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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.



SUMMARY

In recent years, a number of well publicized fire incidents have raised serious questions about the levels 
of fire safety afforded Canadians by current NBCC specifications for fire performance of exterior 
cladding materials and spatial separation between buildings.

Spatial separation specifications in the code have a direct impact upon minimum lot dimensions and 
building design and construction. Changes in the code which address issues associated with the fire 
performance of exterior walls could have a significant impact upon future costs of housing in Canada and 
acceptance of wood-frame structural members and combustible sheathing materials (oriented strand board 
and plywood). 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 initiate research studies to look at the fire performance of exterior 
wall assemblies and finishes and the 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. Therefore, in 1992, a comprehensive work plan for a Forintek research 
project to evaluate the fire performance of exterior wall assemblies and finishes on contemporary low-rise 
Canadian buildings and formulate new fire-safety-design criteria for these assemblies was written and is 
available on file.

The primary aspects to be addressed in this, the first year of the project, were a problem 
analysis/literature review and determination of the ignition propensity, and for wood-based materials, rate 
of charring of building products commonly used in the construction of exterior walls of wood-frame 
buildings. However, a number of things occurred which resulted in postponement of much of the work 
that had been planned for 1993/94.

Strategies have been proposed for 1994/95 which should overcome the delays in 1993/94 and Forintek 
will continue the work outlined in the 1992 work plan. Employment of a new fire scientist and plans to 
hire a new construction engineer will permit Forintek to commit more resources to this project. To 
compensate for the "down-time" and reduced efficiency resulting from the Eastern Laboratory’s move to 
new facilities in Quebec and the relocation of Forintek’s Fire Research Group to other facilities within the 
Ottawa area, Forintek has endeavoured to schedule as much of the large-scale NRC fire tests for this 
transition year thereby reducing the overall amount of laboratory testing Forintek will need to carry out 
in-house in 1994/95. l
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1.0 OBJECTIVES

1.1 Project

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

To formulate new fire-safety-design 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.

1.2 1993/94

Establish a task force of industry personnel and others to review and assess this research program.

Determine the ignition propensity and rate of char formation for building materials (claddings, sheathings, 
framing members and insulations) commonly used in construction of exterior walls of low and medium- 
rise buildings.

Determine ignition propensity and heat transfer through small-scale wall assemblies exemplifying exterior 
walls of low and medium-rise buildings of contemporary combustible construction.

Evaluate the fire resistance of six to eight small-scale (0.6 m square) wood-frame wall assemblies.

Establish an agreement with the National Research Council 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 NRC Field Station in Almonte, Ontario.

2.0 BACKGROUND

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 Research Council of Canada (NRC) 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 
of Canada 1990 (NBCC) are based upon the observations and measurements made during those "St 
Lawrence Burns". Because both American and British researchers also participated in the "St Lawrence 
Burns", 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:
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•  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.

•  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 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 
building codes, including 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 burns 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), scientists at NRC initiated a research 
program to:

•  revisit the original "St Lawrence burns" 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 NRC research program could have a significant 
impact upon future costs of housing in Canada. In addition, NRC’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 NRC 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.
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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 NRC) research studies to look at the Fire 
performance of exterior wall assemblies and finishes and the 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 American Forest and Paper Association (AFPA) to boost  ̂
Japanese acceptance of wood-frame buildings and enhance the export wood products to Asia, the AFPA’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.

3.0 STAFF

L.R. Richardson Project Leader
Research Scientist

Miguel Batista 

J.-C. Havard 

B. McCuaig

Research Technologist 

Department Manager 

Department Secretary

4.0 PROGRESS (April 1993 to March 1994)

This report highlights accomplishments in the first year of a long-term research program (five or more 
years to complete) studying three 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, and

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

In 1992, a comprehensive work plan for the complete project was written and it is available on file. The 
primary aspects to be addressed in this, the first year of the project, were a problem analysis/literature 
review and determination of the ignition propensity, and for wood-based materials, rate of charring of 
building products commonly used in the construction of exterior walls of wood-frame buildings.
However, a number of events intervened to cause the postponement of much of the work that had been 
planned for this project in 1993/94. Forintek’s was unable to find suitable candidates to fill vacant fire- 
scientist and fire-testing technologist positions. The technologist’s position was crucial to this project. 
The vacant scientist’s position required Forintek to reorder priorities to fulfil contractual requirements for
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a collaborative research project between Forintek and NRC for the determination of fire-resistance and 
sound-transmission-class ratings for generic wood-frame assemblies protected by gypsum board. 
Consequently, determination of ignition propensity and rate of charring of building materials did not start 
until September, following the employment of a fire protection engineering technologist, Miguel Batista.

