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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

To evaluate the fire performance of exterior wall assemblies and finishes on contemporary low- 
rise Canadian buildings.

To formulate new fire safety criteria for these assemblies.

To develop design tools which aid architects and building officials in their selection and approval 
of exterior wall assemblies and finishes.

To devise exterior wall assemblies and finishes with improved fire safety.

2.0  BACKGROUND

2.1 NATIONAL BUILDING CODE OF CANADA REQUIREMENTS FOR EXTERIOR 
WALLS

During construction of the St Lawrence Seaway in the 1950’s, it was necessary to destroy a 
large number of buildings along the banks of the St Lawrence River. Before these buildings 
were burned to the ground, scientists from the National Fire Laboratory of the Institute for 
Research in Construction (IRC) fully instrumented a number of them, observed their destruction 
and collected valuable information about the development and spread of fires, both within 
individual buildings and from building to building. All of the current specifications regarding 
spatial separations between buildings and exposure protection of buildings in the National 
Building Code o f Canada 1990 (NBCC) are based upon the observations and measurements made 
during those "St Lawrence Bums". Because both American and British researchers also 
participated in the "St Lawrence Bums", most USA and European building code specifications 
regarding spatial separations between buildings and fire-exposure protection are also based upon 
the Canadian data.

NBCC requirements for protection of the exterior walls of buildings from the effects of fire are 
based upon the following assumptions:

•  The threat to exterior cladding from a fire within the building venting through 
unprotected openings in the exterior walls of the structure is more severe than that from 
fire in an adjacent building. Consequently, acceptance criteria for combustible cladding 
permitted on particular buildings required to be of noncombustible construction are based 
upon the hazard of a fire within the building venting through an unprotected window 
opening.
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•  Fire spreads from one building to an adjacent structure because of the radiation of heat 
from the burning building onto the adjacent structure and the source of that radiation is 
the area of windows or other openings in the burning building plus the area of flame 
above the lintel of those openings. Code specifications regarding the proximity of 
buildings to adjacent property lines are intended to inhibit this mechanism for fire spread.

•  Fire resistive building construction can inhibit the ability of a fire within the building 
from penetrating the exterior walls and igniting the exterior cladding of the building.

•  Building codes furnish requirements for the construction of a building: they do not 
regulate the environment in which that building is located. Therefore, the code does not 
deal with the threat to exterior cladding from combustible materials on the ground around 
the perimeter of the building.

In order to understand the NBCC’s requirements for protection of the exterior walls of buildings 
from the effects of fire, it is necessary to understand the terminology used in the codes related 
to exterior walls. NBCC definitions (Subsection 1.1.3.) for some of the key terms are provided 
below.

Exposing building face means that part of the exterior wall of a building which 
faces one direction and is located between ground level and the ceiling of its top 
storey, or where a building is divided into fire compartments, the exterior wall 
of a fire compartment which faces one direction.

Exterior cladding means those components of a building which are exposed to the 
outdoor environment and are intended to provide protection against wind, water 
or vapour.

Limiting distance means the distance from an exposing building face to a property 
line, the centre line of a street, lane or public thoroughfare, or to an imaginary 
line between 2 buildings or fire compartments on the same property, measured 
at right angles to the exposing building face.

Unprotected opening (as applying to exposing building face) means a doorway, 
window or opening other than one equipped with a closure having the required 
fire-protection rating, or any part of a wall forming part of the exposing building 
face that has a fire-resistance rating less than required for the exposing building 
face.

NBCC requirements for protection of the exterior walls of fire-rated buildings from the effects 
of fire are located in Subsection 3.2.3. Spatial Separation and Exposure Protection of 
Buildings (specifications for limiting distance and area of unprotected openings in the exposing
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building face are found in Article 3.2.3.1. while specifications for construction of the exposing 
building face and fire-resistance ratings for exterior walls are in Article 3.2.3.7.).

Acceptance criteria for combustible cladding permitted on particular buildings required to be of 
noncombustible construction are found in Article 3.1.5.5.

