel with projecting teeth at least 8 mm long. 
Dimensions for dressed lumber are given in CSA 0141.
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6 .1.2.8. (3) Allowable spans for wood joists for floors 
supporting specific occupancies are listed in Part 9 of the 
National Building Code of Canada.

6 .1.2.8. (4) The thickness of plaster finish shall be measured 
from the face of gypsum or metal lath.

6 .1.2.8. (5) Gypsum wallboard installed over framing or furring 
shall be installed so that all edges are supported.

6 .1.2.8. (6) Resilient or drywall furring channels may be used 
to attach a gypsum wallboard ceiling membrane to a floor or roof 
assembly provided the channels are of galvanized steel not less 
than 0.5 mm in thickness and are placed at a spacing of not more 
than 600 mm o.c. perpendicular to the framing members with an 
overlap of not less than 100 mm at splices and a minimum end 
clearance between the channels and walls of 15 mm.

6.1.2.9. (1) Except as provided in Sentences (2) to (5), the 
fastening of lath and plaster or gypsum wallboard finish shall 
conform to CSA A82.3 or CSA A82.31.

6 .1.2.9. (2) Where membrane protection in Tables 4.x.x, 4.x.x 
and 6.1.2.E is applied to steel furring, fasteners shall 
penetrate at least 10 mm through the metal.

6.1.2.9. (3) Except as provided in Sentence (4), where membrane 
protection in Tables 4.x.x, 4.x.x and 6.1.2.E is applied to wood 
framing or furring, minimum fastener penetrations shall conform 
to Table 6.1.2.D for the time assigned to the membrane.

Table 6.1.2.D
Minimum Fastener Penetrations for Membrane 

Protection on Wood Frame, mm

Type
of

Assigned
to

Contribution of 
Fire Resistance.

Membrane
min

Membrane 5-25 30-35 40 50 55-70 80
Sinqle layer 20 29 32 - - -

Double layer 20 20 20 29 35 44
Gypsum or 
fibreboard lath 20 20 23 23 29 29

6.1.2.9. (4) Where membrane protection is applied in 2 layers, 
the fastener penetrations in Table 6.1.2.D shall apply to the 
base layer. Fasteners for the face layer shall penetrate at 
least 20 mm into the wood supports.
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6 .1.2.9.(5) In a double layer application of gypsum wallboard 
on wood supports, fastener spacing shall conform to Section 9.30 
of the National Building Code of Canada.

6.1.2.10 Where the fire-resistance rating of a ceiling assembly 
is to be determined on the basis of the membrane only and not of 
the complete assembly, the ratings may be determined from Table
6 .1.2.E.

Table 6.1.2.E
Fire-Resistance Rating for Membranes

Fire-Resistance
____ Description of Membrane___________________________ Rating, min
9.5 mm gypsum wallboard & 12.7 mm gypsum wallboard 30

Double 12.7 mm gypsum wallboard 30

15.9 mm Type X gypsum wallboard & at least 75 mm
mineral wool batt insulation above wallboard 30

19 mm gypsum-sand plaster on metal lath 30

Double 14.0 mm Douglas Fir plywood phenolic bonded 30

Double 12.7 mm Type X gypsum wallboard 45

25 mm gypsum-sand plaster on metal lath 45

Double 15.9 mm Type X gypsum wallboard 60

32 mm gypsum-sand plaster on metal lath____________________60____

V-10



6.1.3 Solid Wood Assemblies

6.1.3.1 The minimum thickness of solid wood floors and roofs 
for fire-resistance ratings from 1/2 h to 1 1/2 h is showm in 
Table 6.1.3.A.

Table 6.1.3.A
Minimum Thickness of Solid Wood 

Roofs and Floors, mm
Type of Fire-Resistance Rat inq

Construction 1/2 h 3/4 h 1 h 1 1/2 h
Solid wood floor with building 
paper & finish flooring on top (1) 89 114 165 235
Solid wood, splined or tongued & 
grooved floor with building paper 
& finish floorinq on top (2)

64 76 -
Notes to Table 6.1.3.A:
(1) The assembly shall consist of 38 mm thick members on edge 
fastened together with 101 mm common wire nails spaced not 
more than 400 mm o.c. and staggered in the direction of the 
gra i n .
(2) The floor shall consist of nominal 64 mm by 184 mm wide
planks either tongued and grooved or with 19 mm by 38 mm 
splines set in grooves and fastened together with 88 mm 
common nails spaced not more than 400 mm o.c.___________________

6.1.3.2. (1) The fire-resistance rating of the assemblies 
described in Table 6.1.3.A may be increased by 15 min if one of 
the following finishes is applied on the fire-exposed side:

(a) 12.7 mm gypsum wallboard
(b) 20 mm gypsum-sand plaster on metal lath, or
(c) 13 mm gypsum-sand plaster on 9.5 mm gypsum lath.

