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SUMMARY

In recent years, a number of well publicized fires have raised serious questions about the levels of fire safety - 
afforded Canadians by current National Building Code of Canada (NBCC) specifications for fire performance 
of exterior cladding materials and spatial separation between buildings. Spatial separation requirements 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. CAN/ULC-S134 Standard Method of Fire Test o f Exterior Wall 
Assemblies is used in Canada to assess fire propagation by cladding systems on exterior facades of buildings. 
However, recent studies demonstrated that fire spreads further and faster near re-entrant corners on buildings 
facades than on simple planar walls. The facade described in CAN/ULC-S134 does not have a re-entrant 
corner. Model building codes in the United States provide specifications regarding ignitability of cladding 
materials on exterior walls. The test procedure used to determine compliance with those requirements was 
chosen because it utilizes the commonly accepted threshold for ignition of wood products. However, design 
weaknesses in the test equipment and loose tolerances in the test method result in most wood cladding materials 
being found unacceptable.

To address the problems described above, in 1992 Forintek initiated a long-term research project to develop 
new fire-safety design criteria for exterior wall assemblies and finishes, and to identify appropriate methods 
for assessing fire-safety performance of claddings on exterior facades of buildings. This report describes 
progress achieved in that research program in 1996/97.

Noteworthy accomplishments in 1996-97 included the following.
•  A paper entitled “Assessing Fire Performance of Claddings Using the ICAL (Intermediate-Scale 

Calorimeter)” was presented at the 23rd International Conference on Fire Safety - Materials for  
Increased Fire Safety. A version of that paper was submitted for publication in Fire and Materials.

•  Scientists from the National Research Council Canada (NRC) carried out two fire tests that combined 
the CAN/ULC-S134 test method with a 90° re-entrant comer. The facade in both tests was W ' thick 
fire-retardant-treated fir plywood provided by Forintek. Forintek was provided one copy of a report 
entitled “Exterior Wall Fire Exposure of Fire Retarded Plywood” which had been prepared for 
Forintek by NRC, and video tapes showing the tests from two different perspectives. Forintek 
scientists also observed the tests and prepared an internal report of their observations. An article 
entitled “STANDARDS UPDATE - TC92 progresses towards a standard on facade assemblies”, by 
Kuma Sumathipala of NRC (now AWC), was published in Fire and Flammability Bulletin.

•  Forintek was provided one copy of a report entitled “ASTM E 1623-94 Test Method for Determination 
of Fire and Thermal Parameters of Materials, Products and Systems Using and Intermediate Scale 
Calorimeter (ICAL) - Plywood, FRT Plywood, Gypsum, Oriented strand board, Redwood, and 
Spruce” which had been prepared for the American Wood Council (AWC) by Omega Point 
Laboratories.

•  Fire scientists from a number of organizations including Forintek met in December to develop 
strategies for promoting acceptance of ASTM E 1623 for assessing the fire-safety performance of 
cladding materials. Following a review of the results of ASTM E 1623 tests carried out for Forintek 
and AWC, it was recommended that Forintek and AWC, in collaboration with a number of non-wood 
material interests, fund additional testing to demonstrate that ASTM E 1623 ignitability and heat- 
release-rate measurements could define the fire-safety performance of claddings.
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1.0 OBJECTIVES

To develop fire safety design criteria for the exterior wall assemblies and finishes on Canadian buildings.

2.0 BACKGROUND

2.1 Canadian Background

2.1.1 Canadian Code Requirements

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 those buildings were burned, scientists from 
the National Research Council 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 fire-exposure protection for buildings in the National Building Code of Canada 1995 
(NBCC) are based upon observations and measurements made during those "St Lawrence Burns". Because 
both American and British researchers also participated in the "St Lawrence Burns", most American and 
European building code specifications regarding spatial separations between buildings and 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 cladding on the exterior facade 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 
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 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 
cladding and exterior facades of buildings from combustible materials on the ground around the 
perimeter of the building.

2.1.2 Recent Developments

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
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the destruction of thousands of houses in Southern California, and highlighted the failure of building codes, 
including the NBCG, to properly address issues associated with the threat of a fire from combustible 
materials around the perimeters of buildings. Finally, building materials and construction methods have 
changed significantly since the 1950's when the St Lawrence burns were carried out. In 1950, most 
residential buildings were low-rise structures with brick, stucco or wood siding. Today, more than seventy 
percent of new, low-rise residential structures have aluminum, vinyl or hardboard siding. Many have 
polystyrene foam insulation installed directly under the cladding to conserve energy. The facades of many 
contemporary high-rise buildings are covered with exterior insulation systems or light-weight modular 
panels with foamed-plastic cores and thin-metal skins. Consequently, serious doubts have been raised 
about the levels of fire safety afforded Canadians by the current NBCC specifications for fire performance 
of exterior cladding materials and spatial separation between buildings. Therefore, the Canadian 
Commission on Building and Fire Codes (CCBFC) asked scientists at NRC to:

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

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

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

2.2 American Background

2.2.1 Cladding Ignitability Requirements in U.S. Model Codes

Exterior-insulation-finish systems (EIFS) are a relatively new type of exterior cladding for buildings. They 
are composed of a thin (usually 3-4 mm thick) cementitious envelop around an expanded-polystyrene-foam 
(P.S.) or semi-rigid rock-fibre insulation core. Besides shielding buildings from the weather, the EIFS' 
cementitious envelop is intended to prevent the combustible core in these claddings from igniting when 
exposed to radiant heat from fire in an adjacent structure. For a number of years, building officials were 
reluctant to approve EIFS for structures in densely built-up neighbourhoods because they feared the fire 
performance of these products. However, after intense lobbying from the Exterior Insulation 
Manufacturers Association (EIMA), two of the three American model building codes now provide 
specifications regarding ignitability of cladding materials on exterior walls. The test that is used to identify 
cladding systems that can be used safely when the spatial separation between adjacent structures is the 
minimum allowed by the codes was developed for EIMA by Fisher Research and Development Inc. It 
exposes an 8-ft by 4-ft test specimen exemplifying the entire exterior wall assembly to a 3-ft by 3-ft gas- 
fired radiant panel producing an average 12.5 kW/m2 heat flux over the one-foot square central area of the 
specimen. Both model codes consider wood cladding acceptable for low-rise residential structures.
Because the threshold for ignition of wood products is commonly thought to be 15 kW/m2, both codes 
specified that exterior wall assemblies not ignite when exposed to the 12.5 kW/m2 flux for 20 minutes.

2.2.2 Deficiencies in Test Method

When Fisher designed the prototype for this apparatus, a decision was made to utilize a gas-fired planar 
radiant panel in order to reduce costs and complexity. However, one outcome from this design 
configuration is that the heat flux pattern upon the surface of the test specimen is not uniform. To get 
around this problem, Fisher decided to define a minimum heat flux value for the central one-foot square of 
the test specimen and permit a higher heat flux to occur at the geometric centre of the test specimen. 
Calibration test results are considered acceptable if:
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•  at the corners of the central one-foot square of the calibration specimen, the average heat flux is 
12.5 (±0.5%) kW/m2, and

•  at the geometric centre of the calibration specimen the heat flux is 13.9 (±7%) kW/m2.

Because of these design weaknesses in the test equipment and the "looseness" (11.9 to 14.9 kW/m2) of the 
tolerances on irradiance in the test method, test specimens can be exposed to heat fluxes exceeding the 
threshold for ignition of wood. Consequently, although the 12.5 kW/m2 irradiance had been selected by 
code authorities because it was below the commonly accepted threshold for the ignition of wood, test 
results demonstrate that wood claddings can ignite in this test. To circumvent this problem, both model 
building codes exempted wood claddings from having to comply with the 12.5 kW/m2 ignition criterion. 
However, if legal action were to be initiated by manufacturers of other cladding materials, it is believed 
that the courts would declare the exemption for wood products to be discriminatory. Therefore, it is 
expected that future changes in the codes will remove wood's exemption. While a test exposure level of 
12.5 kW/m2 would be tolerable for wood products, the very broad tolerances on irradiance render Fisher's 
test method unacceptable to the wood industry.

2.3 International Background

2.3.1 Origins

Two fires in high-rise buildings near Sao Paulo Brazil in the 1970's demonstrated that fire can spread over 
the facades of these type of buildings with disastrous consequences. While requiring the facades of high- 
rise buildings to be of noncombustible construction would be the easiest way to prevent these fires, the 
inclusion of combustible components in exterior cladding systems is necessary to meet insulation, rain-
screening and other performance properties. Therefore, a test capable of discriminating between the safe 
and unsafe use of combustible components in exterior cladding systems was needed. In Canada, 
Underwriters’ Laboratories of Canada developed CAN/ULC-S134 Standard Method of Fire Test o f Exterior 
Wall Assemblies to assess flame spread on facades of buildings. Combustible components are permitted to 
be used on buildings required to be of noncombustible construction by the NBCC provided flaming on or in 
the wall does not spread more than 5-m above the opening and the heat flux on the wall 3.5-m above the 
opening is not more than 35 kW/m2 when subjected to testing in conformance with CAN/ULC-S134. 
Recently, studies demonstrated that fire spreads further and faster near re-entrant comers on buildings 
facades. The facade described in CAN/ULC-S134 does not have a re-entrant corner.

