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In recent years, a number of well publicized fire incidents have raised serious questions about the levels of fire 
safety afforded Canadians by current National Building Code of Canada 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.

After intense lobbying from the Exterior Insulation Manufacturers Association (EIMA), two of the three 
Am erican model building codes now 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 obtain the large-scale test data required for development of new fire-safety-design criteria for exterior walls, 
Forintek decided to investigate the feasibility of using ASTM E 1623 Standard Test Method for Determination 
o f Fire and Thermal Parameters o f Materials, Products, and Systems Using an Intermediate Scale Calorimeter 
(ICAL). Accordingly, Forintek established two collaborative agreements. An agreement with The Western 
Fire Center, Inc. (WFC) in Kelso, Washington, determined the fire performance of fourteen exterior wall 
systems using an ICAL. An agreement with the American Forest and Paper Association (AF&PA) provided 
supplemental funding assistance to Forintek for the fire tests carried out by WFC. W FC's tests have been 
completed, and in February, 1996, they delivered to Forintek, seventeen video tapes showing each of the fire 
tests, three computer diskettes containing all of the data from the tests and two three-ring binders containing 
their report on the project. As a result of information developed through those tests, Forintek and AF&PA will 
be proposing revisions to ASTM E 1623 and the test method used by American model building codes to 
determine ignitability of exterior cladding materials. In addition, the wood industry, through the Canadian 
W ood Council, will propose revisions to the fire-safety-design requirements in the NBCC for cladding on 
facades o f buildings.

SUMMARY
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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 Origins of 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 to the ground, 
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-resjstive 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 
the destruction of thousands of houses in Southern California, and highlighted the failure of building codes,
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including the NBCC, 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. M any 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, 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;

•  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.

2.1.3 Impact

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 strandboard and plywood) 
under both combustible (vinyl or wood) and noncombustible (aluminum and stucco) cladding materials. 
Depending upon the conclusions NRC scientists reach, future code changes might result in additional 
restrictions on the use of wood-frame structural members in the exterior walls of buildings.

Because these issues represent a very serious threat to future markets for wood-based building, 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 exposure 
protection might have upon future markets for Canadian wood-based building materials.

2.2 American Background 

2.2.1 Current Test Method

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 neighborhoods 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
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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.

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:

•  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 center of the calibration specimen the heat flux is 13.9 (± 7% ) kW /m 2.

2.2.2 Deficiencies in Test Method

Because of design weaknesses in the test equipment and "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.

Any test method intended to detect the occurrence of ignition in specimens exposed to a flux of 12.5 
kW /m2 may not be a scientifically reliable way of proving compliance with the intent of the building codes 
because:

•  an irradiance of 12.5 kW /m2 is very close to the critical radiant flux for ignition for wood, and

•  test results may vary considerably because of the non-homogeneity of some cladding materials.

2.2.3 Proposed Solutions

It is generally recognized that the determination of the critical flux for ignition, which is obtained by 
extrapolation of the times to ignition observed at different fluxes, is a scientifically better way to assess the 
ignitability of materials.
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The North American Wood Products Fire Research Consortium (NAWPFRC) was established in 1988 to 
coordinate the non-proprietary fire research carried out on behalf of the wood industry in North America. 
M ember organizations include the American Forest and Paper Association (AF&PA), CWC, APA - The 
Engineered Wood Association (APA), United States Forest Products Laboratory (FPL) and Forintek. Each 
year, researchers from the five member organizations, along with representatives from industry and several 
American universities, formulate a prioritized list of issues related to the fire performance of wood that 
threaten markets for wood products ("fire-issues"), devise strategies which address the more serious of 
those issues, and map out short and long-term fire research projects to be carried out on behalf of the wood 
industry. Because of the potential impact that the problems described above could have on North American 
markets for wood products, NAW PFRC has assigned this "Priority 1" on their list of "Key Fire Issues" and 
both AF&PA and APA have strongly encouraged Forintek to carry out this research project.