Because the commencement of this project was delayed for six months, establishment of a task force of 
industry personnel and others to review and assess this research program was postponed until 1995/96.

The convergence of two events, important new findings coming from a research project investigating fire- 
resistance and sound-transmission-class ratings for generic wood-frame wall assemblies and the 
publication schedule for the 1995 edition of the NBCC, mandated that Forintek postpone completion of 
the problem analysis/literature review of the fire performance of exterior walls until April.

Significant progress was made in studies of the ignition propensity of building materials used in 
construction of exterior walls. Methods used in these studies were described in detail in the work plan. 
Currently, analysis of the resulting data is being carried out for a scientific paper to be submitted for 
publication by next December.

Before commencing the tests of complete assemblies rather than the individual components of the 
assemblies, it was necessary to establish fire endurance criteria for the structural members in wood-frame 
exterior walls. Because rate of char formation in wood framing is critical to fire resistance of loadbearing 
assemblies, this necessitated identification of charring rates for those timber species commonly used in 
North American building construction. To this end, a literature survey was carried out. Appendix 1 
contains of list of the pertinent information discovered in that survey. Since there were serious gaps in 
the published information about this subject, Forintek commenced small-scale char studies on small 
specimens of red oak and spruce-pine-fir lumber. The former was chosen in order to relate the results 
from these studies to previously reported data: the latter because of its widespread use in wood-frame 
construction. The procedures used are described below.

To carry out one-dimensional charring studies, a special specimen holder was constructed for Forintek s 
small-scale fire endurance furnace. It was designed so as to expose only the centre area on one face of 
each test specimen to the fire conditions within the furnace while protecting all five other faces on each 
specimen. Test specimens, 38 x 38 x 89 mm, and 38 x 89 x 241 mm were exposed to controlled 
conditions of heat and flame for varying lengths of time and then the depth of char formation and mass 
loss were measured. In addition, small holes were drilled on one face of each of the larger test 
specimens. The depths of these holes were such that 3.2 mm, 6.4 mm and 12.7 mm of wood remained 
between the bottom of the holes and the opposite face of each specimen. Using thermocouples inserted 
into each hole, the temperature of the wood at the bottom of each hole was measured while the opposite 
face of each specimen was exposed to the conditions within the furnace. Three fire exposures were used.

•  ASTM E 119 time-temperature exposure,
•  500°C, and
•  750°C.

Both clear wood specimens and specimens with knots were examined in each of the three grain directions 
flat, edge and end grain.

Analysis of the data is currently under way. Typical results for oak specimens subjected to 500°C (fire) 
exposure are illustrated in Figures 1 and 2.
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Agreement in principle was reached with scientists at the NRC for a collaborative research agreement 
entailing large-scale fire testing of specimens for this project. The tests will include exposure of 
assemblies to radiant heat from the large (3.6 m high by 2.7 m wide) radiant panel furnace at the NRC 
Field Station in Almonte, CAN/ULC-S101 fire resistance tests and CAN/ULC-S134 tests. Forintek will 
provide "services in kind" (materials, technical advice, and related testing services), and financial support 
to NRC. The tests will be carried out by NRC personnel using NRC facilities. The first of these tests, 
exposure to a large radiant heat source, will commence in the Spring.

5.0 FUTURE STRATEGY

Forintek will continue the work on this research project outlined in the 1992 work plan. The recent 
employment of Hisa Takeda to fill the vacant fire-scientist position and Forintek’s intention of hiring a 
new construction engineer should permit Forintek to commit more resources to this project and get it back 
on schedule. "Down-time" and reduced efficiency resulting from the Eastern Laboratory’s move to new 
facilities in Quebec and the relocation of Forintek’s Fire Research Group to other facilities within the 
Ottawa area will undoubtedly have negative implications for this project. Also, while Forintek was able 
to fill the fire-testing technologist research position, the employment of Batista was for two six-month 
terms. If further delays in the project are to be avoided, the technologist position must remain staffed.
To off-set these factors, Forintek has endeavoured to schedule as many of the large-scale NRC fire tests 
as possible for this transition year thereby reducing the overall amount of laboratory testing Forintek will 
need to carry out in-house in 1994/95.
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APPENDIX I 
LITERATURE SURVEY 

WOOD CHAR FORMATION

Burning Rate o f Solid Wood Measured in a Heat Release Rate Calorimeter
H.C. Tran and R.H. White
Fire and Materials 16, 197-206 (1992)

Flux Redwood SYP Red Oak Basswood
kW/m2
17.5 .58 .44 .42 .68
25 .71 .61 .52 .78
37.5 .79 .70 .61 1.09
50 .96 .81 .77 1.15