2.2 RECENT CONCERNS ABOUT NATIONAL BUILDING CODE OF CANADA 
REQUIREMENTS FOR EXTERIOR WALLS

In recent years, there have been a number of fires in high-rise buildings in which the primary 
mechanism of fire spread was by "leap-frogging" from window opening to window opening 
upwards along the exterior facade of the buildings. At the same time, a series of major 
wildland/urban-interface fires have resulted in the destruction of thousands of houses in Southern 
California, and highlighted the failure of the NBCC to address issues associated with the threat 
of a fire from combustible materials located adjacent to the outside walls of buildings. Finally, 
the materials and construction methods currently used in buildings in Canada and the USA have 
changed significantly since the 1950’s when the St Lawrence bums were carried out. 
Consequently, serious doubts have been raised about the levels of fire safety afforded Canadians 
by current NBCC specifications for fire performance of exterior cladding materials and spatial 
separation between buildings. Therefore, at the request of the Canadian Commission on 
Building and Fire Codes (CCBFC), IRC scientists have initiated a research program to:

•  revisit the original "St Lawrence bums" data and the philosophy behind current NBCC 
specifications for spatial separation between buildings;

•  after taking into consideration current building materials, fire loads and building designs; 
quantify the risk of fire spread from one building to another; and,

•  recommend appropriate changes to the NBCC for consideration by the CCBFC.

Since spatial separation specifications in the code have a direct impact upon minimum lot 
dimensions and building design and construction, the outcome of this IRC research program 
could have a significant impact upon future costs of housing in Canada. In addition, IRC’s 
research could have a significant impact upon future acceptance of combustible sheathing 
materials (oriented strand board and plywood) under both combustible (vinyl or wood) and 
noncombustible (aluminum, brick and stucco) cladding materials. Depending upon the 
conclusions IRC scientists reach, it is even possible that future changes to the Code might result 
in additional restrictions on the use of wood-frame structural members in the exterior walls of 
buildings.

Because these issues represent a very serious threat to future markets for wood-based building 
materials in Canada and throughout North America, the Canadian Wood Council (CWC) 
strongly recommended that Forintek carry out "independent" (as opposed to those of IRC/NFL) 
research studies to look at the fire performance of exterior wall assemblies and finishes and the

3



consequences that changes to the code’s requirements regarding spatial separation and fire- 
exposure protection for buildings might have upon future markets for Canadian wood-based 
building materials. In addition, because of its ancillary impact on building codes in the United 
States, and its potential benefits for efforts by the Council of Forest Industries of British 
Columbia (COFI) and the National Forest Products Association (NFPA) to boost Japanese 
acceptance of wood-frame buildings and enhance the export wood products to Asia, the NFPA’s 
Subcommittee on Fire Performance of Wood included this issue in their list of "KEY FIRE 
ISSUES" (Priority II) and through the North American Wood Products Fire Research 
Consortium (NAWPFRC), has urged Forintek to carry out this investigation.

2.3 DEVELOPMENT OF FIRE SAFETY DESIGN CRITERIA FOR EXTERIOR WALL 
ASSEMBLIES AND FINISHES

The choice of a building design and materials to be used in construction of the building is very 
often an arbitrary process affected more by the personal experiences and biases of the architect 
or engineer than by any rational approach. And while various industries have produced aids for 
structural design of buildings, for example the CWC’s Wood Design Manual, there are few tools 
available to assist in fire safety design of the exterior walls of buildings. Therefore, in 
collaboration with CWC, the information obtained in this research project will be compiled into 
a set of fire safety design criteria for exterior walls and finishes. These design criteria will be 
in one of the following forms: a "cookbook" of design "recipes" for construction of exterior wall 
systems, a computer aided design model, an "expert" system, a handbook for designers.

2.4 DEVELOPMENT OF NEW WOOD-BASED EXTERIOR CLADDING PRODUCTS

Currently, there are a number of commercially available no-maintenance exterior 
insulation/cladding systems being used in construction of non-residential buildings. Most of 
them are composed of polystyrene or polyurethane foam sandwiched between layers of a 
thermally thick cementitious material. These products have a well defined market that is 
growing. Their performance characteristics are known. The costs associated with their 
manufacture and use are known.

In recent years, manufacturers of wood-based building materials have begun to diversify their 
product lines by marketing a number of innovative fire-retardant, composite and laminated 
building products and materials. Some of the products are fibre insulation boards, cement-fibre, 
gypsum-fibre and slag-fibre panels and new fire-retardant composites. Forintek will investigate 
the fire performance of various combinations of these new wood and cellulosic building products 
in order to identify those combinations that could be used as exterior cladding for non-residential 
buildings and successfully compete with current plastic-concrete based products.

Aluminum and vinyl siding products dominate today’s markets for siding materials for one and 
two family housing. Wood, once the most commonly used cladding material for these buildings,
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is now the least used product. And while factory-finished hardboard siding is in most ways a 
superior product to either aluminum or vinyl, because of its manufacturing cost and fire 
performance, its share of the market is very small. However, as previously noted, the wood 
industry is developing a number of new, low cost building products. Forintek proposes to 
investigate ways of marrying these new products with the hardboard siding industry’s finishing 
technology to create siding products with superior fire performance and lower costs.