To obtain the large-scale test data needed to successfully complete this research project, Forintek had 
planned to initiate a collaborative research agreement with NRC. Under that agreement, 1.2 m by 2.4 m 
wall assemblies would have been tested using the large (3.6 m high by 2.7 m wide) radiant panel furnace at 
N R C 's facilities in Almonte, Ontario. However, in light of concerns about the test method devised by 
Fisher, Forintek decided to investigate the feasibility of using ASTM E 1623 Standard Test Method for  
Determination of Fire and Thermal Parameters o f Materials, products, and Systems Using an Intermediate 
Scale Calorimeter (ICAL) for evaluation of the larger wall specimens. The ICAL method has many 
commonalities with both Fisher's test method and the large NRC radiant furnace. However, it also has 
advantages over both. It is less expensive to construct and operate than the NRC furnace, heat fluxes range 
from 12 to 50 kW /m2 and the heat-flux profile over the surface of test specimens is much more uniform. 
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. Thus, by using the ICAL for these tests, Forintek would obtain the data needed to develop 
new fire-safety-design criteria for the exterior walls of Canadian buildings and we would address industry's 
need for an alternative to Fisher's procedure. Finally, the ICAL provides heat-release rate, mass-loss rate 
and other data for fire modelling. This modelling is 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 test standard for 
determining degrees of combustibility of materials. Forintek, CWC and AF&PA see ASTM E 1623 as an 
extension of Forintek's original concept since it will determine the "degrees of combustibility" for 
assemblies. W hen 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.

Currently, there are no E 1623 calorimeters in Canada. Therefore, Forintek established a collaborative 
agreement with The W estern 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 AF&PA whereby AF&PA agreed to assist Forintek in funding the work carried out by WFC 
in return for access to copies of W FC 's test results.

2.3 Forintek's Strategy
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3.0 STAFF

L.R. Richardson Project Leader
Research Scientist

H. Gribble Program Manager

M. Batista Research Technologist

4.0 PROGRESS (April 1995 to March 1996)

This report highlights accomplishments in the third 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.

As previously noted, in January, 1995, Forintek established a collaborative agreement with WFC. Under 
terms of the agreement, WFC carried out the following 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:

•  uniformity of irradiance at 12.5, 15, 20, 30, 40, and 50 kW /m2 of exposure,

•  time to ignition when exposed to a heat flux of 12.5 kW /m2,

•  time to ignition at each of 15, 20, 30, 40, and 50 kW /m2 heat fluxes,

•  use of the extrapolation procedure developed by Janssens to determine the critical flux for ignition, 
and

•  collection of heat release rate and mass loss data during every test.

The assemblies evaluated by W FC are listed below.

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
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DESIGN DESCRIPTION OF SPECIMENS
NUMBER CLADDING/SHEATHING

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 to carry out the tests, they were 
completed by February, 1996. In M arch, W FC delivered to Forintek, seventeen video tapes showing each 
of the fire tests, three computer disks containing all of the data from the tests, and two three-ring binders 
containing their report on the project. A copy of the WFC report, exclusive of the report's four annexes, 
can be found in Appendix I. The four annexes contain more than 250 pages showing sample drawings, 
heat-flux uniformity measurements, measurement results, and test photographs, specimen construction 
photographs and component photographs. There were two reasons for W FC ’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. M ost of them were 
related to the "hot-wire" specimen ignition system. Consequently, a number of changes were made to the 
test method. Those changes will be submitted to ASTM for revision of the standard.

In February, 1996, a preliminary series of revisions to the test method used by U.S. model building codes 
to evaluate ignitability of exterior cladding materials were submitted. M ore substantive revisions will be 
submitted later in 1996.

5.0 CONCLUSIONS AND RECOMMENDATIONS

This Forintek project will continue in 1996/97. Much of the work in 1996/97 will involve an analysis of 
the vast amount of data obtained from W FC's tests. Once that is completed, a task force of about six to 
eight individuals familiar with the wood industry, innovative new wood-based building products, Canadian 
building regulations and Canadian construction practice will be established to review and assess this 
research program. Finally, a discussion paper describing new design criteria for exterior wall assemblies
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and finishes will be prepared and the conclusions reached in that paper will be presented at a suitable 
conference.