2.3.2 Development o f ISO Test Method

In 1996, ISO/TC92/SC1/WG7 on Facades and Sandwich Panels initiated work to develop an ISO full-scale 
test method to evaluate fire propagation properties of facades. They focused upon a joint 
Canadian/German proposal based on CAN/ULC-S134 and a 90° re-entrant corner. To demonstrate the 
effectiveness of this joint proposal, NRC carried out two demonstrations of the proposed test method at 
their facilities in Almonte, Ontario. The facade covering used in the tests was fire-retardant-treated 
plywood provided by Forintek.

2.4 Forintek's Strategy

Spatial separation specifications in the NBCC have a direct impact upon minimum lot dimensions and 
building design and construction. Therefore, the consequences from revisiting the "St Lawrence bums" 
data and current requirements in the NBCC for fire-exposure protection of exterior walls of buildings in the 
building code, could have a significant impact upon future costs for housing in Canada. In addition, the
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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 could be 
challenged. It is even possible that future changes to the Code could result in additional restrictions on the 
use of wood-frame structural members in the exterior walls of buildings. Therefore, 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.

Because of the ancillary impact that Canadian studies would have on building codes in the United States, 
the potential problems resulting from the three model codes in the United States adopting Fisher’s test 
method for determining the ignitability of claddings, and the opportunity to enhance exports markets for 
wood products in Japan by ISO development of a suitable test for discriminating between the safe and 
unsafe use of combustible components in exterior claddings, the American Wood Council (AWC), through 
the North American Wood Products Fire Research Consortium (NAWPFRC), urged Forintek to carry out 
this research project.

The original plan for this research project proposed that Forintek would initiate a collaborative research 
agreement with NRC. Under that agreement, 1.2 m by 2.4 m wall assemblies would have been tested 
using a large (3.6 m high by 2.7 m wide) radiant panel furnace at NRC's facilities in Almonte, Ontario. In 
addition, Three to five cladding systems would have been evaluated according to CAN/ULC-S134 at 
NRC’s Almonte laboratory. However, as this project went along, those plans were adjusted in order to 
also address the American and international issues.

First, Forintek decided to investigate the feasibility of evaluating the performance of 1.2 m by 2.4 m wall 
specimens using ASTM E 1623 Standard Test Method for Determination o f Fire and Thermal Parameters 
of Materials, Products, and Systems Using an Intermediate Scale Calorimeter (ICAL). While the ICAL test 
method has many commonalities with both Fisher's test method and the large radiant furnace test method 
developed by NRC, it has advantages over both. It is less expensive to construct and operate than the NRC 
radiant furnace, heat fluxes range from 12 to 50 kW/m2 with the ICAL, and the heat-flux profile over the 
surface of test specimens is much more uniform. Most importantly, exposure of test specimens to the 
ICAL's wide range of heat fluxes permits determination of the "critical flux for ignition". In this 
technique, times to ignition of samples exposed to a wide range of irradiances bracketing the "critical flux" 
are measured, and the "critical flux" is then determined by graphical extrapolation. By using ASTM E 
1623, Forintek would obtain the data needed to develop new fire-safety-design criteria for the exterior 
walls of Canadian buildings and, at the same time, determine if ASTM E 1623 would be a suitable 
alternative to Fisher's ignitability test method. Finally, the ICAL would provide the heat-release rate, 
mass-loss rate and other data for fire modelling being carried out by Forintek and other NAWPFRC 
members.

This course of action had an additional attraction to Forintek. Forintek invested heavily in development of 
the concept of degrees of combustibility and was the key player in establishment of a Canadian test 
standard for determining degrees of combustibility of materials. Forintek, CWC and AWC see ASTM E 
1623 as an extension of Forintek's original concept since it could determine the "degrees of combustibility" 
for assemblies. When the NBCC becomes a fully performance-based code in 2001, the wood industry will 
have to demonstrate that wood-frame building assemblies comply with the fire-safety objectives of the 
code. "Degrees of combustibility" of both materials and assemblies are some of the "tools" that will be 
used.
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Currently, there are no E 1623 calorimeters in Canada. Therefore, Forintek established a collaborative 
agreement with The Western Fire Center Inc. (WFC) in Kelso, Washington to evaluate the fire performance 
of fourteen 1 m by 1 m and four 1.2 m by 2.4 m exterior wall designs using an ICAL. Because of the 
American interest in this part of the project, an ancillary agreement was established between Forintek and 
AWC whereby AWC agreed to assist Forintek in funding the work carried out by WFC in return for access 
to copies of WFC's test results. At the same time, AWC established a collaborative agreement with Omega 
Point Laboratories (OPL) in San Antonio, Texas to evaluate the fire performance of six building materials 
using an ASTM E 1623 calorimeter. AWC agreed to provide Forintek with copies of OPL's test results.

In light of recent research demonstrating that fire spreads further and faster near re-entrant corners on 
buildings facades, Forintek agreed to collaborate with NRC in the two demonstrations of the joint 
Canadian/German test method which combined CAN/ULC-S134 and a 90° re-entrant corner. The facade 
covering in these two tests was provide by Forintek.

3.0 STAFF

L. R. Richardson Project Leader
Research Scientist

J.A. Shields Program Manager

M. Batista Research Technologist

M. Caron Office Manager

4.0 PROGRESS (April 1996 to March 1997)

This report highlights accomplishments in the fourth year of a five-year research program 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.

4.1 Progress - ASTM E 1623 ICAL Evaluation of Claddings

As noted, in the March 1995 and March 1996 Progress Reports, WFC carried out tests on fourteen 1 m by 
1 m and four 1.2 m by 2.4 m exterior wall designs using an ASTM E 1623 calorimeter. The assemblies 
evaluated by WFC are listed below.
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DESIGN DESCRIPTION OF SPECIMENS
NUMBER CLADDING/SHEATHING

1 EIFS (thin coat, mineral wool core) 2-1 m x 1 m

2 EIFS (thin coat, 2" expanded P.S.) 2-1 m x 12 m

3 EIFS (thin coat, 1" expanded P.S.) 12-1 m x 1 m

4 EIFS (thick coat, 2" extruded P.S.) 2-1 m x 1 m

5 EIFS (thin coat, 4" expanded P.S.) 2-1 m x 1 m 
6-1.2 m x 2.4 m

6 EIFS (thin coat, 1 " isocyanurate) 2-1 m x 1 m

7 EIFS (thin coat, no insulation) 2-1 m x 1 m

8 5/8" exterior gypsum board 18-1 m x 1 m 
6-1.2 m x 2.4 m

9 5/8" Douglas fir plywood 18-1 m x 1 m 
6-1.2 m x 2.4 m

10 PVC siding 2-1 m x 1 m

11 particleboard - painted (latex) 2-1 m x 1 m

12 OSB - painted 2-1 m x 1 m

13 Factory finished hardboard siding 18-1 m x 1 m 
6-1.2 m x 2.4 m

14 Cedar siding 2-1 m x 1 m

Although it took somewhat longer than was originally planned in order for WFC to carry out the tests, they 
were completed in March, 1996. A copy of the WFC report, was appended to the March 1996 Progress 
Report. There were two reasons for WFC’s delay in completing the tests. The first was that it took much 
longer than expected to obtain the EIFS specimens, and once they were obtained, the cementitious coatings 
on those specimens required an extremely long period of time to "cure". The other reason the work took 
longer than expected to complete was that in the course of the tests, a number of deficiencies in the ASTM 
E 1623 test method were uncovered. Most of them were related to the "hot-wire" specimen ignition 
system. Consequently, a number of changes were made to the test method.

OPL carried out tests for AWC on six 1 m by 1 m specimens of building materials using an ASTM E 1623 
calorimeter. The materials evaluated by OPL are listed below:

•  15.9-mm gypsum board sheathing,
•  lA ” DRICON fire-retardant-treated Southern yellow pine plywood,
•  nominal 1x6 white spruce lumber,
•  xh"  OSB,
•  lA Southern yellow pine plywood, and
•  Nominal 1x6 California redwood lumber.
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In September, 1996, a “draft” copy of the OPL report was provided to Forintek. A copy of that report can 
be found in Appendix 1.

The data from both the WFC and OPL ICAL tests were analysed and in January, 1997, a paper entitled 
“Assessing Fire Performance of Claddings Using the ICAL (Intermediate-Scale Calorimeter)” was 
presented at the 23rd International Conference on Fire Safety - Materials for Increased Fire Safety. A 
version of that paper has been submitted for publication in Fire and Materials. A copy of the paper can be 
found in Appendix II. The most significant conclusion outlined in that paper was the following:

“....assessment of time to ignition, peak heat release rate, and total heat release by 
specimens exposed to a radiant heat flux of 50 kW/m2 for twenty minutes could be used to 
assess fire performance of exterior claddings, (and)....that the ICAL permits measurement 
of those characteristics on specimens that incorporate finish details, joints, attachments and 
support structure.”

