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T he exterior walls of a building are
a major segment of the building

envelope and, as such, perform several
important functions. Exterior walls
contribute heavily to the control of
energy consumption and provide the
barrier between the outside climate and
the interior environment in which we
all live and work. In addition to
providing energy conservation,
exterior walls also perform important
fire safety functions. The exterior walls
prevent external fires from spreading
into the building. They also prevent
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internal fires from spreading to neigh-
boring buildings. All else failing,
exterior walls form the “last line of
defense” keeping a fire outside the
building from entering the building. The
importance of exterior walls to building
fire safety is generally recognized and
has led to conservative design criteria.
For example, components of exterior
walls in large or tall buildings are
usually of non-combustible materials.
Non-combustible materials will not
burn or spread fire.

In recent years the issue of energy

conservation in building design has
become increasingly important. In order
to provide more energy efficiency,
architects have begun designing and
installing high performance exterior
wall systems which incorporate limited
quantities of synthetic insulating
materials. These exterior wall systems
do not meet the traditional definitions
for non-combustible construction. A
question then arises as to whether it is
reasonable to use materials in exterior
walls which do not meet the traditional
definition for non-combustibility
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assuming appropriate safeguards are
imposed to assure building fire safety.
Building regulatory groups have
answered this question affirmatively,
and all three U.S. Model Building Codes
now specifically permit and regulate
exterior wall systems using combustible
components. However, the quantity of
combustible materials is limited and fire
test data must show that the use of the
combustible materials will not cause any
significant increase in fire hazard.

“In recent years the issue of
energy conservation in
building design has become
increasingly important.”

Model Building Codes regulate the
use of combustible components in
exterior walls by limiting the quantity of
combustible material to an amount less
than 6,000 BTU/square foot, by setting
ASTM E-84 limits for components, and
by requiring full scale fire tests of the
final assembly. The principal concern in
the past has had to do with flame
spread properties. Recently a new
concern has been expressed. The new



concern has to do with the ignitability
characteristics of exterior wall systems.
Specifically, these concerns questions
whether or not these new high perform-
ance wall systems will ignite under the
influence of radiant heat energy from a
fire in a neighboring building. Existing
building codes do not contain ignitabil-
ity limits for building materials.
Furthermore, a standard method of test
does not exist for measuring the
ignitability performance of a building
system due to radiant heat exposure.

“The issue of building-to-
building fire spread due to
radiant heat exposure has
long troubled the fire pro-
tection community.”

This article will briefly describe the
phenomenon of radiant heat exposure
caused by a fire in a neighboring
building. It will also provide an over-
view of a radiant heat research project
which is being conducted and is well
under way, by an industry consortium
led by the Exterior Insulation Manufac-
turers Association (EIMA).

Radiant Heat Induced Building-
to-Building Fire Spread

The issue of building-to-building fire
spread due to radiant heat exposure has
long troubled the fire protection
community. The problem is complex
and requires an in-depth understanding
of both combustion and heat transfer.
An understanding of combustion is
necessary to evaluate the expected
exposure fire in order to predict its
temperature and flame characteristics.
Similarly, the heat transfer must also be
well understood in order to determine if
an adjacent building will receive enough
radiant energy to ignite.

In order to better understand the
problem, a simple explanation of the
principles of thermal radiation is
necessary. Equation 1 gives the simple
form of the radiation equation:

q"f = σε F2-1T
4 (1)

q "f = radiant heat energy impinging
at point 1 on the target
building (W/m2)

σ = 5.6696E-8 W/(m2 - K4) Stefan-
Boltzmann’s constant

ε = emissivity
F 2 - 1 = view factor
T = absolute temperature of the

surface (0K)
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Although equation 1 may appear
simple to evaluate, the difficulty arises
in obtaining values for the variables
used in the equation. The temperature
and emissivity of the flame are esti-
mated based on the expected fire. A
basic understanding of fire fundamen-
tals is necessary to make these assump-
tions. A temperature of 1,500 degrees F
and an emissivity of 1.0 have been used
in the present analysis. While these
values are consistent with estimates
found in existing literature, more
accurate estimates may be necessary.