Charring Rate o f Wood For ASTM E 119 Exposure 
R.H. White and E.V. Nordheim 
Fire Technology. 28 (1),5 1992

Analytical Methods for Determining Fire Resistance o f Timber Members 
R.H. White, US Forest Products Laboratory 
SFPE Handbook of Fire Protection Engineering 
Section 3/Chapter 8, 3-130-3-142 (1990)

quote - Schaffer for ASTM E 119 exposure of Douglas fir: 0.6 mm/min

quote - British Code of practice for Structural use of Timber:
0.83 mm/min Red cedar
0.5 mm/min Oak
0.66 mm/min SPF & Hem-fir

Charring Rates o f Different Wood Species 
R.H. White, US Forest Products Laboratory 
U. of Wisconsin PhD Thesis (1988)

Structural Fire Design: Wood
E.L. Schaffer
US Forest Products Laboratory Research Paper 450 (1982) 

ASTM E 119 coast Douglas fir 0.62 mm/min
southern pine 0.76 mm/min
white oak 0.53 mm/min

Wood-Based Paneling as Thermal Barriers 
R.H. White
US Forest Products Laboratory Research Paper 408 (1982)
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Charring Rate o f Selected Woods - Transverse to Grain 
E.L. Schaffer
US Forest Products Laboratory Research Paper FPL 69 (1967)

Review o f Information Related to the Charring o f Wood 
E.L. Schaffer
US Forest Products Laboratory Research Note 0145 (1966)

ASTM E 119 white oak .58 mm/min
white pine .69
red oak .79
birch .86
sugar maple .90
SYP 1.09
Douglas fir .65
spruce .85

The Charring o f Wood During Exposure to Thermal Radiation: Correlation Analysis fo r Semiinfinite Solids
F.M. Sauer
US Forest Service
Interim T.R. AFSWP-868 (1956)

The Performance o f Wood in Fire 
H.O. Fleischer
US Forest Products Laboratory 
5^ World Forestry Congress

ASTM E 119 Exposure SPF and Hem-fir 0.5-0.85 mm/min

Modelling Heat and Mass Transfer in Wood Structures During Fire 
B. Fredlund
Fire Safety J., 20 39-69 (1993)

ISO 834 wood? .9 mm/min

Timber Structures and Fire - A review o f the existing state o f knowledge and research requirements 
R. Jonsson and O. Pettersson 
Swedish Council for Building Research 
Document D 3:1985

ISO 834 Pine .6-1.2 mm/min

Contribution to Fire Resistance from Building Materials
B.J. Noren and B. A-L Ostman
Swedish Institute for Wood Technology Research

ISO 834 birch plywood (UF) .66 mm/min
hardboard (47 pcf) .85 mm/min
hardboard (56 pcf) .58 mm/min
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spruce plywood (32 pcf) .80 mm/min 
particle board (44 pcf) .67 mm/min

The Effect o f Low Concentration Fire Retardant Impregnations on Wood Charring Rate and Char Yield 
R.M. Nussbaum
Swedish Institute for Wood Technology Research
J. Fire Sciences 6, 4290-307 (1988)

Flux Pine
kW/m2
30 .65
50 .69
60 .75

Response o f Building Components to Heating in a Fire
A.M. Kanury and D.J. Holve
J. of Heat Transfer 101 365-370 (1979)

Rate o f Burning o f Wood 
A.M. Kanury
Combustion Science and Technology, 5, 135-146 (1972)

Rate o f Charring Combustion in Fire 
A.M. Kanury, Factory Mutual Research Corp.
14* Symposium (International) on Combustion (1972)

A Rationalized Model for Calculating the Fire Endurance o f Wood Beams
E.G. King and R.W. Glowinski
Forest Products Journal 38, 10 31-36 (1988)

A Method for Assessing the Fire Resistance o f Laminated Timber Beams and Columns 
T.T. Lie
NRCC-DBR Paper 718 (1977)

A Study o f Wood Morphology and Microstructure in Relation to its Behavior in Fire Exposure 
J.B. Zicherman
U of California - Forest Products Laboratory 
Report FRG 78-14 (1978)

alcohol flame Douglas fir .61-,81 mm/min
Hemlock .76-1.21 mm/min

Stability in Fire o f Protected and Unprotected Glued-Laminated Beams
K. Imaizumi
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Norwegian Institute of Wood Working and Wood Technology (1962)

Standard Tests and Calculation o f Fire Resistance in Timber
W.J.B. Ollis, TRADA
Municipal Engineering 14, 1213-1214 (1968)

Fire Resistance Tests o f Laminated Timber Beams
G.S. Hall
TRADA Research Report WT/RR/1 (1968)

B.S.476 time/temperature curve (1953)
European Whitewood .73 mm/min
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