The United Kingdom’s Building Research Establishment, Cardington Large Building Test Facility (LBTF) 
is a form er dirigible hanger that has been converted into 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 have constructed an eight-storey steel-frame building typical in design of a 
commercial office block within the LBTF and currently, are investigating various fire performance aspects 
(and explosive resistance) associated with that structure. The building has exposed steel columns and 
beams, composite concrete/metal decking floors, a concrete block masonry external envelope, gypsum 
board on steel-stud partitions and fire walls, and a commercial window system. The work will be 
completed within the next year. Once their studies on that building have been completed, they intend to 
construct 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). Notwithstanding results of those UK tests, it is most unlikely 
that wood-frame buildings more than four storeys in height would be permitted in Canada. Nevertheless, 
this structure provides a unique opportunity to investigate a number of fire-performance issues related to 
exterior facades of combustible buildings. Therefore, in 1996/97, Forintek will investigate the feasibility 
of extending 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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OBJECTIVE

The objective of this project is to evaluate capabilities of the Intermediate Scale Calorimeter
(ICAL)[1] for measurement of the ignition properties of exterior wall assemblies.
Specifically the objectives are:

(1) to determine the ability of the ICAL to evaluate the ignition resistance o f an exterior wall 

assembly when subjected to a heat flux of 12.5 kW/m2 in the presence of a pilot 
ignition source as described in the ASTM Standard Proposal “Radiant Heat Ignition 
Test of Exterior Wall Assemblies” (Ignition Test)[2] and in SBCCI[3] and BOCA[4] 
model building codes,

(2) to compare the proposed Ignition Test with the ICAL capabilities, particularly in terms 
of the total heat flux exposure uniformity,

(3) to evaluate the ability of the ICAL to determine critical flux for ignition of exterior wall 
assemblies,

(4) using the ICAL, to develop empirical data for input into theoretical models which 

predict growth (spread) of fire on exterior wall assemblies.
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BACKGROUND

Two model building codes[3,4] provide specifications regarding the ignitability of cladding 
materials on exterior walls. The procedure used to determine compliance with these 

requirements was developed by Fisher Research and Development Inc. (Fisher) for the 
Exterior Insulation Manufacturers Association (EIMA)[5]. It exposes a 1.22 m x 2.44 m 

(4’ x 8’) test specimen exemplifying the entire exterior wall assembly to a 0.91 m x 0.91 m

(3’ x 3 ’) gas-fired radiant panel producing an average 12.5 kW/m2 heat flux over the one- 

foot square central area of the specimen. The codes specify that exterior wall assemblies

not ignite when exposed to the 12.5 kW/m2 flux for 20 minutes. The 12.5 kW/m2 heat flux 
level was chosen because it is the commonly accepted threshold for ignition of wood 

products. The procedure was proposed to be developed into an ASTM standard but was 
not accepted by the ASTM Subcommittee E-5.23.

A new test method is needed to determine full scale ignitability performance of exterior 

walls because of the inadequacy of the existing bench scale test methods. It is believed that 
the existing bench scale test methods like ASTM E-1354 (Standard Test Method for Heat 
and Visible Smoke Release Rates for Materials and Products Using an Oxygen 
Consumption Calorimeter) and ASTM E-1321 (Standard Test Method for Determining 

Material Ignition and Flame Spread Properties) can not adequately represent full scale 

ignition scenarios due to small specimen sizes, particularly when composite exterior wall 
constructions are to be evaluated.

The building codes utilize the Ignition Test apparatus that was developed by Fisher as a part 
of the above mentioned project. The Ignition Test apparatus utilizes a 0.91 m x 0.91 m gas 

fired vertical panel to supply a 12.5 kW/m2 heat flux1 to a 1.22 m x 2.44 m representative 

specimen of an exterior wall assembly. The test specimen is simultaneously exposed to a 

pilot ignition source - a spark igniter. The radiant panel and the test specimen are oriented 

in a parallel plane configuration with the geometric centers of the radiant panel and the test 
specimen concurrent to their surfaces. The specified heat flux value is controlled by the 

spacing between the radiant panel and the test specimen. The test specimen is exposed to 

the heat flux for a period of twenty minutes. The pass/fail criterion consists of whether or 
not the test specimen ignites during the twenty minute test period.

1 Actually, the incoming heat flux measured in the Ignition Test procedure (with the surface of the heat flux 
meter flush with the surface of the calibration panel) is composed of both radiant and convective heat flux as 
“seen” by the heat flux meter.