6.1.3.2. (2) Fastening of these finishes to the wood structure 
shall conform to Article 6.1.2.9.
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6.2 Wall Assemblies

6.2.1 General

The provisions of Chapter 6.2 relate to the fire performance of a 
wall with the fire exposure on one side only. Interior fire 
separations are rated for exposure to fire on each side. 
Exterior walls may be rated from the interior side only.

6.2.2 Wood-Framed Assemblies

6 .2.2.1 The fire resistance rating of protected wood-framed 
walls, for ratings up to and including 1 1/2 h, can be determined 
employing the component additive method (W1,W3) described in this 
section. The ratings developed herein apply to both non
loadbearing walls and loadbearing walls subjected to the loading 
conditions specified in CAN4-S101.

6 .2.2.2 The fire resistance rating of a framed assembly is 
calculated by adding the time assigned in Article 6.2.2.3 for the 
membrane on the exposed side plus the time assigned in Article 
6.2.2.4 for the framing members plus the time assigned in Article
6.2.2.7 for additional protection such as the inclusion of 
insulation. Times assigned to components of an assembly should 
not be construed as their fire resistance ratings, but as their 
contribution to the overall rating of the complete assembly.

6 .2.2.3 The fire-resistance rating of a framed assembly depends 
critically on the performance of the membrane on the fire-exposed 
side. Tables 4.x.x and 4.x.x list the times assigned to such 
membranes based on their ability to remain in place during fire 
tests .

6.2.2.4 When the membrane on the fire-exposed side of a framed 
assembly opens at the joints or falls off, there is a period of 
time before structural failure occurs during which studs are 
exposed directly to .flame. Table 6.1.2.A lists the times 
assigned to framing members based on the time between failure of 
the membrane and collapse of the assembly.

6.2.2.5 Interior vertical fire separations shall be rated for 
exposure to fire on each side. It is assumed that membrane 
protection is provided on both sides of the assembly. In the 
calculation of the fire-resistance rating, no contribution is 
assigned for a membrane on the non-fire-exposed side, since this 
membrane may fail when the structural members fail.

6.2.2.6 When an exterior wall assembly is to be rated from the 
interior side only, the outer membrane shall consist of the 
sheathing and exterior cladding combinations listed in Table
6 .2.2.A or any membrane assigned a time for contribution to fire 
resistance of at least 15 min in Table 4.x.x or 4.x.x.
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Table 6.2.2.A
Membrane on Exterior Face of Wood Stud Walls

Sheathing Exterior Cladding

16 mm tongued & grooved lumber 
7.5 mm exterior grade plywood 
12.7 mm gypsum wallboard

Lumber siding
Wood shingles and shakes
6 mm plywood exterior grade
6 mm hardboard
Metal siding
Stucco on metal lath
Masonry veneer

None 9.5 mm exterior qrade plywood
6 .2.2.7 Insulation may provide additional protection by 
shielding studs from exposure to the furnace and thus delaying 
the time to collapse.
(a) 15 min can be added to the fire-resistance rating of wood- 

stud walls if the spaces between the studs are filled with 
preformed insulation of rock or slag fibres conforming to CSA 
A101 and having a mass not less than 1.22 kg/m2 of wall surface.
(b) 5 min can be added to the fire-resistance rating of non

loadbearing walls if the space between the studs are filled with
preformed insulation of glass fibres conforming to CSA A101 and
having a mass of not less than 0.6 kg/m2 of wall surface.

6.2.2.8.(1) The values shown in Tables 4.x.x and 4.x.x apply 
to membranes supported on framing members spaced in conformance 
with Table 6.1.2.A.

6.2.2.8. (2) Wood studs are assumed to be not less than 38 mm 
by 89 mm. Dimensions for dressed lumber are given in CSA 0141.

6.2.2.8. (3) The thickness of plaster finish shall be measured 
from the face of gypsum or metal lath.

6.2.2.8. (4) Gypsum wallboard installed over framing or furring 
shall be installed so that all edges are supported, except that
15.9 mm Type X gypsum wallboard may be installed horizontally 
with the horizontal joints unsupported.