In collaboration with officials from CWC, AWC, and WFC, Forintek has prepared proposals for 
submission of ASTM Committee E05 on Fire Standards outlining revisions to ASTM E 1623 which correct 
those deficiencies in the standard which were identified by WFC’s tests. Those changes will be submitted 
in June, 1997.

Partially as a result of this research, in June, 1996, efforts to develop Fishers test method into an ASTM 
standard for determining ignitability of claddings were abandoned. Nevertheless, the three model codes in 
the United States continue to recognize a similar National Fire Protection Association standard.

A meeting was held in New Orleans, Louisiana, in December, 1996, which brought together fire scientists 
from Forintek, CWC, AWC, WFC, OPL, Southwest Research Institute (SwRI), and GBH International to 
discuss strategies for promoting acceptance of the ASTM E 1623 calorimeter for assessing the fire-safety 
performance of cladding materials. Following a review of the results of the tests carried out for Forintek 
and AWC by WFC and OPL, it was recommended that Forintek and AWC, in collaboration with a number 
of non-wood material interests, fund additional testing to demonstrate that ignitability and heat-release-rate 
measurements, carried out using the ICAL, could define the fire-safety performance of claddings. Testing 
would be carried out by WFC, OPL and SwRI. GBH International, a fire-safety consulting company 
located near San Francisco would coordinate the testing. The cost for these tests would be $75 000 (US), 
with each of the five partners contributing one-fifth of that amount. If non-wood material interests decline 
to participate, Forintek and AWC agreed that each would fund some supplemental testing of claddings at 
WFC and OPL. That work would not start before April, 1997.

4.1 Progress - ISO/TC92 Test Development

In September, 1996, NRC carried out two tests that combined the CAN/ULC-S134 test method with a 90° 
re-entrant corner. The facade in both tests was xh"  thick DRICON fire-retardant-treated Douglas fir 
plywood. In October, 1996, NRC delivered to Forintek a “draft” copy of their report on these tests, and 
video tapes showing the tests from two different perspectives. A copy of that report can be found in 
Appendix III. A copy of an article entitled “STANDARDS UPDATE - TC92 progresses towards a 
standard on facade assemblies”, by Kuma Sumathipala of NRC (now AWC), which was published in the 
January 1997 edition of Fire and Flammability Bulletin can be found in Appendix III. Also, a report of the 
observations made by Forintek scientists during the fire tests carried out by NRC can be found in Appendix 
III.
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DRICON-treated plywood was used as the facade covering in these tests because, while it is classified as a 
combustible material, it is accepted for use on buildings required to be of noncombustible construction by 
the NBCC. These tests demonstrated that the maximum heat flux onto the facade, 3.5-m above the 
“window” opening and 400-mm from either side of the re-entrant corner, reached approximately 40 
kW/m2. Temperatures 3.5-m above the opening reached approximately 575°C. While the plume of fire 
had extended more than 7-m above the window on several occasions during the test, burning of plywood on 
the facade had extended no more than 4.25-m above the window. All plywood for a distance of about 30- 
m above the window had burned away and had fallen to the floor as char. The fire had spread laterally 
about 300-mm outward from that side of the window opposite to the re-entrant corner. The fire had spread 
laterally the full 1.2-m width of the sidewall.

As a result of these demonstration tests, ISO/TC92/SC1/WG7 has recommended that ISO ballot the joint 
German-Canadian proposal. The ISO proposal has the following features:

Specimen height above window opening: 4-m

Specimen width: 3-m main wall and 1.2-m wing wall

Specimen area above window: 7 m2

Window size: 

Fuel load:

Test duration:

Measurements for regulatory purposes:

2.0-m wide and 1.2-m high

Simulation of post flashover compartment fire with 
55 kW/m2 flux 0.5-m above window opening

25 minutes ( 5-minutes heating, 15 minutes full 
exposure, and 5 minutes extinguishment)

Heat flux and temperature 3.5-m above window 
opening

5.0 CONCLUSIONS AND 1997/98 WORK PLAN

This Forintek project will continue in 1997/98. By May, 1997, Forintek will have initiated agreements for 
additional ICAL tests on claddings. The scope of those tests will depend upon the willingness of non-wood 
material interests to also participate in this work. By October, 1997, Forintek scientists will write a 
scientific paper outlining new design criteria for exterior wall assemblies and finishes, and present the 
conclusions of the paper at a suitable conference sometime in 1998. Forintek scientists, in collaboration 
with officials of CWC and AWC, will continue to transfer the results of this research project to officials in 
the wood industry, building design, construction and regulation communities and to fire researchers. This 
technology transfer aspect will be aided by the move of Kuma Sumathipala from NRC to AWC. 
Sumathipala had been the NRC scientist responsible for research on fire-safety of exterior walls buildings. 
He was also Canada’s representative on ISO TC92/SC1/WG7. In November, 1996, he resigned from NRC 
to become Manager of Fire Technology for AWC.

The United Kingdom's Building Research Establishment, Cardington Large Building Test Facility (LBTF) 
is the largest building-research facility in the world (3000 m2 of floor space). It was created to investigate 
all aspects of "whole buildings" for European building codes. They constructed an eight-storey steel-frame 
building typical in design of a commercial office block within the LBTF and carried out numerous “full-
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scale” or “real-scale” fire tests on that structure. In collaboration with various European organizations and 
government research organizations, LBTF will be constructing a seven-story wood-frame (platform 
construction) building within the LBTF (unlike Canada, there are no height restrictions on combustible 
buildings in the UK). Once it is built, they will carry out various static, dynamic and thermal non-
destructive trials on the building. Finally, they will carry out a series of destructive full-building fire tests 
(assuming each one in the series is successful and the building does not burn to the ground during any of 
the tests). Because this structure provides a unique opportunity to investigate a number of fire-performance 
issues related to exterior facades of combustible buildings, Forintek intends to extend this research project 
in order to permit the Canadian wood industry to join this BRE program and look at the performance of 
exterior cladding systems in full-building fire scenarios.
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Abstract

Specimens of Gypsum board, Plywood, FRT Plywood, Redwood, 
Spruce, and Oriented strand board submitted by American Forest 
and Paper Association and identified as "Exterior gypsum board,” 
"FRT plywood," "Redwood lumber," "White spruce lumber," 
Untreated plywood, and Oriented strand board" were tested in 

accordance with ASTM E1623-94. Details of the actual procedure 
used, including any modifications to the standard method, and a 
complete summary of the test results are contained in the body of 
this report. These materials were tested at external heat fluxes of 
35 and 50 kW I m2.

The description of the test specimen and the results presented herein i 
true and correct to the best of our knowledge ^ind within the bounds 
normal engineering methods and techniques.

Manuel Rocha III 
Fire Test Technologist

Arthur F. Grand, Ph. D. 
Director of Research

Approved By:
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INTRODUCTION

The tests described herein were conducted in accordance with ASTM E1623 
Standard Test Method for Determination of Fire and Thermal Parameters 
of Materials, Products and Systems Using an Intermediate Scale 
Calorimeter (ICAL). Brief descriptions of the apparatus and method will be 
provided herein; a complete description may be obtained only from the 
current version of the standard.

The results of this test method are based on the observation that the net heat 
of combustion of most materials is directlytfrelated to the amount of oxygen 
required for combustion. The relationship ^Approximately 13.1 x 103 kJ of 
heat released per kg of oxygen consumed/ 'S eam ens in the test are burned 
in a vertical configuration in am bienjt^r, ^vEile being subjected to a 
predetermined external heat flux, vfhi&rcaln be set from 0 to approximately 
60 kW/m2. Flaming is induced by a^hoj^vêife ignition source. The primary 
measurements are oxygen conGqntration^n the exhaust duct and exhaust 
gas flow rate, from which-JjjS^A rVlèase rate is calculated. Additional 
measurements include the rate of the specimen; optical smoke
values and carbon monoxideSffilHg^arbon dioxide concentrations in the duct; 
and observations of time .to lgnuffin and other b u rn in g  characteristics.

Results of the test are expressed in terms of time to ignition; peak, average 
and total heat release rates; mass loss and mass loss rate; effective heat of 
combustion; visible smoke development; and release rates of carbon 
monoxide and carbon dioxide.

This standard should be used to measure and describe the properties of 
materials or products in response to heat and flame under controlled 
laboratory conditions and should not be used to describe or appraise the fire 
hazard or fire risk of materials, products, or assemblies under actual fire 
conditions. However, results of this test may be used as elements of a fire 
risk assessment which takes into account all of the factors which are 
pertinent to an assessment of the fire hazard of a particular end use.