Page 2
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A decision was made in the design process of the apparatus to utilize a gas fired, planar 
radiant panel in order to reduce cost and complexity. The result of this configuration is that 
the heat flux pattern on the surface of the test specimen is not uniform. It was decided that 
a minimum heat flux value would be defined over the central area of 300 mm x 300 mm of 
the test specimen and a higher heat flux would occur at the geometric center of the test 
specimen.

The calibration test result is considered acceptable if:
• at the comers of the central square foot of the calibration panel, the average heat flux is 

12.5 ±5% kW/m2

• at the center of the calibration panel the heat flux is 13.9 ±7% kW/m2.

Consequently, specimens can be exposed to fluxes as high as 14.873 kW/m2 at the center.

Since the Ignition Test method proposed to ASTM was not accepted, a solution may be to 

use the ICAL instead. The ICAL has demonstrated excellent uniformity of heat flux over a 
sample if adjusted at a certain flux level.

Also, direct testing of the occurrence of ignition at the specified irradiance may not be a 
very reliable way of getting data to prove compliance with building codes because:
• the irradiance'that is proposed for ignitability testing is very close to the critical flux for 

ignition for wood and plastic materials

• the results of testing may vary considerably because of non-homogeneity of some of 
the siding materials and exterior wall assemblies

• the results of testing may vary significantly because of possible differences (within 
tolerance limits) of irradiance imposed to a specimen.

Determination of critical flux for ignition obtained by extrapolation, or bracketing of times 
to ignition data at different inradiance exposures, may be better ways to deal with 

ignitability of exterior wall assemblies. Critical flux for ignition values can be compared 
with the values used in building codes.

Page 3
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RESEARCH CONDUCTED

The following research was conducted to meet the objectives of the proposed project:

• The uniformity of the total heat flux on the calibration board at 12.5, 15, 20, 25, 30, 

3 5 ,4 0 ,4 5  and 50 kW/m2 of exposure was determined.

• Specimens (1 m by 1 m) shown in Table 1 were built. Designs 1-9 were as identical as 
possible to those that had been tested in the development of the Ignition Test [5]. 
Designs 10-14 were wall assemblies consisting of commonly used wood and plastic 
siding materials.

• Time to ignition was determined on two specimens of each design at 12.5 kW/m2 of 
irradiance exposure.

• Time to ignition was determined on two specimens of four designs2 at each of 15, 20, 

25, 30, 35, 40, 45 and 50 kW/m2 irradiance exposures (a total of 16 specimens of each 

design was needed for this phase). In cases when ignition occurred, the tests were 
extended to collect heat release rate data and mass loss rate data. Relative surface 
temperature data were collected for information purposes only.

The extrapolation procedure, developed by Janssens [6] was attempted to be used to 
determine the critical flux for ignition.

• An analysis of data was made and this report was generated.

The specimens briefly described in Table 1 were built and tested.

The original proposed research plan was changed so that time to ignition (and consequently HRR curves 
and mass loss rate curves) for specimens “Design Number 3 (EIFS - Thin coat, 25.4 mm (1”) Expanded 
P.S.) were only determined at 12.5, 15, 20, 30,40 and 50 kW/m2 of external heat flux exposure. Three
1.22 m x 2.44 m specimens of “Design Number 5B were constructed and tested at 12.5,15 and 20 kW/m2 
of external heat flux exposure.
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Table 1: Specimens tested
DESIGN

NUMBER
DESCRIPTION OF THE WALL 

CONSTRUCTION
NUMBER OF SPECIMENS AND FLUX 

EXPOSURE LEVELS (kW/m2)*
1 EIFS (Thin coat Mineral Wool) 2 (12.5)
2 EIFS (Thin coat 50 mm Expanded P.S.) 2 (12.5)
3 EIFS (Thin coat 25 mm Expanded P.S.) 12 (12.5, 15, 20, 30, 40. 50)
4 EIFS (Thick coat 50 mm Extruded P.S.) 2 (12.5)
5A EIFS (Thin coat 100 mm Expanded P.S.) 