L.R. Richardson

J.R. Mehaffey

A. C. Comelissen

Co-op Engineering Student 

J.-C. Havard

B. McCuaig

3.0  STAFF

Project Leader 
Research Scientist

Research Scientist

Research Scientist

Research Technologist

Student Scientist/Technologist

Department Manager

Department Secretary

Shop support staff

4 .0  PROPOSED APPROACH

This research program will require five years or more to complete and involve studies of four 
very different aspects associated with fire and the exterior walls of buildings:

•  spatial separation between buildings,

•  effect of building construction (cladding, sheathing, insulation and framing members) on 
the fire performance of exterior walls of buildings,

•  formulation of new fire safety criteria for exterior wall assemblies and finishes and 
development of design tools for these assemblies, and

•  development of exterior wall systems and claddings with improved fire performance 
characteristics for noncombustible mercantile and industrial buildings and low density 
housing.
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Initially, the work will focus upon the crucial questions surrounding spatial separation between 
buildings and the effects of building construction on the fire performance of exterior wall 
systems. Information acquired in the initial phase of the project will be compiled into a set of 
fire safety criteria and deign tools for exterior walls and finishes. The physical form that these 
design tools may take will depend upon the conclusions reached in the first phase. They may 
be presented as one of the following: a "cookbook" of design "recipes" for construction of 
exterior wall systems, a computer aided design model, an "expert" system, or a handbook for 
designers. Later, with the additional knowledge gained during the initial phases of the research 
program, and with the cooperation of one or more "industry partners", development of new 
cladding systems with improved fire performance will be initiated and the design criteria 
updated.

Note: Development of design tools will require the cooperation and assistance of Erol Varoglu 
and other scientists at Forintek’s Western Laboratory and officials of CWC. 
Development of new claddings will require the cooperation and assistance of scientists 
in the Eastern Laboratory’s Composite Materials Department and industry "partner(s)".

5.0 WORK TO BE PERFORMED

5.1 RESEARCH COORDINATION AND TECHNOLOGY TRANSFER

Coordination o f Forintek’s research program with the research objectives o f the North American 
wood industry and Technology Transfer.

All work for this research program will be coordinated with the overall research efforts of the 
North American wood products industry and the results transferred to the wood products 
industry and building codes and fire test standards committees by participation on, or liaison 
with, the following committees:

•  Forintek program planning committees (TAC, NRPC, etc.)

•  CWC Semi-annual Code and Standards Program Committee,

•  Forintek-CWC-COFI-Structural Board Association (SBA) committee for Canadian codes 
and standards issues,

•  NFPA Technical Advisory Committee - Subcommittee on Fire Performance of Wood 
(annually),

•  NAWPFRC (annually), and

•  NAWPFRC Fire Modelling Subcommittee (annually).
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Forintek-IRC Collaborative Research Committee

•  CCBFC Standing Committees for Housing and Small Buildings (Part 9) and Fire 
Protection (Part 3)

•  Underwriters’ Laboratories of Canada Fire Test Committee and ASTM Committee on 
Fire Standards

5.2 1992/93

Problem Analysis and Identification o f Opportunities

5.2.1 An analysis of problems associated with exposure of exterior walls to heat and flames 
and fire performance of exterior claddings will be carried out. This will involve a 
review of published literature, consultation with manufacturers of wood, hardboard and 
EIFS (Exterior Insulation Finish Systems) exterior cladding products and building code 
authorities in Canada and USA (ICBO) and limited experimental studies. In addition, 
the study will identify existing market opportunities that are not being realized by the 
wood industry and prioritize the issues to be addressed by this and other research projects 
on fire performance of exterior walls being carried out for the North American wood 
industry.

5.2.2 A brief Forintek Technical report will be written outlining the conclusions from this 
problem analysis study.

Note: Much of the literature review and consultative aspects of this task have already been 
completed in deriving this research plan.

Determination o f the ignition propensity o f materials in the exterior walls o f buildings permitted
to be o f combustible construction.

5.2.3 Determine the ignition propensity of building materials (claddings, sheathing, framing 
members and insulation) commonly used in construction of the exterior walls of low and 
medium-rise buildings of combustible construction by exposing, horizontally, 100 mm 
square specimens to various levels of radiant heat ranging from 15 to 75 kW/m2 from 
the heater on Forintek’s cone calorimeter and determine:

•  the minimum flux required for piloted (spark) ignition, and
•  the minimum surface temperature required for piloted ignition.

Note: Information developed in a parallel research project being carried out by Forintek to 
validate new procedures for quantifying surface flammability of building materials will 
be applied in this research project.
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5.3 1993/94

Establishment o f a task force to oversee the research program.