IV sc* ?PROCEDURE

In this test method, a radiant panel assembly comprising 18 propane-fired 
ceramic heating elements creates a flat radiant energy source 
approximately 1.5 m square. The specimen is positioned at a pre-
determined distance from the radiant source in order to provide an 
irradiance level up to 60 kW/m2 over the 0.846 m2 exposed surface area of
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the one meter-square specimen. The specimen is positioned vertically, 
positioned on a load cell in order to measure mass loss continuously during 
the test. Specimens up to 150 mm (6 in.) thick can be easily accommodated. 
Two hot wire ignition sources are provided, one each at the top and bottom 
of the specimen in order to induce flaming combustion, when appropriate.

The products of combustion from the specimen are collected in a 3 m x 3m 
(10-ft. x 10 ft.) exhaust hood, with a 0.61 m (24 in.) diameter duct wherein 
the concentration of oxygen is continuously measured. The depletion in 
oxygen from that of normal air (20.95 percent), along with the measured 
exhaust flow rate (which may be adjusted between about 1 and 3.5 m3/s) and 
temperature, are used to calculate the heat release.^te of the specimen as 
a function of time. The density of the smoke prodiiœd by the specimen is 
measured by attenuation of a beam of light from,a whfte,light source. The 
extinction coefficient (similar to optical density)^ iscalculated from the 
percent transmittance (%T). Specific Extinction Area (SEA) is then 
calculated from the extinction coefficient u^ing'the measured velocity of the 
exhaust duct and the mass loss of t&Nspecimen. Carbon monoxide and 
carbon dioxide concentrations are^èqihmjiously measured in the duct.

DESCRIPTION AND PREPARAT^CffloF TEST SPECIMENS

The test specimens were conditioned and prepared for testing in 
accordance with the requirements described in the standard, unless 
otherwise indicated herein.

Specimens submitted by: American Forest and Paper Association 
Date received: December 11,1995 
Dates tested: June 24-26,1996 
Types of materials:

Sample ID Description of Specimen
Exterior gypsum board 5/8" exterior gypsum board
FRT plywood 1/2" fire retardant treated Southern yellow pine 

plywood.
Redwood lumber 1" x 6" redwood flooring.
White spruce lumber 1" x 6" white spruce lumber.
Untreated plywood 1/2" Southern yellow pine plywood.
Oriented strand board 1/2" oriented strand board.

s
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Description and size:
Sample Specimen

I.D.
Size 
(m) *

Thickness
(mm)

Exterior gypsum board Gypsum l x l 16
FRT plywood FRT-SPP l x l 12
Redwood lumber Redwood l x l 19
White spruce lumber Spruce l x l 17
Untreated plywood SPP l x l 11
Oriented strand board OSB l x l 11
* The edge frame reduces the effective exposed surface area of the specimen to 

approximately 0.85 m2.

Specimen preparation and mounting method: St
a metal frame assembly, backed with ceramic .fi 
silicate board. '  *lvl

TEST RESULTS

Results from these tests are 
parameters are presented in Appe

The anomalies in the mass loss 4 
10 (SPP) are due to a portion o£,th

crimens were mounted in 
er blanket and calcium

rized "in table. Plots of key

ir Runs No. 8 and 13 (OSB) and No. 
crimen falling out of the holder and off

of the weighing platform near the end of the prescribed test period.
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Summary of ICAL Test Results

Client: American Forest & Paper Association Omega Point Project No. 15475-99307
Specimens: FR treated southern pine plywood, exterior gypsum wallboard, oriented strand board, 

redwood lumber, untreated southern pine plywood, white spruce lumber 
Mounting: Vertical

Specimen
__LP,:.(a) ..

ICAL Run 
No.

Ext. Ht. 
Flux, 

kW/mA2
Tig,

s

1 st Peak 
HRR, 

kW/mA2

Time to 
Peak, 
min.

2nd Peak 
HRR, 

kW/mA2

Time to 
Peak, 
min

THR,
MJ

Eff. He, 
M J/kg

Initial
Mass,

kg

Mass
Loss,

kg

Mass
Loss,

%

FRT-SPP 99307-09 35 139 81.3 3.0 153.2 8.9 47.0 15.7 3.79 2.99 78.9
FRT-SPP 99307-16 50 294 46.6 3.7 205.8 C 73 ^  51.7 16.6 3.94 3.12 79.2
FRT-SPP 99307-17 50 140 95.4 2.7 223.1 52.7 16.3 3.83 3.23 84.3

Gypsum 99307-15 50 ni 54.7 7 . W

i

) i .r — -

)

54.1 57.6 4.85 0.94 19.4

OSB 99307-08 35 148 172.0 3.1 '6 '  9.5 64.7 20.4 3.31 3.17 95.8
OSB 99307-13 50 88 182.5 2.4

/
^ 3 .6/ 89.2 27.2 3.45 3.28 95.1

Redwood 99307-06 35 228 82.3 4.1 114.8 Z 4/
/ . I I  .0
•. /  y 
8.7

37.0 18.4 4.59 2.01 43.8
Redwood 99307-18 50 49 156.3 1.0 168.4 82.7 25.8 4.58 3.20 69.9

SPP 99307-10 35 148 159.9 3.4 214.8 /  7 6 .5 23.4 3.14 3.01 95.9
SPP 99307-14 50 36 112.3 1.0 192.7 10.8 <* .-79.1 23.1 4.15 3.43 82.7

Spruce 99307-07 35 143 113.1 2.5 125.0 14.9 21.6 9.7 4.16 2.22 53.4
Spruce 99307-12 50 25 135.2 2.4 152.0 10.7 82.0 27.1 4.01 3.03 75.6

ABBREVIATIONS:
Tig Time to ignition

HRR Heat Release Rate
THR Total Heat Released

Eff. He Effective Heat of Combustion
ni No ignition

a) FRT-SPP: FR treated southern pine plywood 
Gypsum: Exterior gypsum wallboard 
OSB: Oriented strandboard 
Redwood: Redwood lumber 
SPP: Untreated southern pine plywood 
Spruce: White spruce lumber
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2 3 rd IN T E R N A TIO N A L  CO NFERENCE O N FIRE SA FETY  
Materials for Increased Fire Safety  
January 16, 1996  
San Francisco, CA

ASSESSING FIRE PERFORMANCE OF CLADDINGS 
USING THE ICAL (INTERMEDIATE-SCALE CALORIMETER)

L.R. Richardson
Building Systems Department - Fire, Forintek Canada Corp.
Suite 4100 , Carleton Technology Training Centre, 1125 Colonel By Drive, Ottawa, Canada K1S 5FS1

A number of highly publicized fires have called into question the many provisions in the National 
Building Code of Canada (NBCC) for protection of exterior walls of buildings from the effects 
of fire. Therefore, Forintek Canada Corp. initiated a research program to revisit the building 
code's requirements for protection of exterior walls of buildings from effects of fire, develop 
new fire-safety design criteria for exterior walls of buildings, and identify appropriate methods 
for assessing fire performance of claddings for facades of buildings. This paper discusses the 
latter subject, and demonstrates how the ASTM E 1623 intermediate-scale calorimeter (ICAL) 
might be used to evaluate fire performance of claddings on facades of buildings.

INTRODUCTION

During construction of the St Lawrence Seaway in the 1950's, a number of towns near the 
existing shoreline had to be expropriated and demolished. The National Research Council 
Canada (NRC) used those abandoned buildings for a series of fire-research experiments. 
Commonly known as the S t Lawrence Burns [1,2], those experiments provided the basis for 
almost all requirements in the National Building Code of Canada (NBCC) [3] related to protection 
of exterior walls of buildings from effects of fire. Those requirements are based upon the 
follow ing assumptions [4]:

•  the threat to claddings on facades of a building from fire w ith in the structure venting 
through unprotected openings in the exterior walls of that building is more severe than 
that from fire in an adjacent building. Consequently, acceptance criteria for combustible 
claddings permitted on buildings required to be of noncombustible construction are 
based upon the hazard of fire w ith in the building venting through a window opening,

•  fire spreads from one building to an adjacent structure because of radiation of heat from 
the burning building to the adjacent structure. The source of the radiation is the area 
of windows or other openings in the burning building plus the area of flame above the 
lintels of those openings. Code specifications regarding the proxim ity of buildings to 
adjacent property lines are intended to inhibit that mechanism of fire spread,
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•  fire-resistive building construction can inhibit fire w ith in a building from penetrating the 
exterior walls and igniting claddings on the exterior facade of the building,

•  building codes furnish requirements for construction of buildings. They do not regulate 
the environment in which the building is situated. Therefore, the building code does not 
consider threats to claddings on facades of buildings from combustible materials around 
the perimeter of those buildings.