(lm  x lm)
2 (12.5)

5B EIFS (Thin coat 100 mm Expanded P.S.) 
(1.22 m x 2.44 m)

3 (12.5, 15, 20)

6 EIFS (Thin coat 25 mm Isocvanurate) 2 (12.5)
7 EIFS (Thin coat no insulation) 2 (12.5)

fT “ 16mm (5/8”) Thick exterior sypsum board 18 (12.5, 15, 20, 25, 30. 35, 40, 45, 50)
9 16mm (5/8”) Thick T l-11 plywood 19 (12.5, 15, 20, 25, 30. 35. 40, 45, 50)
10 PVC 2 (12.5)
11 Particleboard- painted 2 (12.5)
12 OSB Lap - painted 2 (12.5)
13 Handboard-painted 18 (12.5, 15. 20, 25, 30. 35, 40, 45, 50)
14 Cedar Lap - stained 2 (12.5)
*Two replicate tests were conducted at each heat flux
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APPARATUS AND PROCEDURE FOR THE ICAL IGNITABILITY 
TESTS

The ICAL as described in ASTM E 1623[1] was used for the tests. Some slight changes 

were necessary as follows: 1) the lower hot wire igniter was raised to the height of 250 mm 

above the bottom exposed specimen edge (the distance between the wire and the specimen 

surface remained 15 mm), 2) the opening under the specimen in the specimen holder was 

closed with a CaSi board with the surface in the same plane as the specimen, and 3) heat 
flux exposure calibration was based on the total heat flux measurement (heat flux meter 

sensing surface flush with the calibration board surface). The reason for the first change 

was that during preliminary tests it appeared that the main stream of the pyrolysis gases 

from some materials at lower heat flux exposures was not flowing through the hot wire if at 
the lower position (80 mm as described in the ASTM Standard). The reason for the second 

change was to approach the testing conditions of Fisher’s test method (1.22 m x 2.44 m (4’ 
x 8’) specimen exposed to heat flux in the specimen center area). The reason for the third 

change was to make the calibration procedures in both the Ignition Test and the ICAL the 

same, to allow data comparison. A schematic of the ICAL is shown in Figure 1 below.

WATER COOLED 
SUPPORTING 

FRAME

RADIANT HEAT 
UNITS

WIRE IGNITER

■TOP CAP OF THE 
SAMPLE HOLDER

WEIGHING
/PLATFORM

RADIANT PANEL SAMPLE HOLDEI

Figure 1: Schematic of the ICAL
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The test configuration for specimens of Design Number 5B (1.22 m x 2.44 m specimens) 
was as shown in Figure 2. A spark igniter was used in these tests. The spark was 
positioned in the exact center of the specimen and 15 mm from the specimen surface. The 

center of the specimen was also the center of the uniformly irradiated specimen surface.

RADIANT PANEL SAMPLE HOLDER

Figure 2: Schematic of the ICAL with a 1.22 m x 2.44 m specimen

»
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DESCRIPTION OF SPECIMEN CONSTRUCTION

The description of specimens is shown in Tables 2 and 3 and in drawings in Annex A. 
Photographs enclosed in Annex D also show construction of the specimens. Two groups 
of specimens were constructed.

The first group represents different types of Exterior Insulation and Finish Systems (EIFS) 
made as close as possible to those that were tested during Fisher’s development of the 

proposed and recently rejected ASTM Ignition Test. The second group represents 

additional materials tested by Fisher, and commonly used wood and plastic cladding 

materials. All the specimens were 1 m x 1 m as required in the ASTM 1623 standard, with 

the exception of Design Number 5B specimens which were of 1.22 m width and 2.44 m 
height, the same size as in Fisher’s test series.

The EIFS specimens were constructed over a steel framework which consisted of 18 gauge 
steel stud and channel. A single layer of 16 mm (5/8”) exterior grade gypsum wallboard 

was fastened to the steel framework and served as a substrate for all of the EIFS 

specimens. The specimens were constructed by Nipp & Tuck Co. of Longview, WA 
under the direction and supervision of Western Fire Center, Inc. (WFC). The names of 
manufacturers of the EIFS components are not included in this report but can be obtained 
from WFC with written permission from both Forintek Canada Corp., Building System 
Program - Fire, and American Forest and Paper Association.