5.3.1 Establish a task force of about six to eight individuals familiar with the wood industry, 
innovative new wood-based building products, Canadian building regulations and 
Canadian construction practice to review this research program and make 
recommendations.

5.3.2 Complete 5.2.1, 5.2.2 and 5.2.3

Determination o f the fire performance o f exterior wall assemblies and finishes using laboratory-
scale tests.

5.3.3 Determine the ignition propensity and heat transfer through small-scale wall constructions 
exemplifying exterior walls of low and medium-rise buildings of contemporary 
combustible construction by exposing, in a vertical orientation, 600 mm wide by 800 mm 
high insulated and non-insulated wall assemblies covered with exterior cladding materials 
applied over various sheathing materials to differing levels of radiant heat ranging from 
15 to 75 kW/m2 from the heater on Forintek’s modified ASTM E 162 surface 
flammability apparatus and determine:

•  thermal conductivity of (heat transfer across) each element in the assemblies, and
•  time required for each cladding, sheathing and structural element in the 

assemblies to ignite.

5.3.4 Evaluate the fire resistance of six to eight small-scale (1.0 m square) wall assemblies 
constructed with wood studs using Forintek’s small furnace and determine:

•  fire endurance of the cladding/sheathing and cladding/sheathing/insulation 
combinations.

Determination o f the fire performance o f selected exterior wall assemblies and finishes using
large-scale tests.

5.3.5 Establish an agreement with IRC which will permit Forintek to have six assemblies tested 
using the large (3.6 m high by 2.7 m wide) radiant panel furnace and three assemblies 
using the ULC-S134 test facility located at the IRC Field Station in Almonte, Ontario.

5.3.6 Based upon the results obtained in 5.2.3, 5.3.3 and 5.3.4, and contemporary building 
practice, construct six wall assemblies 2.4 m high by 1.2 m wide.

5.4 1994/95

5.4.1 Complete 5.3.3, 5.3.4 and 5.3.6.
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5.4.2 Write a paper for publication in a suitable scientific journal describing the results 
obtained in 5.2.3, 5.3.3 and 5.3.4.

5.4.3 Determine the ignition propensity, heat transfer through and relative "degree of 
combustibility" of six full-size wall constructions exemplifying exterior walls of low and 
medium-rise buildings of contemporary combustible construction by evaluating the 
assemblies constructed for 5.3.6 using IRC’s large radiant panel furnace and determine:

•  time to ignition of the exterior cladding,
•  heat transfer across each element of the assemblies, and
•  mass loss rate and heat release by each assembly.

5.4.4 Evaluate three assemblies for fire performance using IRC’s ULC-S134 facility and 
determine:

•  surface flammability
•  heat transfer across each element of the assemblies, and
•  effect of re-radiation from the plume to the cladding above the window opening

5.4.5 In collaboration with IRC scientists, write a paper for publication in a suitable scientific 
journal describing the results obtained in 5.4.3 and 5.4.4.

Technology transfer activities, (see also 5.1, 5.3.1, 5.4.2 and 5.4.5)

5.4.6 Reconvene the task force to review the results of this research program and make 
recommendations on its future direction.

5.4.7 Assess the implications of the results from this research project for Forintek’s Cost/Risk 
Assessment research program.

5.4.8 Based upon the recommendation made by the task force (5.4.6) and the information 
acquired in the initial phase of the project (conclusions in reports for 5.2.2, 5.4.2 and 
5.4.5), compile a new fire safety criteria and in collaboration with Erol Varoglu and 
officials at CWC, develop new design tools for exterior walls and finishes.

5.4.9 Develop a work plan for the next phase of this research program: development of 
improved cladding systems.

NOTE: Depending upon progress made throughout this research program, work items
5.4.3, 5.4.4 and 5.4.5 may not be completed until 1995/96.

5.5 1995/96

5.5.1 Complete 5.4.8
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5.5.2 In collaboration with officials of CWC, make appropriate recommendations to the 
CCBFC regarding revisions to the 2000 NBCC.

5.5.3 Implement the work plan developed in 5.4.8.

5.6 MATERIALS AND CONSTRUCTIONS

Wall assemblies evaluated in this study will be constructed with the following building materials:

•  structural members: eastern white spruce lumber,
western hem-fir lumber,

•  sheathing:

•  insulation:

•  cladding:

oriented strand board (OSB),
Douglas fir plywood,
Dricon FRT plywood 
CSP plywood, 
gypsum board,

proprietary glass-fibre insulation, 
proprietary mineral-fibre insulation, 
proprietary expanded polystyrene insulation,

western red cedar siding, 
proprietary vinyl siding, 
proprietary hardboard siding 
proprietary aluminum siding,
"stucco" on OSB conforming to Section 9.28 of NBCC, and 
proprietary EIFS (exterior insulation and finish systems) product.