In spite of requirements in the NBCC for protection of exterior walls of buildings from effects 
o f fire , in recent years there have been a number of fires in high-rise buildings in which the 
prim ary mechanism of fire spread was by "leap-frogging" from w indow opening to window 
opening upwards along the exterior facade of the structures. A series of wildland/urban- 
interface fires in the United States highlighted the failure of building codes, including the NBCC, 
to properly address issues associated with the threat of fire from combustible materials around 
the perimeters of buildings. Building materials and construction practices have changed 
significantly since the St Lawrence burns were carried out. Therefore, Forintek Canada Corp. 
initiated a research program to revisit the building code's requirements for protection of exterior 
walls of buildings from effects of fire, develop new fire-safety design criteria for exterior walls 
of buildings, and identify appropriate methods for assessing fire performance of claddings on 
exterior walls of buildings. This paper discusses the latter subject, and specifically, use of the 
ASTM E 1623 intermediate-scale calorimeter (ICAL) [5] to assess fire performance of claddings.

Currently, exterior non-loadbearing wall assemblies that include combustible components may 
be used in Canadian buildings required to be of noncombustible construction, provided those 
wall assemblies, when evaluated in accordance w ith CAN/ULC-S134 Standard M ethod o f Fire 
Test o f Exterior Wall Assemblies [6], meet acceptance criteria specified by the NBCC. This test 
method subjects cladding systems to conditions representing the exposure resulting from post- 
flashover fires in a compartment venting through a 1.4-m high by 2.5-m wide "w indow ” 
opening and impinging upon the facade above the w indow. The 6-m wide exterior-wall 
specimen extends at least 7-m above the top of the window. The test method does not assess 
fire performance of framing details for w indows, doors or other openings that may be used in 
combination with the facade covering. Also, the test does not assess effects of an interior fire 
migrating through an exterior wall. To be accepted, flaming on or in the wall assembly may not 
spread more than 5-m above the w indow opening, and heat flux upon the specimen, when 
measured 3 .5-m above the opening, may not be more than 35 kW /m2. Because of the size of 
the facility required to carry out these tests, and specimen size, these tests are extremely costly 
to perform.

In the United States, tw o  model building codes contain requirements regarding ignitability of 
cladding materials on exterior walls [7 ,8 ]. The premise of each is that radiant heat transfer 
from a fire in one building should not ignite combustible architectural trim , veneer, or exterior 
facades on adjacent buildings. Exterior walls of buildings designed according to those building 
codes lim it radiant heat transfer to  adjacent structures to 12.5 kW /m2 or less, that being the 
com monly accepted threshold-flux for piloted ignition of wood. Accordingly, both codes 
specify that cladding materials on exterior wall assemblies must not ignite when exposed to a 
12.5 kW/m2 radiant heat flux for 20 minutes. The test that is used to identify cladding systems 
which comply w ith this requirement was developed for the Exterior Insulation Manufacturers
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Association (EIMA) by Fisher Research and Development Inc. [9]. It exposes a 1.22-m wide by 
2.44-m  high test specimen exemplifying the entire exterior wall assembly to a 0.91-m by
0 .9 1 -m gas-fired radiant panel producing an average 12.5 kW /m2 heat flux over the central 
300-mm by 300-mm area of the test specimen. When Forintek started to look at alternative 
test methods for assessing fire performance of exterior cladding materials, we found several 
appealing aspects to this test. While the size of test specimens is relatively small, it is large 
enough to  be representative of the overall wall construction including finish details, joints, 
attachments and support structure. Costs associated w ith these tests are modest, compared 
to CAN/ULC-S134 tests. We also identified several deficiencies associated w ith the test 
method, the most serious being that the specified heat flux was not representative of that on 
exterior facades of buildings from post-flashover fires w ithin the buildings venting through a 
w indow . Furthermore, the test apparatus could not be modified to increase the radiant flux 
onto test specimens much beyond 20 kW /m 2.

At the National Research Council Canada (NRC), Igor Oleszkiewicz devised a large-scale radiant 
heat apparatus [10]. That test method exposes 1.22-m wide by 2.44-m high test specimens 
to the radiant heat from a 3.6-m high by 2.7-m wide propane-fired radiant panel. Because test 
specimens are mounted on a load cell and the products of combustion are collected by a hood 
system mounted above the test specimens, heat-release and mass-loss rates could be 
measured. Although specimen size in the NRC test method is the same as that in the 
ignitability test method referenced by the tw o American model codes, costs associated with 
the NRC test method are somewhat higher. Also, the maximum radiant heat flux to which test 
specimens can be exposed by the NRC test method is about 35 kW /m 2. Again, this was 
considered too low to be representative o f that on exterior walls from post-flashover fires 
w ith in  buildings venting through a w indow.

Several years ago, Forintek devised a test method for quantifying the com bustib ility of building 
materials [11]. The method was based upon the ASTM E 1354 cone calorimeter [12] and rates 
that building materials release heat when exposed to a radiant flux of 50 kW /m2. A t that time, 
the degrees of combustibility of several cladding materials including an exterior insulation finish 
system were investigated. While the test method was adopted in Canada for determination of 
the degree of combustibility of building materials [13], Forintek concluded that the cone 
calorimeter is not suitable for assessing the overall fire performance of claddings on facades of 
buildings. The effects of finish details, joints, attachments and support structure on fire 
performance simply cannot be examined using the cone calorimeter's 100-mm by 100-mm test 
specimens.

Having rejected the test methods described above, Forintek next investigated the ASTM E 1623 
intermediate-scale calorimeter. This test method is designed to measure rate of heat release 
by 1-m square test specimens exposed to radiant heat from a 1.54-m wide by 1.33-m high gas- 
fired radiant-panel assembly. Specimens can be exposed to heating fluxes up to 50 or 
60 kW /m2 using this equipment. The ICAL is less expensive to construct and operate than the 
larger NRC radiant furnace. While the size of test specimens specified in the ASTM E 1623 test 
method is smaller than those in the NRC test or the ignitability test method referenced by the 
tw o  American model codes, there appeared to be no reason that finish details, joints, 
attachments and support structure could not be accommodated by 1-m square test specimens. 
In the rare cases when those details could not be included in 1-m square specimens, there
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appeared to be no reason that 1.22-m by 2.44-m specimens could not be used. Furthermore, 
exposure of test specimens to the ICAL's wide range of heat fluxes would permit determination 
of the "critical flux for ignition". In this technique, times to ignition of samples exposed to a 
range of heat fluxes bracketing the "critical flux" are measured, and the "critical flux" 
determined by graphical extrapolation. Finally, the ICAL provides information about heat-release 
rates, mass-loss rates, and other data required for modelling fire growth [14,15]. Because there 
is no ASTM E 1623 ICAL in Canada, Forintek established an agreement w ith The Western Fire 
Center, Inc. in Kelso, Washington to evaluate the fire performance of several exterior wall 
assemblies.

TESTING PROGRAM__________________________________________________________________

All tests were carried out at the Western Fire Center, Inc. under the supervision of 
Dr J. Urbas [16].

Table 1 describes the test specimens evaluated in this study.

EIFS test specimens were provided by the Exterior Insulation Manufacturers Association. The 
specimens duplicated, as closely as possible, tw o EIFS products that were tested during 
development of ElMA's ignitability test method. Prior to testing, EIFS specimens were cured 
for 90 days and conditioned at 23 ±2°C  for 30 days.

The fo llow ing modifications were made to the ASTM E 1623 test method:
•  A t lower heat fluxes, it appeared that the stream of "pyrolysis gases" was not flow ing 

over the ignition wire when positioned as described in the ASTM standard. Therefore, 
the lower hot-wire igniter was placed 250 mm above the bottom edge, and 1 5 mm from 
the exposed face of each specimen.

•  In order that the convective flow  of hot gases along the faces o f 1-m square test 
specimens would be similar to that along the faces of 1.22-m by 2.44-m test 
specimens, the space between the floor of the test facility and the bottom of each 1-m 
by 1-m test specimen was filled w ith a calcium silicate panel. The panel was in the 
same plane as the test specimen.

•  Calibration procedures in the ignitability test method referenced by the tw o  American 
model codes require the surface of the heat-flux meter to be flush w ith the exposed 
surface of the calibration panel. Consequently, the meter is exposed to both radiant and 
convective heat (total heat-flux measurement). In order to reproduce those calibration 
conditions for these tests, the surface of the heat-flux meter used for calibration of the 
equipment was flush w ith the surface of the calibration panels.

•  During tests of 1.22-m by 2.44-m specimens, a spark igniter was placed 1 5-mm in front 
of the geometric center of the specimens. This replicated the test method developed 
by Fisher.
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Table 1: Test Specimens

Number Number of 
Specimens

Specimen Size Specimen Description Framework

1 12 1-m x 1-m proprietary EIFS1 - 25-mm polystyrene foam 
insulation core w ith thin cementitious 
envelop.

18 ga. steel studs and channels

2 2 1-m x 1-m proprietary EIFS - 100-mm polystyrene foam 
insulation core w ith thin cementitious 
envelop.

18 ga. steel studs and channels

3 3 1.22-m x 2.44-m proprietary EIFS - 100-mm polystyrene foam 
insulation core with thin cementitious 
envelop.