The second group of specimens was constructed of framework built of 50 mm x 100 mm 

(2” x 4”) wood studs and filled with fiberglass insulation with aluminum foil faced kraft 

paper on the unexposed side. Oriented strandboard sheathing (12.7mm) was fastened to the 
exposed side of the framework and covered with TYVEK vapor barrier. The wood and 
plastic claddings were then applied as a finish layer. The exceptions were Design Number 

8 specimens which were 16 mm (5/8”) exterior grade gypsum board fastened directly to the 

wood framework, and Design Number 9 specimens, which were 16 mm (5/8”) Tl-11 

plywood cladding also fastened directly to the wood framework. Fiberglass insulation was 
not used with these two designs. These two designs were the same as those used by 
Fisher in his development of the Ignition Test

All the EIFS specimens were cured for 90 days after completion and conditoned at 23“ C 
±2° C and 50 % relative humidity for 30 days before testing. The wood specimens were 

conditioned at the above described conditions for at least 30 days before testing. Density
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and moisture contents for wood cladding materials at the time of testing are given in Table 
4.

Design
Number*

Bond to 
Substrate

Type of 
Insulation

Base Coat Mesh Finish Color

1 (1) Cementitious & 
mechanical

100 mm mineral 
wool

Thin Yes Light

2 (2 ) Cementitious 50 mm expanded 
polystyrene

Thin Yes Light

3 (4) Cementitious 25 mm expanded 
polystyrene

Thin Yes Light

4 (6) Mechanical 50 mm extruded 
polystyrene

1/4” Yes Light

5** (9) Cementitious 100 mm expanded 
polystyrene

Thin Yes Dark

6 (10) Cementitious 25 mm 
isocyanurate

Thin Yes Dark

7 (11) No insulation None Thin Yes Dark

** The sizes of these specimens were both lm x lm (specimen 5A) and 1.22 m x 2.44 m (specimen 5B).

specimen description of commonly used wood sidings, plastic siding and
a d d itio n a l m atpria lc  toctoH ® F <= anu

Siding Type Finish**
8 (12) 16 mm exterior gypsum board -

9 (13) 16 mm T l- i l  piywood -

10 PVC None
11 Particleboard Latex painted
12 Oriented strandboard Latex painted
13 Hardboard Latex painted
14 Cedar Stained

** Painted at WFC

Table 4: Density and moisture contents for wood claddins m aterials
Design

Number
Siding type Average Density 

(kg/m3)
Average MC

(%)9 16 mm Tl-11 plywood 455.8 8.5011 Particleboard - painted 605.6 7.7012 OSB Lap - painted 607.6 8.2313 Hardboard siding - painted 767.9 7.0914 (jedar lap siding - stained 313.3 8.89
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HEAT FLUX UNIFORMITY

Total heat flux3 to a lm  x lm  Calcium Silicate board was measured at 25 locations as 

shown in Figure 3. A recently calibrated Gardon type heat flux meter with a range of 100

kW/m2 was used for the measurements. The meter was inserted into holes in the 

calibration board with it’s sensing surface flush with the exposed calibration board surface. 
This procedure was repeated at 13 different distances between the radiant panel and the 

calibration board. Average values, standard deviation and coefficient of variation obtained 

at the various distances are given in Table 5. Individual measurements of heat fluxes at 
different locations of the calibration board at various distances are given in Annex B in 

tabelaric and graphic form. The average values of the measured heat fluxes were plotted 

against distances between the radiant panel and the calibration board as shown in Figure 4. 

The generated heat flux versus distance calibration curve was used to determine exact 
separation distances for desired heat flux exposures.

7
991mm

R1

R2

R3

R4

R5

Figure 3: Locations of the total heat flux measurements on the calibration board

3 The radiation fraction o f the total incoming flux is measured in the ASTM E1623 calibration procedure. 
Total heat flux was measured in these experiments to allow comparison with Fisher’s experiments.
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Table 5: Average heat flux versus distance values and statistical values regarding heat 
flux distribution over the calibration board _________
Distance (mm) Average flux 

(kW/m2)
Standard deviation Coefficient o f variation (%)

5596 1.15 0.10 8.7
3818 2.80 0.12 4.1
2040 8.36 0.37 4.4
1532 12.80 0.77 6.0
1329 15.58 0.99 6.3
1049 20.92 1.52 7.3
856 25.88 1.92 7.4
856 26.40 2.18 8.3
697 31.30 2.23 7.1
567 36.92 2.18 5.9
465 41.54 2.10 5.1
376 46.64 1.71 3.7
300 51.08 3.09 6.1

ICAL CALIBRATION CURVE

Distance (mm)

Figure 4: ICAL heat flux/distance calibration curve
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TEST RESULTS

Times to ignition of the test specimens exposed to different heat fluxes are shown in Table 
7. The results of heat release rate, mass loss rate and surface temperature measurements 

are included in Annex C to this report. The heat release rate measurements are only 

included for the tests where the specimens ignited. The surface temperature measurements 

are for comparison purposes only. An infrared pyrometer was used to conduct these 

measurements. The absorptivity of the specimens had not been determined before actual 
tests were conducted, but was chosen based on previous experience. The absorptivity 

values used were 1 for all the specimens except for the light colored EIFS specimens. 
Absorptivity used for those specimens was 0.8.