NOTE: Although stucco is not a widely used cladding in Eastern Canada, evaluation of
this product will provide the performance data on cementitious coatings and EIFS 
systems that will be needed in later phases of this research program to develop 
new cladding systems.
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6 .0  PROJECTED LABOUR AND FINANCIAL REQUIREMENTS

LABOUR

Fiscal Year Employee Hours
1992/93

J.-C. Havard 25
L.R. Richardson 200
J.R. Mehaffey 15
A.C. Comelissen 15
R.P. Dubois 800
research technologist 350
B. McCuaig 50
M. Stafford 25
A. Manseau 30

1993/94
J.-C. Havard 50
L.R. Richardson 450
J.R. Mehaffey 15
A.C. Comelissen 15
research scientist 25
research technologist 900
P. Lau 10
D.M. Onysko 30
Research Technologist 900
Co-op Student 450
B. McCuaig 45
M. Stafford 25
A. Manseau 30
R. Gosselin 10

1994/95
J.-C. Havard 45
L.R. Richardson 600
J.R. Mehaffey 30
A.C. Comelissen 30
research scientist 35
research technologist 1200
Co-op Student 600
B. McCuaig 45
M. Stafford 22.5
A. Manseau 30
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1995/96
J.-C. Havard 45
L.R. Richardson 600
J.R. Mehaffey 30
A.C. Comelissen 30
research scientist 75
research technologist 300
B. McCuaig 45

6.2 NON-SALARY EXPENSES

Fiscal Year Description
1992/93

Materials and Supplies 
Project Travel 
Equipment Maintenance 
Project Information

Dollar Value

2500
2500
2000
350

1993/94
Materials and Supplies 
Project Travel 
Equipment Maintenance 
Research Consultants 
Project Information

3500
2500
2000
7500
350

1994/95
Materials and Supplies 
Project Travel 
Equipment Maintenance 
Equipment Rental 
Research Consultants 
Project Information

5000
2500
2000
6000
7500
350

1995/96
Materials and Supplies 
Project Travel 
Equipment Maintenance 
Equipment Rental 
Research Consultants 
Project Information

2000
3500
2000
3000
1500
350
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6.3 CAPITAL EXPENSES

1993/94 Construction of fire endurance furnace capable of exposing 1000 mm 
square samples in the horizontal orientation to ASTM E 119 and ISO 834 
time-temperature conditions.
$7500

1994/95 486 "lap-top" computer with software
$6,500

7.0  WORK SCHEDULE AND MILE POSTS

Work Item Start Date Completion Date Deliverable

5.1 Intermittently, throughout each year Meeting Reports

5.2.1&2 October 1, 1992 May 15, 1993 Forintek report to CFS

5.2.2 April 1, 1992 June 30, 1993 Data reported at Task Force meeting 
and in Forintek report to CFS

5.3.1 Feb. 1, 1993 May 30, 1993 Meeting Report

5.3.3 April 1, 1993 June 30, 1994 Data reported in Forintek report to 
CFS

5.3.4 Jan. 1, 1994 June 1, 1994 Data reported at Task Force meeting 
and in Forintek report to CFS

Milestone June 30, 1993 Forintek Managerial Decision: 
CONTINUE PROJECT / END PROJECT / REVISE PROJECT

5.3.5 June 1, 1993 Dec. 1, 1993 Copy of Agreement

5.3.6 Jan. 1, 1994 June 30, 1994 Assemblies constructed

5.4.2 April 1, 1994 Dec. 15, 1994 Draft paper available

5.4.3 July 1, 1994 Nov. 30, 1994 Data reported at Task Force meeting 
and in Forintek report to CFS

5.4.4 July 1, 1994 Nov. 30, 1994 Data reported at Task Force meeting
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and in Forintek report to

5.4.5 Dec. 1, 1994 June 30, 1995 Draft paper available

5.4.6 Aug. 1, 1994 Nov. 30, 1994 Meeting Report

Milestone Nov. 30, 1994 Forintek Managerial Decision: 
CONTINUE PROJECT / END PROJECT / REVISE PROJECT

5.4.7 Sept. 1, 1994 Mar. 31, 1995 Comelissen incorporates 
her reports.

5.4.8 July 1, 1995 to be determined by task force (5.4.6)

5.4.9 June 1, 1994 Nov. 30, 1994 Work Plan available

5.5.2 to be decided later

5.5.3 to be decided later

CFS

material in
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