18 ga. steel studs and channels

4 18 1-m x 1-m 15.9-mm exterior gypsum sheathing board nominal 2x4 wood studs

5 19 1-m x 1-m nominal 5/s" T1-11 plywood nominal 2x4 wood studs

6 18 1-m x 1-m proprietary factory finished hardboard siding nominal 2x4 wood studs, Vi " 
OSB sheathing, TYVEKR vapor 
barrier, and glass-fibre insulation

7 2 1-m x 1-m western red cedar siding (bevel) with 
commercial stain

nominal 2x4 wood studs, Vi" 
OSB sheathing, TYVEK” vapor 
barrier, and glass-fibre insulation

Exterior-insulation-finish systems (EIFS) are a type of exterior cladding for buildings. They are composed of a thin (usually 3-4 mm thick) 
cementitious envelop around a polystyrene foam or semi-rigid rock-fibre insulation core. Besides shielding buildings from the weather, the 
cementitious envelop prevents the system's combustible core from igniting when exposed to radiant heat from fire in an adjacent structure.
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Ignition times for specimen numbers 4, 5 and 6 were determined when each was exposed to 
radiant heat fluxes of 12.5, 15, 20, 25, 30, 35, 40, 45, and 50 kW /m 2. Ignition times for 
specimen number 1 were determined when exposed to radiant fluxes of 12.5, 15, 20, 30, 40, 
and 50 kW/m2. Ignition times for specimen numbers 2, and 7 were determined when each was 
exposed to  a radiant heat flux of 12.5 kw /m 2. Ignition times for specimen number 3 were 
determined when exposed to radiant heat fluxes of 12.5, 15 and 20 kW /m2

When specimens ignited during the tests, heat-release rates and related values used in fire 
modelling were determined. Ignitability tests were terminated after 21 minutes.

RESULTS AND DISCUSSION

Table 2 shows the times to ignition when test specimens were exposed to various heat fluxes. 
Triplicate tests were carried out at 35 kW /m 2 on plywood specimens. In every other case, 
duplicate tests were performed.

Table 2: Times to ignition

Specimen
Number

Time to ignition (s)

12.5 15 20 25 30 35 40 45 50
kW/m2 kW/m2 kW/m2 kW/m2 kW/m2 kW/m2 kW/m2 kW/m2 kW/m2

1 Nla/NI NI/NI Nl 59 56 51
121b 75 62 55

4 NI/NI NI/NI NI/NI NI/NI NI/NI NI/NI NI/NI NI/NI NI/NI

5 NI/NI NI/NI Nl 495 284c 83 92 71 52
694 420 126 155 77 295° 42

298

6 NI/NI NI/NI NI/NI 930 619 489c 351 291 251
763 468 169 444 278 241

3 Nl Nl Nl

2 NI/NI

7 NI/NI
a - specimen did not ignite during 1260 s of testing
b - specimen warped towards the radiant panel, came into contact with the hot-wire igniter

and ignited
c - ignition occurred at the top or side of the test specimen and flames gradually spread over 

the exposed surface of the test specimen

No specimens ignited when exposed to a flux of 12.5 kW /m 2 for 21 minutes. Therefore, if the 
only acceptance criterion for exterior cladding systems was that they not ignite when exposed 
to  a 12.5 kW /m 2 radiant heat flux for tw enty minutes, then all of these claddings would be 
acceptable. EIFS Specimen No. 1, exterior gypsum board and plywood had been evaluated by 
Fisher during development of ElMA's ignitability test method. The three materials met 
acceptance criterion o f the tw o  model codes which reference that ignitability test.
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Urbas speculated that the inconsistent times for ignition of hardboard and plywood specimens 
exposed to heat fluxes between 20 and 40 kW /m 2 were due to non-uniform convective flow  
of combustion gases along the outside edges of test specimens.

By plotting (1/tig)055 versus heat flux, 
where t jg is the time to ignition, it 
was determined that the critical flux 
for ignition o f plywood specimens 
was 13.3 kW /m 2.

Because neither Specimen 1 (EIFS) 
nor Specimen 6 (hardboard siding) 
behaved as thermally thick materials, 
a method devised by Janssens [17], 
and based upon the fit  of a third 
order polynomial to the plot of 
( 1 / t ig)°55 versus heat flux, was 
employed to determine the critical 
fluxes for ignition of those 
specimens. The critical flux for 
ignition of hardboard specimens was 
5.7 kW /m 2. The critical flux for 
ignition of EIFS specimens was 
9.9 kW /m2.

Figure 1 : Critical Flux for Ignition

Hardboard
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Figure 3: Critical Flux for Ignition 

EIFS Specimens

they are composite 
the ignitability of EIFS 
upon several factors.

These include conductive heat 
transfer through the cementitious 
outer skin causing melting of the 
polystyrene foam insulation core, 
development of fissures in the outer 
skin perm itting leakage of the 
molten plastic to the outer surface, 
and finally, ignition of the molten 
polystyrene on the surface of, or in 
pools below the EIFS-clad assembly.
Previous research by this author 
demonstrated that EIFS w ith  thicker 
cementitious envelopes protecting 
the ir polystyrene foam core would 
not ignite when exposed to a radiant 
flux  of 50 kW /m 2 for fifteen
minutes. Those tests were carried out in conformance w ith CAN/ULC-S135.

0.1334

Heat Flux (kW/m2)
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Figure 4: Heat Release (50 kW/m2)
As previously noted, times for 
ignition of hardboard and plywood 
specimens exposed to heat fluxes 
between 20 and 40 kW /m 2 were 
inconsistent. In some cases, ignition 
occurred along the top or outside 
edges of the test specimens. Then, 
flames would gradually spread over 
the exposed surface of the
specimen. Consequently, rates of 
heat release by those specimens 
were also inconsistent. This is 
illustrated in Figures 4 though 6.
It should be noted that problems 
associated w ith convective flow  of 
hot gases along the face o f vertical 
specimens, and inconsistent ignition 
of specimens, were encountered 
during development of the cone 
calorimeter. To minimize those 
effects, the commentary to ASTM 
E 1354 recommends that whenever 
possible, testing be carried out in 
the horizontal orientation, and at a 
heat flux that is substantially higher 
than the minimum needed for sustained 
flaming.

Plywood
50 kW/m2

Figure 5: Heat Release (35 kW/m2) 

Plywood

Figure 6: Heat Release (25 kW/m2

As previously noted, the space 
below each 1-m by 1-m test 
specimen was filled w ith a calcium 
silicate panel. It had been expected 
that this deviation from the ASTM 
standard would minimize variations 
in the flow  of combustion gases 
along the face of test specimens.

Plywood
25 kW/m2

If variations in the flow  of
combustion gases along the face of test specimens were a problem during these tests, there 
is little  reason to  believe it is not a problem in tests carried out according to procedures 
developed by Fisher and referenced by tw o model building codes in the USA.

Figures 7 and 8 show rates of heat release by EIFS assemblies (Specimen 1) and hardboard 
cladding (Specimen 6) exposed to a radiant heat flux of 50 kW /m 2. Figures 9 through 12 
illustrate mass losses by those assemblies, as well as by the plywood and exterior gypsum 
board (Specimen 4) assemblies exposed to 50 kW/m2. The peak rate of heat release by exterior

8



gypsum board was less than 40 kW /m2. Gypsum board assemblies did not release any heat 
after the first 200 seconds. Nevertheless, as shown in Figure 12, gypsum board assemblies 
continued to lose weight throughout the tests. This was probably free and chemically-bound 
water in the gypsum. The average weight loss during the first 600 s of tests on gypsum board 
was 5.5 percent of the gross weight of the specimens.

Because the total mass of polystyrene-foam insulation in EIFS specimens is relatively small, 
compared to the overall mass of the system (foam-plastic core and cementitious envelop), the 
total mass loss by these systems was relatively small. The average weight loss during the first 
600 s of tests on EIFS specimens was 5.9 percent of their gross weight.

The rates of heat release by EIFS specimens are directly dependent upon rates that melted 
polystyrene is able to leak to the surface through fissures in the cementitious envelop.

Peak heat release rates and tota l amounts of heat released by gypsum board, EIFS, plywood, 
and hardboard specimens during the first 600 s of exposure to a radiant heat flux of 50 kW /m 2 
are shown in Table 3.

Table 3: Peak Heat Release Rate and Total Heat Release (50 kW/m2 for 600 s )

Specimen Peak heat release rate 
kW/m2

Total heat release 
MJ/m2

Exterior gypsum board 28 4.6

EIFS 138 21

Plywood 218 44.8

Hardboard 166 36.4

Tests were not carried out on cedar siding at radiant fluxes greater than 12.5 kW /m2 because 
there was no reason the suspect that those specimens would perform differently from plywood 
specimens. Similarly, tests were not carried out on EIFS w ith 100-mm thick foam-insulation 
cores (Specimens 2 and 3) at radiant fluxes greater than 20 kW /m 2 because there was no 
reason the believe that the ignition propensity or rates of heat release by those specimens 
would be significantly different from those of EIFS specimens w ith 25-mm thick foam-insulation 
cores (Specimen 1).