In some tests igniton occured at the top or at the side of a specimen and involved flame 

spread. These tests are identified in Table 6 and explain irregular heat release rate curves in 
those tests.
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Table 6: E x terio r w all ignition tests on the IC A L , ignition lim es at various fluxes

Design # 
/Test #

Description of Wall Construction
Time to Ignition (s)

12.5
kW/m2

15
kW/m2

20
kW/m2

25
kW/m2

30
kW/m2

35
kW/m2

40
kW/m2

45
kW/m2

50
kW/m2

1/1 BIPS (thin coat, 100 moi M ineral W ool) . .. ... Nl*
1/2 Nl •
2/1 EIFS (thin coat, 50 mm expanded P.S.) NI
2/2 Nl
3/t BIBS Ohio coat, 25 ram expanded P.S.) . NI . M 1 m 59 l l l f î i l l i II 51 11
3/2 ' 111 NI M 121» II;.- • ;•. 62-.lI 55
4/1 EIFS (thick coat, 50 mm extruded P.S.) NI
4/2 Nl

5A/X B1FS (thio coat, 100 mm expanded P.S,) . NI .
5 an {lm x 1Ü specimen) : NI
5B/1 EIFS (thin coat, 100 mm expanded P.S.) Nl
5B/2 (1.22 m by 2.44 m specimen) NI
5B/3 Nl

EIFS (thin coat, 25 ûun isûcyanurate) NI , • • g g V *•<* 1 ; ••• • <• WM-
6/2 N) :
111 EIFS (thin coat, no insulation) Nl
7/2 Nl
8/1 16 ihm exterior gypsum board M i l l ! v M . M Ni . 11M11 M ill: NI I IS NI 1
8/2 NI H  • n 1 NI H M . ! NI Ni NI
9/1 16 mm Tl-11 plywood Nl M rT“ 495 284“ 83 92 71 52
9/2 Nl M 69T*- 420 126 155 77 295*“ 42
9/3 298
10/1 PVC siding* V 18Ï303 4
10/2 NI
11/1 Particleboard - painted Nl
11/2 Nl
12/1 OSB lao-pain ted M 11Ê1ÜI •
12/2 NI
13/1 llardboard siding - painted Nl M NI 930 619 489“ “ 351 291 251
13/2 Nl M 1147 763 468 169 444 278 241
14/1 Cedar lap siding * stained Nl
14/2 NI

3 No ignition within 21 minutes of test.
4 The ignition wire was in contact with the specimen surface. ** Downward flame spread, top ignition

*** Lateral flame spread, side ignition **** Lateral flame spread, side ignition
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CRITICAL FLUX FOR IGNITION DETERMINATION

Marc Janssens developed a procedure for correlation of piloted ignition data [6]. The 

procedure suggests to correlate the data by plotting (l/tig)° 547 versus irradiance q”CT. Critical 

irradiance is then obtained as the intercept with the abscissa of a straight-line fit through the 

data points. This procedure was used to correlate the ICAL data for the three materials 
tested at various heat flux exposures. Figures 5,6 and 7 show the results.

CORRELATION OF ICAL IGNITION DATA 

T1-11 PLYWOOD

Figure 5: Correlation of the ICAL ignition data on conditioned ply wood siding 
(Tl-11)
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0 
54

7

CORRELATION OF ICAL IGNITION DATA 

HARD BOARD SIDING

Figure 6: Correlation of the ICAL ignition data on conditioned latex painted 
hardboard siding
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kO
 5

47

CORRELATION OF ICAL IGNITION DATA 

EIFS DESIGN #3

Figure 7: Correlation of the ICAL ignition data on EIFS Design #3 
specimens
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COMPARISON BETWEEN FISHER’S AND ICAL TIME TO IGNITION 
DATA

Table 7 shows the comparison between the data obtained on Fisher’s ignitability apparatus 
and the ICAL ignitability data. Only the data that were obtained on both apparatuses and 
can be compared are shown.

