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1. Scope

1.1 This practice covers the estimation of heat gain or loss
through ceilings under attics containing radiant barriers by use
of a computer program. The computer program included as an
adjunct to this practice provides a calculational procedure for
estimating the heat loss or gain through the ceiling under an
attic containing a truss or rafter mounted radiant barrier. The
program also is applicable to the estimation of heat loss or gain
through ceilings under an attic without a radiant barrier. This
procedure utilizes hour-by-hour weather data to estimate the
hour-by-hour ceiling heat flows. The interior of the house
below the ceiling is assumed to be maintained at a constant
temperature. At present, the procedure is applicable to sloped-
roof attics with rectangular floor plans having an unshaded
gabled roof and a horizontal ceiling. It is not applicable to
structures with flat roofs, vaulted ceilings, or cathedral ceilings.
The calculational accuracy also is limited by the quality of
physical property data for the construction materials, princi-
pally the insulation and the radiant barrier, and by the quality
of the weather data.

1.2 Under some circumstances, interactions between radiant
barriers and HVAC ducts in attics can have a significant effect
on the thermal performance of a building. Ducts are included in
an extension of the computer model given in the appendix.

1.3 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
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3. Terminology

3.1 Definitions—For definitions of terms used in this
practice, refer to Terminology C168.

3.2 Symbols—Symbols will be introduced and defined in the
detailed description of the development.

4. Summary of Practice

4.1 The procedures used in this practice are based on the
thermal response factor method for calculating dynamic heat
conduction through multilayer slabs (1, 2),” along with a model
for convective and radiative heat exchanges inside and outside
the attic.

4.2 The operation of the computer program involves the
following steps:
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4.2.1 Response Factors—A separate computer program
must be used to calculate the thermal response factors of the
solid materials surrounding the attic. Input to this program
would consist of the thermal conductivity, specific heat,
density, and thickness of each layer, or the thermal resistance of
the layer if it has negligible density, and the fraction of the
cross-sectional area occupied by the framing. Output of such a
program would be a set of response factors for use as input to
the main program. The adjunct to this practice contains data
files with response factors for several typical attic construc-
tions.

4.2.2 Data Input to the Main Program—This input includes
the response factors, total hemispherical emittances of the
inside and outside surfaces of the attic envelope, solar absorp-
tances of the outside surfaces of the attic envelope, length and
width of the attic, slopes of the two roof sections, distance
between attic floor and roof at edge of attic, orientation of
house, vent areas and type of vents, water vapor permeances of
attic surfaces, area of exposed wood inside attic, mass of wood
in attic, initial moisture content of wood in attic, rate of
exfiltration of air from house into attic space, latitude and
longitude, time zone indicator, solar reflectance of the ground,
indoor temperature, and indoor humidity.

4.2.3 Analysis—Using hourly weather data consisting of
outdoor temperature and humidity ratio, atmospheric pressure,
total horizontal and direct solar radiation, wind speed and
direction, cloud amount, cloud type, and atmospheric clearness
number, the computer program calculates the inside and
outside temperatures of the attic envelope and the temperature
of the air inside the attic. Using these temperatures, the
program calculates the heat flux through the ceiling.

4.2.4 Output—The hourly heat flux through the ceiling is
written to a file which can be used for further processing, such
as seasonal or annual heat gains or losses.

5. Significance and Use

5.1 Manufacturers of radiant barriers express the perfor-
mance of their products in terms of the total hemispherical
emittance. The purpose of a radiant barrier is to decrease the
radiation heat transfer across the attic air space, and hence, to
decrease the heat loss or gain through the ceiling below the
attic. The amount of decrease in heat flow will depend upon a
number of factors, such as weather conditions, amount of mass
or reflective insulation in the attic, solar absorptance of the
roof, geometry of the attic and roof, and amount and type of
attic ventilation. Because of the infinite combinations of these
factors, it is not practical to publish data for each possible case.

5.2 The calculation of heat loss or gain of a system
containing radiant barriers is mathematically complex, and
because of the iterative nature of the method, it is best handled
by computers.

5.3 Computers are now widely available to most producers
and consumers of radiant barriers to permit the use of this
practice.

5.4 The user of this practice may wish to modify the data
input to represent accurately the structure. The computer
program also may be modified to meet individual needs. Also,

additional calculations may be desired, for example, to sum the
hourly heat flows in some fashion to obtain estimates of
seasonal or annual energy usages. This might be done using the
hourly data as inputs to a whole-house model, and by choosing
house balance points to use as cutoff points in the summations.

6. Method of Calculation

6.1 Approach:

6.1.1 This calculation of heat loss or gain requires that the
following be known:

6.1.1.1 The thermal conductivity, specific heat, and density
of the construction materials (that is, insulation, plywood,
roofing materials, sheathing, gypsum board);

6.1.1.2 The total hemispherical emittance of all materials
facing the attic air space;

6.1.1.3 The solar absorptance of the exterior surfaces of the
attic (that is, the roof and gables);

6.1.1.4 The geometry of the attic;

6.1.1.5 The moisture permeance and storage properties of
the materials facing the attic space; and

6.1.1.6 The weather conditions.

6.1.2 The solution is a computer procedure that estimates
temperatures of both sides of the components of the attic
envelope and the temperature of the air in the attic space, uses
these estimates of temperatures to refine estimates of convec-
tion and radiation heat transfer coefficients, reestimates the
temperatures using the new heat transfer coefficients, continues
iterating on the temperatures and heat transfer coefficients until
convergence is reached, and uses the last estimates of tempera-
tures to calculate the heat gain or loss through the ceiling. This
procedure is repeated for each hour of the simulation period
(typically a full year).

6.2 Development of Equations—The model that is the basis
for this practice is based on the model developed by B. Peavy
(3), which was later extended by Wilkes (4-6). The sketch of an
attic given in Fig. 1 shows the various heat transfer mecha-
nisms that occur within an attic. Although the sketch shows
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FIG. 1 Schematic of Residential Attic Showing Heat Transfer Phe-
nomena