6 .2.2.9. (1) Except as provided in Sentence (2), the fastening 
of a protective membrane to wood supports shall conform to 
Sentences 6.1.2.9.(1) to (5).

6 .2.2.9. (2) Where adhesives are used to attach the face layer 
of gypsum wallboard in a double layer application for walls, the 
top and bottom of the face layer shall be secured to the supports 
by mechanical fasteners having lengths as required in Sentences
6.1.2.9. (2) and (4) and spaced not more than 150 mm o.c. for wood 
supports and not more than 200 mm o.c. for steel supports.
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6.2.3.1 The minimum thickness of wood walls for fire-resistance 
ratings from 1/2 h to 1 1/2 h is shown in Table 6.2.3.A.

6.2.3 Solid Wood Assemblies

Table 6.2.3.A
Minimum Thickness of Solid Wood Walls, mm

Type of Fire-Resistance Rating
Construction 1/2 h 3/4 h 1 h 1 1/2 h

Solid wood walls of loadbearing
vertical Dlank (1) 89 114 140 184
Solid wood walls of non-loadbearing
horizontal Dlank (1) 89 89 89 140
Note to Table 6.2.3.A:
(1) The assembly shall consist of 38 mm thick members on 
fastened together with 101 mm common wire nails spaced 
more than 400 mm o.c. and staggered in the direction of 
grain.

edge
not
the

6 .2.3.2. (1) The fire-resistance rating of the assemblies 
described in Table 6.2.3.A may be increased by 15 min if one of 
the following finishes is applied on the fire-exposed side:

(a) 12.7 mm gypsum wallboard,
(b) 20 mm gypsum-sand plaster on metal lath, or
(c) 13 mm gypsum-sand plaster on 9.5 mm gypsum lath.

6.2.3.2. (2) Fastening of these finishes to the wood structure 
shall conform to Article 6.2.2.9.

6 .2.3.3 Supplementary ratings based on tests are included in 
Table 6.2.3.B. These ratings apply to constructions that conform 
in all details with thte descriptions given.
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Table 6.2.3.B
Fire-Resistance Rating of Non-Loadbearing 

Built-Up Solid Wood Partitions (W4)

Construction Details
Overall

Thickness,
mm

Fire-Res istance 
Rating, 

h
Solid panels of wood boards 64 
140 mm wide grooved and joined 
wood splines, nailed together,

mm to
with
boards 58 1/2

placed vertically with staggered 
joints, 3 boards thick
Solid panels with 4 mm plywood facings
(1) glued to 46 mm solid wood core of
glued, tongued & grooved construction 54 1
for both sides and ends of core pieces 
with tongued & grooved rails in the
core about 760 mm apart___________ __________________________________
Note to Table 6.2.3.B:
(1) Ratings for plywood faced panels are based on phenolic resin 
glue being used for gluing facings to wood frames. If other 
types are used for this purpose, the ratings apply if the facings 
are nailed to the frames in addition to being glued.______________
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6.3 Beam and Column Assemblies

6.3.1 General

The end point criterion employed in determining the fire 
resistance ratings of beams and columns is that of structural 
integrity only as these structural members are not intended to 
play direct roles in compartmentation. Beams and columns may be 
rated for exposure to fire from three or four sides.

6.3.2 Glued-Laminated Timber Beams and Columns

6.3.2.1 The fire resistance rating of glued-laminated timber 
beams and columns, for ratings in excess of 3/4 h, can be 
determined using the method described in this section (W5).

6 .3.2.2. (1) The fire-resistance rating of glued-laminated 
timber beams and columns in minutes shall be equal to
(a) 0.1 fB[4-2(B/D)] for beams exposed to fire on 4 sides,
(b) 0.1 fB[4-(B/D)] for beams exposed to fire on 3 sides,
(c) 0.1 fB[3-(B/D)] for columns exposed to fire on 4 sides, and
(d) 0.1 fB[3-(B/2D) ] for columns exposed to fire on 3 sides,

where f = the load factor shown in Figure 6.3.2.A,
B = the full dimension of the smaller side of a beam or 

column in mm before exposure to fire (See Figure
6.3.2. B),

D = the full dimension of the larger side of a beam or 
column in mm before exposure to fire (See Figure
6.3.2. B),

K = the effective length factor obtained from CAN3-086 
(relevant for columns only), and 

L = the unsupported length of a column in mm.