Table 7: Comparison between time to ignition data obtained on Fisher’s apparatus and 
the ICAL

ICAL
DESIGN

NUMBER

FISHER’S
DESIGN

NUMBER

DESCRIPTION OF THE WALL 
CONSTRUCTION

HEAT
FLUX

EXPOSURE
(kW/m2)

ICAL TIME 
TO

IGNITION
(s)

FISHER’S 
TIME TO 

IGNITION*
(s)

1 FTPS (Thin coat, 100 mm Mineral Wool) 12.5 NI 322
2 2 EIFS (Thin coat, 50 mm Expanded P.S.) 12.5 NI NI
3 4 EIFS (Thin coat. 25 mm Expanded P.S.) 12.5 NI mm

m m 121** 185
4 6 EIFS (Thick coat, 50 mm Extruded P.S.) 12.5 NI NI
5A 9 EIFS (Thra coat, IQGmm Expanded P.S.) 

d m  xlm  specimen in WFC tests)
12,5 NI 250

5B 9 EIFS (Thin coat, 100 mm Expanded P.S.) 12.5 NI 250
( 1.22 m x 2.44 m specimen in WFC tests) 20 NI 89

M BIPS (Thin coat. 25 mm isocvanurate) Ü H NT 5200
7 i i EIFS (Thm coat. No insulation) 12.5 NI NI

12 16 ram thick exterior eypsom board m m •M mm
20 M ü No test

9 13 16 mm thick Tl -11 plvwood 12.5 NI 1100
20 694** 333

*The size of the specimens was 1.22 m x 2.44 m 
**One specimen of two ignited
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SUMMARY OF FINDINGS

•  The uniformity of the total heat flux on the calibration board was not as good as the 

uniformity of irradiance in the original (ASTM E l623) test method. The reason for this 

effect is probably due to relatively non-uniform convective heat flux which appears to 

vary, particularly at the edges of the calibration board. However, the uniformity in the 

central area of the calibration board is still very good. The uniformity of heat flux on 

the calibration board (or specimen) in one position (excluding view factor effects at 

changing distances between the radiant panel and the calibration board) can be adjusted 
to be within ±2% of the average.

• None of the specimens tested ignited at 12.5 kW/m2 of heat flux exposure, with the 

exception of one of the PVC siding specimens which was touching the wire igniter due 
to bending.

• The designs tested at higher heat flux exposures did not ignite at 15 kW/m2 of heat flux 

exposure and not a very consistent ignition was observed at 20 kW/m2 of heat flux 
exposure.

• Exterior gypsum board did not ignite even at 50 kW/m2 of heat flux exposure.

• Specimen behavior during tests, such as warping, bending and melting changes the 

distance between the specimen surface and igniter and can influence results in both 

Fisher’s test method and the ICAL. Provisions should be made in the test methods to 
maintain the separation between the igniter and specimen surface.

• Comparison of times to ignition between Fisher’s and ICAL test data shows that many 

designs ignite at 12.5 kW/m2 of heat flux exposure in Fisher’s test method but not in 

the ICAL. In cases when a specimen ignites in both test methods, the ignition times 

from Fisher’s test method are shorter than in the ICAL in one case and longer in 
another case.

•  The time to ignition measurements and resistance to ignition results differ significantly 
between the two compared test methods.

• Time to ignition, critical flux for ignition, mass loss rate at ignition, and surface 

temperature at ignition seem to depend strongly on the test apparatus (radiant panel size 
and geometry) and the test specimen geometry.

•  Correlation of ICAL ignition data following Janssens’ procedure developed for the 
small scale test methods gives unrealistic results although the data seem to fall on a 

straight line. More research is needed to explain the phenomena. Bracketing must be 
used until new correlations are developed.
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•  Data such as heat release rate, mass loss rate and surface temperature can be obtained 

from the ICAL. However, measurements of heat release rate and mass loss rate at 
lower heat flux exposures may require certain changes in the ICAL ignition setup to 
allow ignition.

•  Ignition phenomena need to be further studied and better understood.
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