The American Forest and Paper Association obtained ASTM E 1623 test results for both fire- 
retardant-treated and untreated Vi-inch southern-yellow-pine plywood exposed to a flux of 
50 kW /m 2 [18]. Ignition times, peak heat release rates, and to ta l amounts of heat released 
during fifteen minutes of testing are shown in Table 4. Treatment of wood w ith fire-retarding 
chemicals inhibits ignition. However, once ignited, there is little  difference between peak heat 
release rates for treated and untreated wood. Reductions in tota l heat release by fire-retardant- 
treated wood are directly related to its delayed ignition and the subsequent delay in reaching 
its peak heat release rate. CAN/ULC-S134 tests carried out by Oleszkiewicz at NRC 
demonstrated that fire-retardant-treated plywood complies w ith the NBCC's acceptance criteria 
for use of combustible claddings on buildings required to be o f noncombustible construction.

9



Figure 7: Heat Release (50 kW/m2) 

EIFS Specimens
50 kW/m2

Figure 9: Mass Loss (50 kW/m2) 

EIFS Specimens

Time (s)

Figure 11: Mass Loss(50 kW/m2)

Plywood
50 kW/m2

Figure 8: Heat Release (50 kW/m2)

Hardboard 
50 kW/m2

Figure 10: Mass Loss (50 kW/m2)

Hardboard 
50 kW/m2

Figure 12: Mass Loss (50 kW/m2)

Exterior Gypsum Board
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Table 4: Ignition Time, Peak Heat Release Fate and Total Heat Release (900 s )

Southern-yellow-pine
plywood

Ignition time 
s

Peak heat release rate 
kW/m2

Total heat release 
IVU/m2

fire-retardant-treated 217 45/205“ 52

untreated 36 110/195“ 75
a - There are tw o peak heat-release rates associated with burning wood. The first results from 
flam ing combustion and occurs immediately after ignition. The second peak results from char 
oxidation and occurs a considerable length of time after ignition. The magnitudes of both peaks 
are listed.

CONCLUSIONS_______________________________________________________________________

As previously discussed, it is assumed in the NBCC that the most severe threat to claddings on 
exterior facades of buildings is from fire w ith in the structure venting through w indows in the 
exterior walls of those buildings. Scientists at NRC found that the "to ta l" heat flux upon 
claddings immediately above the top of w indows is typically 100 kW /m 2, depending upon the 
magnitude of the fire within the compartment, window area, and ratio of w idth to height of the 
w indow . A t the same time, they noted that full-scale fire tests carried out using their 
CAN/ULC-S134 test facility demonstrated that a fire exposure of 40 to 50 kW /m 2, averaged 
over at least fifteen minutes and measured 1.5 m above the top o f the w indow, could 
discriminate between wall assemblies w ith differing flame-spread propensities [19]. The 
research outlined in this paper indicates that assessment of time to ignition, peak heat release 
rate, and tota l heat release by specimens exposed to a radiant heat flux of 50 kW /m2 for 
twenty minutes could be used to assess fire performance of exterior claddings. Furthermore, 
it was demonstrated that the ICAL permits measurement of those characteristics on specimens 
that incorporate finish details, joints, attachments and support structure.

It was not the purpose of this paper to put forward new performance criteria for claddings on 
facades o f buildings. It would be futile to try  to do so using only the results of tests on four 
materials. However, test results described here demonstrate that it should be possible to 
develop new performance criteria based upon tests carried out using the ICAL and a radiant- 
heat exposure o f 50 kW /m2 for tw en ty minutes.

Forintek Canada Corp. would like to thank its industry members, Natural Resources Canada (Canadian 
Forestry Service), the Provinces o f British Columbia, Alberta, Ontario, Quebec, Nova Scotia and New  
Brunswick, and the American Forest and Paper Association, for their guidance and financial support for this 
research. In addition, Forintek wishes to thank the Exterior Insulation Manufacturers Association for 
providing the EIFS specimens used in this research.

The author wishes to thank Rodney McPhee o f the Canadian Wood Council for his valuable advice and 
guidance throughout the research program described in this paper, and Joe Urbas and the Western Fire 
Centre for performing the research described in this paper.
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Introduction

Two tragic fires in high rise buildings near Sao Palo in the 1970’s demonstrated that fire 
can spread over a facade with serious consequences. Building codes, therefore, require 
facades to be of non-combustible construction. Inclusion of combustible components in 
exterior cladding assemblies is, however, necessary to meet insulation, rain screen, and 
other performance properties. A test method that discriminates the safe and unsafe use of 
combustible components in the exterior cladding assembly can be used to overcome strict 
non-combustibility requirements. Such a test method should asses the performance of an 
assembly in simulated real-life fire conditions. Many countries have developed their own 
test methods for such evaluations. The Canadian test method, developed by the Institute 
for Research in Construction, was standardized in 1992 as CAN/ULC S-134 - “Standard 
Method of Fire Test of Exterior Wall Assemblies". This standard stipulates a fire
exposure intensity at the simulated window opening in terms of total heat flux to the 
facade specimen at 0.5 and 1.5 m above the opening as 45 and 27 kW/nr, respectively.

Recently, the International Organization for Standardization (ISO) initiated work to 
develop a full-scale test method to evaluate facade fire propagation aspects. The 
Canadian test method is a serious contender for ISO standardization. The Canadian test 
method requires a flat facade to be subject to test. The ISO version will, however, require 
a facade specimen with a 90° re-entrant comer. This modification is commensurate with 
recent research that indicated a re-entrant comer to produce significantly higher fire 

exposures than a flat facade.
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Test Specimen

The ISO Facade task group met in Ottawa in late September 1996. To demonstrate the 
fire intensity of the Canadian proposed method, fire retarded plywood was chosen as the 
test specimen. The test material was supplied courtesy o f Forintek Canada Corporation 
and had the following stamped on them. The attached data are self explanatory.

UNDERWRITERS’ LABORATORIES
OF CANADA LISTED

TREATED PLYWOOD
FORM 50 ISSUE NO. 24C

CLASSIFIED AS TO SURFACE BURNING 
CHARACTERISTICS IN ACCORDANCE WITH THE 

STANDARD CAN 4-S102.

CLASSIFICATION OR RATING
MATERIAL F U M E  SMOKE FUEL
DETAILS SPREAD DEVELOPED COHTRIIUTED

SOUTHERN 
YELLOW  PINE "

DOUGLAS HR* 

REDWOOD*

15
15
5

10
15
10

0
5
5

* M  TEST OF 3 0  M K  DURATION. RAME SPREAD NOT OVER EQUIVALENT 
OF 23 AND NO EVSENCE OF SIGMFICANT PROGRESSIVE COMBUSTION.

HICKSON Interior Type
Pressure Treated By 

Trent Timber Treating Inc. 
Peterborough, Ontario

Fi re Retardant Treatetf Wood,
HICKSON BUILDING PRODUCTS LTD; 

MISSISSAUGA, ONTARIO
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1 .2 m x 1 0.3m win

window,detail exposed

K -
6.3 m

10.3m

Full-Scale Exterior Wall Assembly 
Specimen with a ’Wing’ Wall at 0 m 
from Window Opening
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Figure 1: Fire compartment temperatures
September 11,1996 Treated plywood



Figure 2: Temperature at 7 m above the top of window opening
September 11,1996 Treated plywood



Figure 3 : Temperatures at top of window opening
September 11,1996 Treated plywood



Figure 4 : Facade temperatures along centre of window opening
September 11,1996 Treated plywood



Figure 5 : Facade temperatures at 0.5 m above window opening on main facade and wing wall
September 11,1996 Treated plywood



____ Heat flux on main wall at 3.5 m above window - in line with centre of window
........ Heat flux on main wall at 3.5 m above window - 400 mm from corner joint
____ Heat flux on wing wall at 3.5 m above window - 400 mm from corner joint

Figure 7 : Facade heat fluxes at 3.5 m above window opening 
September 11 ,1996  Treated plywood



Figure 8 : Radiant heat fluxes 3.0 m in front of the centre of window opening 
September 11 ,1996  Treated plywood
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replace halon in electronic and telecommunica-
tions equipment rooms.

This project has defined the functional require-
ments of a multi-task, computer-based control 
system for water-mist suppression technology.
A conceptual system, IntelMist, that combines 
‘intelligent’ fire detection and water-mist fire 
suppression has been developed, and further 
work is underway to assemble a working sys-
tem. (An intelligent system is able to locate the 
fire and apply fire suppression only where needed).

Full-scale and fire-suppression experiments 
were conducted in floor cable plenums and sur-
rounding overhead cable trays to determine the 
water-mist characteristics needed to extinguish 
the fires with a minimum quantity of water. The 
research demonstrated that a water-mist sys-
tem can be used to suppress fires in electrical 
and electronic equipment in a manner that will 
minimize water damage, if the system is care-
fully engineered. The fire-test data were ana-
lyzed for unique “fire signatures”. Current con-
trol technology was then reviewed to determine 
an appropriate signal processing logic that 
would make correct decisions using these signa-
tures. Researchers determined that the key sys-
tems logic decisions to be made included 
whether or not to alert, inspect, shut down 
power, and control or shut down ventilation; 
select suppression zones and identify whether 
the water-mist should be “on” or “off’.