6 .3.2.2. (2) Clause (d) in Sentence (1) shall apply only where
the unexposed face is the smaller side of a column. There are no
experimental data to vferify the formula in Clause (d) when one of 
the larger sides is not exposed to fire. If a column is recessed 
into a wall, its full dimensions shall be used for the purpose of 
these calculations.

6.3.2.2. (3) The allowable load on a beam or column shall be 
determined by using the allowable stresses specified in CAN3-086, 
"Engineering Design in Wood".
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6,4 Heavy Timber Construction

6.4.1 General

The National Building Code of Canada (W6) permits the use of 
heavy timber construction where combustible construction is 
permitted and is required to have a 3/4 h fire-resistance rating. 
In heavy timber construction, wood elements are arranged in heavy 
solid masses and with essentially smooth, flat surfaces so as to 
avoid thin sections and sharp projections. To assure the 3/4 h 
fire-resistance rating, wood structural members such as beams, 
columns and arches are either solid or glued-laminated timbers 
conforming to the minimum sizes described below.

6.4.2 Specifications

6.4.2.1 The actual dimensions of solid-sawn or glued-laminated 
timber used in heavy timber construction shall conform to CSA 
0141, or CSA 0122M, respectively.

6.4.2.2 Except as provided in Sentences 6.4.2.3 to 6.4.2.5, the 
minimum dimensions of wood elements in heavy timber construction 
shall conform to Table 6.4.2.A.

Table 6.4.2 . A
Minimum Dimensions of Wood Elements 

in Heavy Timber Construction

Supported
Assem bly

Structural Element

So lid  Sawn  
(width x  depth), 

mm x  mm

Glued-Lam inated  

(width x  depth), 
mm x  mm

Round
(diam),

mm

C o lu m n s 140 x  191 130 x  190 180

Arches supported on 

the tops o f  w alls 

or abutments

89 x  140 80 x  152 —

R o o fs  on ly Beam s, girders and 

trusses

89 x  140 80 x  152 —

A rche s supported at 

or near the floor 

line

140 x  140 130 x  152 —

C o lu m n s 191 x  191 175 x  190 200

Floors, floors plus 

roofs

Beam s, girders, 
trusses and arches

140 x  241 

or
191 x  191

130 x  228 

or
175 x  190

—
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6.4.2.3 Roof arches supported on the tops of walls or 
abutments, roof trusses, roof beams and roof girders shall be 
spliced where necessary with splice plates at least 64 mm thick 
and be
(a) at least 64 mm thick where 2 or more spaced members are used 

for the construction with intervening spaces blocked solidly 
throughout or tightly closed by a continuous wood cover 
plate of at least 38 mm thickness secured to the underside 
of the members, or

(b) at least 64 mm thick when protected by automatic sprinklers 
under the roof deck.

6.4.2.4 Floors shall be of glued-laminated or solid-sawn plank 
that is at least 64 mm thick, splined or tongued and grooved, or 
at least 38 mm wide and 89 mm deep set on edge and well-spiked 
together
(a) laid so that no continuous line of end joints will occur 

except at points of support, and covered with at least 19 mm 
tongued and grooved flooring laid cross-wise or diagonally, 
or at least 12.5 mm tongued and grooved phenolic-bonded 
plywood or 12.5 mm tongued and grooved phenolic-bonded 
waferboard, and

(b) laid not closer than 15 mm to the walls to provide for 
expansion, and the gap covered at the top or bottom.

6.4.2.5 Roofs shall be of at least 28 mm thick tongued and 
grooved phenolic-bonded plywood, or glued-laminated or solid-sawn 
plank that is
(a) at least 38 mm thick, splined or tongued and grooved, or
(b) at least 38 mm wide and 64 mm deep set on edge and laid so 

that no continuous line of end joints will occur except at 
the points of support.

6.4.2.6 Wood columns shall be continuous or superimposed 
throughout all storeys.

6.4.2.7 Super imposed' wood columns shall be connected by
(a) reinforced concrete or metal caps with brackets,
(b) steel or iron caps with pintels and base plates, or
(c) timber splice plates fastened to the columns by metal 

connectors housed within the contact faces.

6.4.2.8 Where beams and girders enter masonry, wall plates, 
boxes of the self-releasing type or hangers shall be used.
6 . 4 . 2.9 
columns, 
trans fer

Wood girders and beams shall be closely fitted around 
and adjoining ends shall be connected by ties or caps to 
horizontal loads across the joints.

6.4.2.10 Intermediate wood beams used to support a floor shall 
be supported on top of girders or on metal hangers into which the 
ends of the beams are closely fitted.
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