The most difficult parameter to
evaluate is the view factor. The view
factor is a function of the geometry of
the two buildings. Unfortunately, the
view factor is different for each building
and depends on the number, size, and
locations of windows, as well as on the
separation distance between the
buildings. because it is so difficult to
evaluate, a computer model has been
developed to calculate the view factor.
This model is capable of calculating the
view factor for nearly any building
geometry imaginable. Figure 1 is an
example of the results from the com-
puter model. In Figure la, the fire
compartment has a single window. The
contoured image shows how the
radiation intensity changes with
position. The radiant energy is the
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greatest at the point opposite the center
of the fire window. Notice how the
energy level decreases as one moves
away from the center of the window.
Figure lb shows how the maximum
radiation changes as the separation
distance between the fire and the
adjacent building increases. In this
figure, the vertical axis represents
radiation intensity while the horizontal
axis represents the separation distance
between the two buildings. Figure 2
shows a similar output for a building
which has four radiating windows.

This type of radiation computer
model may, in the future, become a
useful tool for building officials,
architects, and engineers in the design
and hazard evaluation of buildings.

Overview of the EIMA Radiant
Heat Exposure Research Project

The growing concern within the
Model Building Codes over the issue of
building-to-building fire spread by
radiant heat exposure has prompted an
industry consortium, led by EIMA, to
fund a $500,000 research project to solve
this problem. The research project is
divided into five phases.

The first phase of the project consists
of a literature search of internationally
published work on exterior exposure
fires and includes an analytical study.
The literature search has been com-
pleted and has identified 49 articles
which address the issue of building-to-
building spread due to exposure fire.
The analytical study is currently under
way and is making significant progress.
The analytical study has developed the
computer model which was described in
the previous section. This model
calculates and graphically displays the
level of heat flux one building will
experience due to a fire in a neighboring
building. The model has been used to
predict the radiant heat flux at the
surface of various code complying
buildings given various building-to-
building separation distances. The
model has also been used as an aid in
the design of the radiators used in both
the Full Scale and Lab Scale test
apparatus.

The second phase of this research
project is concerned with the develop-
ment of a laboratory scale test method to
evaluate the ignitability of exterior walls
due to exposure to radiant heat. It is
important that the Lab Scale test has the
following attributes:

—correlates with full scale test
results

—enables full scale construction
features to be evaluated

—provides reproducible results
—is a rugged test method
—is relatively inexpensive to

conduct.



Figure 3.

At least 30 wall constructions will be
evaluated using the Lab Scale test
apparatus. The results from these tests
will then be compared with the results
from Full Scale tests conducted during
phase III. The Lab Scale test apparatus is
shown schematically in Figure 3. All of
the Lab Scale tests will be conducted by
the University of California Fire
Research Laboratory in Berkeley,
California.

As noted above, the third phase of
this project consists of conducting 30
Full Scale wall tests of designs identical
to those tested using the Lab Scale test
procedure. The results from the Full
Scale tests will be used to validate the
results from the Lab Scale tests. All of
the Full Scale tests will be conducted by
the Southwest Research Institute in San
Antonio, Texas.

The fourth phase consists of Cone
Calorimeter tests of sections identical to
those tested in phases II and III. Samples
will be exposed to a variety of different
heat flux levels in order to determine
their time-to-ignition characteristics.
The Cone Calorimeter represents an
existing bench scale test method which
is inexpensive to run. These tests will
also determine if the small size (4" X 4")
of the Cone Calorimeter sample is
adequate to evaluate the ignitability of
exterior wall sections. All of the Cone
Calorimeter tests will be conducted by
the Southwest Research Institute.

The fifth and final phase of the
research work will develop a code
change proposal based on the work
accomplished in Phases I-IV. The code
change will introduce a new test method
and acceptance criteria which will be
applicable to all types of exterior wall
construction. This will provide the
building code community with a
technically based method of determin-
ing the suitability of various types of
wall construction for specific building
types. The proposed Lab Scale test



method will also be submitted to ASTM
and NFPA for consideration as a
consensus standard.

Conclusions
Exterior walls clearly fulfill impor-

tant functions in building design. They
must provide weather protection and
energy conservation for the building
interior. The exterior wall must provide
a barrier to the passage of fire to the
outside and must also reduce the hazard
of fire intrusion from the exterior.

The requirement for more energy
efficient exterior walls has led to the
introduction of high performance
systems. As noted in the introduction,
the goals of fire safety and improved
energy efficiency can be met by exterior
wall systems which incorporate limited
amounts of combustible insulating
materials. However, concerns about the
ignition characteristics of such exterior
wall systems by thermal radiation from
a fire in an adjacent building must be
addressed. These concerns are being
addressed by the EIMA-led industry
consortium through an in-depth
program of applied engineering
research. The results of the $500,000
research project funded by the industry
will provide a scientifically-based
solution to the problem which will be
applicable to all forms of exterior wall
construction and to all building types
recognized by the Model Building
Codes.
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