IRC is currently discussing the formation of a 
partnership with water-mist equipment manu-
facturers, manufacturers of intelligent detection 
systems and potential users to develop a proto-
type system.

For further information contact, Dr Joseph Su, 
NRCC, IRC, Ottawa, Ontario, Canada K1A 
0R6. Tel: +1 613 993 9616; Fax: +1 613 954 
0483; e-mail: joseph.su@nrc.ca

source: Construction Innovation, Vol 2, No 2 
1996

STANDARDS UPDATE
T C 9 2  p r o g r e s s e s  to w a r d s  a  
s ta n d a r d  o n  fa c a d e  a s s e m b lie s

Two tragic fires in high rise buildings near San 
Paulo in the 1970’s demonstrated that fire can 
spread over facades with serious consequences. 
Building codes, therefore require facades to be 
of non-combustible construction. Inclusion of 
combustible components in exterior cladding 
assemblies is however, necessary to meet insu-
lation, rain screening and other performance 
properties. A test method that discriminates the 
safe and unsafe use of combustible components 
in exterior cladding assemblies can be used to 
overcome strict non-combustibility require-
ments. Such a test method should assess the 
performance of an assembly in simulated real 
life fire conditions. Some countries including 
Canada, have developed test methods for such 
evaluations. The Canadian test method, devel-
oped by the Institute for Research in 
Construction, National Research Council 
Canada (NRCC), was standardised in 1992 as 
CAN/ULC S-134 “Standard Method of Fire Test 
of Exterior Wall Assemblies”.

Recently, ISO initiated work to develop a full- 
scale test method to evaluate fire propagation 
properties of facades. A task group was formed 
in 1995 to draft an ISO standard. The group 
narrowed potential test methods to three meth-
ods proposed by Canada, Germany and Sweden 
respectively. The major differences between the 
methods were the type, size and position of the 
ignition sources. All three methods contained a 
facade specimen with a 90" re-entrant corner. 
The Canadian proposal which was based on the 
CAN/ULC S-134 had an added re-entrant cor-
ner to be commensurate with recent research at 
NRCC that had indicated that this configura-
tion would produce significantly higher fire 
exposure than would a flat facade.

Accidents have shown that fire spread to the 
floor immediately above the fire floor can occur 
even along non-combustible facades. Fire 
spread could, therefore, occur in single floor 
jumps with or without contribution from facade 
components. Facade components could however 
accelerate the spread of fire by producing a vehi-

© 1997 Interscience Communications Ltd6
III-13
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cle for fire to spread to two or more floors above 
the fire floor. While the Canadian and German 
proposals differed in the facade and window 
sizes they were both directed to measure the 
same end, i.e., whether the facade components 
contribute to fire spread to two floors above the 
floor of fire origin, along the exterior facade. 
Therefore, a Canada-German joint proposal was 
formulated which allows for flexibility in the 
source and fire compartment size whilst main-
taining the same heat exposure to the exterior 
facade surface. This flexibility makes it possible 
for several international testing laboratories to 
adapt existing facilities to conduct facade tests 
in accordance with the proposed draft. The pro-
posal has now been presented to ISO TC92 SCI 
and will be circulated to member organisations 
for CD balloting shortly. The proposed draft con-
tains the essence of existing Canadian test 
CAN/ULC S-134, with a wing added to create 
the re-entrant corner. Comparisons between the 
significant parameters of the Canadian and the 
proposed ISO draft test are given in the Table 
below.

Kuma Sumathipala, NRCC/NFL, Canada

N e w  s ta n d a r d s  f r o m  B S I

The BSI has published the following standards :

BS EN 659: 1996 which defines minimum per-
formance requirements and test methods for 
protective gloves for firefighters. Price £32.60.

BS ISO 4589-2: 1996 Plastics. Determination 
of burning behaviour by oxygen index. Ambient 
temperature test. This specifies the method for 
determining the minimum concentration of oxy-
gen, in admixture with nitrogen, that will sup-
port combustion of small vertical test specimens 
under specified test conditions. Supersedes BS 
2782: Part 1: Method 141: 1986. Price £61.50.

BS ISO 5659-1: 1996. Plastics. Smoke genera-
tion. Guidance in optical-density testing. No 
current standard is superseded. Price £47.00

All BSI standards can be purchased from BSI 
Customer Services, 389 Chiswick High Road, 
London W4 4AL, UK. Tel: +44 181 996 7000; 
Fax: +44 181 996 7001.

FA SC A D E A S S E M B L IE S
CAN/ULC S-134 ISO proposal

Specimen height above window 7 m 4 m

Specimen width 5 m 3 m (main wall) and 
1.2 m (wing wall)

Specimen surface area 
above window 35 m2 17 m2

Window size 2.5 m wide x 1.4 m high 2.0 m wide x 1.2 m high

Fuel source Propane gas Any source (to provide 
require heat flux exposure 
to test specimen)

Burner simulation Post flashover compartment 
fire with 45 kW/m2 at 0.5 m 
above window opening

Post flashover compartment 
fire with 55 kW/m2 at 0.5 m 
above window opening

Test duration 25 minutes (5min heating, 
15 min full exposure ,
5 min extinguishment)

25 minutes (5 min heating, 
15 min full exposure,
5 min extinguishment

Measurement for regulatory 
purposes

Heat flux and temperature at 
3.5 m above window opening

Heat flux and temperature at 
3.5 m above window opening
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S e p t e m b e r  1 1 ,  1 9 9 6

This test was observed by members of ISO/TC92/SC1/WG7/TG on Facades & Sandwich Panels. The TG 
is developing a new ISO standard for fire testing claddings on facades of buildings and one of the candidate 
methods being considered is a variant of the CAN/ULC-S134 test referenced by Canadian building codes. 
Forintek has provided the test materials being used in the two tests: 12.7-mm DRICON treated fir plywood 
from Trent Timber Treating Company in Peterborough, Ontario (ULC Listed - Issue No. 24C: FSR-15, 
SD-15, FC-5).

The main difference between this test and CAN/ULC-S134 is that a 1.2-m wide sidewall was constructed 
perpendicular to the main wall at one side of the "window", thereby imparting an interior "corner effect" 
to the facade. The test specimens (4x8 panels of plywood) extended 24-ft above the "window". One the 
sidewall, the test specimens extended from the bottom of the window to 24 ft above the window. The 
"exterior wall" part of the test facility was constructed with concrete blocks. The sidewall was supported 
by a steel frame. 12.7-mm Type X gypsum board was fastened directly to the block wall and steel 
sidewall frame using screws. The plywood was then fastened directly to the gypsum board using screws 
(there were no studs or insulation behind the cladding.

NOTE: Because the cladding (FRT plywood) was attached directly to the gypsum board and the gypsum 
board was attached directly to concrete blocks, there was very little heat loss from the unexposed- 
side of the FRT plywood cladding. In CAN/ULC-S134 tests, the cladding is attached to a 
framework exemplifying that used in actual building construction.

The following was observed:
3:30 the sound of burning wood was clearly discernable

4:30 flaming could be seen on the plywood near the corner: the plume extended upwards 8-ft 
along the facade

5:30 the plywood above the window was burning for 4-ft: then it began to recede until flames 
were attached to the plywood for only about 2-ft above the window and no flaming was 
occurring on the sidewall

7:00 the plume of fire was rising in the corner to a height of about 16 to 20 feet above the 
window

7:50 the plume of fire receded back to a height of only about 6-ft above the window, however, 
the flames had extended outward from the window the full 4 feet width on the sidewall

Leslie R. Richardson 
Research Scientist 
Building Systems-F/Ve
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9:30 the plume of fire extended a height of about 8-ft above the window 
(see photograph No. 14)

12:30 The plume of fire extended a height of 8-ft above the window and had attached to the 
plywood for about 4 to 6 feet of that distance, including on the sidewall

13:30 pieces of char (up to 12 inches square) were falling from the facade to the floor of the 
ground: the plume of fire extended a height of 16-ft above the window

14:00 the plume of fire extended above the full 24-ft height of the facade

14:45 the plume of fire receded back to a height of about 16-ft above the window: many large 
pieces of charred plywood was falling from the facade just above the window

17:00 the upper tip of the plume of fire was about 12-ft above the window 

The test was terminated, as scheduled, after 25 minutes.

An inspection of the wall after the test, indicated that while the plume of fire had extended the full 24-ft 
height above the window on several occasions during the test, burning of plywood on the facade had only 
extended to a height of about 12 to 14-ft above the window. All plywood for a distance of about 10-ft 
above the window had burned away and had fallen to the floor as char. The fire had spread laterally 
about one-foot outward from that side of the window opposite to the corner created by the side wall and 
had extended laterally the full 4-ft width on the sidewall.

Leslie R. Richardson 
Research Scientist 
Building Systems-Fire

September 11, 1996  
Ottawa, Canada
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