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(This foreword is not part of this standard. It is merely
informative and does not contain requirements necessary
for conformance to the standard. It has not been
processed according to the ANSI requirements for a
standard and may contain material that has not been
subject to public review or a consensus process.
Unresolved objectors on informative material are not
offered the right to appeal at ASHRAE or ANSI.)

FOREWORD 

The purpose of this addendum is to add a new set of test
cases within new Section 7 of Standard 140. These test cases
were adapted from HERS BESTEST, developed by the
National Renewable Energy Laboratory.B-1 This set of test
cases formally codifies the Tier 1 and Tier 2 Tests for certifica-
tion of residential energy performance analysis tools, as
described in the 2006 Mortgage Industry National Home
Energy Rating Systems Standards.B-2 

Section 7 is added so that test cases can be divided into
separate test classes to satisfy different levels of software mod-
eling detail. Such classification allows more convenient cita-
tion of specific sections of Standard 140 by other codes and
standards, and certifying and accrediting agencies, as appro-
priate. The current Class I test cases (Section 5) are detailed
diagnostic tests intended for simulation software capable of
hourly or sub-hourly simulation time steps. The new Class II
(Section 7) test cases of this addendum may be used for all
types of building load calculation methods, regardless of time-
step granularity. The Class I (Section 5) test cases are
designed for more detailed diagnosis of simulation models
than the Class II (Section 7) test cases. 

Test procedures added to Section 7 are divided into Tier 1
and Tier 2 tests. The Tier 1 base building plan is a single-story
house with 1539 ft2 of floor area, with one conditioned zone
(the main floor), an unconditioned attic, a raised floor
exposed to air, and typical glazing and insulation. Additional
Tier-1 cases test the ability of software to model building enve-
lope loads in the base-case configuration with the following
variations: infiltration; wall and ceiling R-Value; glazing
physical properties, area and orientation; shading by a south
overhang; internal loads; exterior surface color; energy ineffi-
cient building; raised floor exposed to air; un-insulated and
insulated slab-on-grade; un-insulated and insulated base-
ment. The Tier-2 tests consist of the following additional ele-
ments related to passive solar design: variation in mass,
glazing orientation, east and west shading, glazing area, and
south overhang. These test cases were developed in a more
realistic residential context, and have a more complex base
building construction, than the Section 5 test cases (which
have more idealized and simplified construction for enhance-
ment of diagnostic capability). To help avoid user input errors
for the Section 7 test cases, the input for the test cases is sim-
ple, while remaining as close as possible to "typical" residen-
tial constructions and thermal and physical properties.
Typical building descriptions and physical properties pub-
lished by sources such as the National Association of Home
Builders, the U.S. Department of Energy, American Society of
Heating Refrigerating and Air Conditioning Engineers, and

the National Fenestration Rating Council are used for the Sec-
tion 7 test cases.

New informative (non-mandatory) Annex B22, included
with this addendum, provides an example procedure for estab-
lishing acceptance range criteria to assess annual or seasonal
heating and cooling load results from software undergoing
tests contained in Section 7 of Standard 140. Inclusion of this
example is intended to be illustrative only, and does not imply
in any way that results from software tests are required by
Standard 140 to be within any specific limits. However, certi-
fying or accrediting agencies using Section 7 of Standard 140
may wish to adopt procedures for developing acceptance-
range criteria for tested software. Informative Annex B22
presents an example range setting methodology that may be
useful for these purposes. 

Summary of changes in this addendum:

• Add new Section 7 “Class II Test Procedures” (This is
the major substantive portion of the addendum)

• Add new Section 8 “Class II Output Requirements”
• Update Section 3 “Definitions, Abbreviations, and Acro-

nyms” for language of Section 7
• Update Section 4 “Methods of Testing” (overall Stan-

dard 140 roadmap), to summarize new classification of
tests (i.e., Class I and Class II), and summarize new Sec-
tion 7 test cases

• Changes titles of Sections 5 and 6 to “Class I Test Pro-
cedures” and “Class I Output Requirements”, and add
introductory text to Section 5 to indicate new classifica-
tion of test procedures

• Update normative Annex A1 “Weather Data”, to
include weather data used for Section 7

• Include new informative annexes to provide information
relevant for the Section 7 test procedures:
• B18 Alternative Section 7 Ground Coupling Analy-

sis Case Descriptions for Developing Additional
Example Results for Cases L302B, L304B, L322B,
and L324B

• B19 Distribution of Solar Radiation in the Section 7
Passive Solar Base Case (P100A)

• B20 Example Results for Section 7 Test Procedures
• B21 Production of Example Results for Section 7

Test Procedures
• B22 Example Procedures for Developing Accep-

tance-Range Criteria for Section 7 Test Cases
• Update the following informative annexes to include

new information relevant for Section 7 test procedures: 
• B1 Tabular Summary of Test Cases
• B2 About TMY Weather Data
• B3 Infiltration and Fan Adjustments for Altitude
• B4 Exterior Combined Radiative and Convective

Surface Coefficients
• B5 Infrared Portion of Film Coefficients
• B7 Detailed Calculation of Solar Fractions
• B10 Instructions for Working with Results Spread-

sheets Provided with the Standard
• B23 (renumbered from B18) Validation Methodolo-

gies and Other Research Relevant to Standard 140 
• B24 (renumbered from B19) Informative References
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2 ANSI/ASHRAE Addendum b to ANSI/ASHRAE Standard 140-2007

• Update titles of the following informative annexes to
indicate specificity for Section 5 test procedures:
• B8 Example Results for Building Thermal Envelope

and Fabric Load Tests of Section 5.2
• B11 Production of Example Results for Building

Thermal Envelope and Fabric Load Tests of Section
5.2

• B16 Analytical and Quasi-Analytical Solution
Results and Example Simulation Results for HVAC
Equipment Performance Tests of Sections 5.3 and
5.4

• B17 Production of Quasi-Analytical Solution
Results and Example Simulation Results for HVAC
Equipment Performance Tests of Sections 5.3 and
5.4

[Informative Note: Additions are shown in this adden-
dum by underlining and deletions are shown by striketh-
rough except when an informative note makes it clear that
the entire material that follows is to be added or deleted as
a whole. The changes shown in this addendum are relative
to the 2007 edition of the standard—as modified by
published Addendum a.]

[Informative note: Revisions to Contents indicated
below; deletions indicated by strikethrough text; additions
indicated by underline text.]

CONTENTS

Foreword
1 Purpose
2 Scope 
3 Definitions, Abbreviations, and Acronyms
4 Methods of Testing 
5 Class I Test Procedures 
6 Class I Output Requirements
7 Class II Test Procedures 
8 Class II Output Requirements

Normative Annexes
Annex A1  Weather Data
Annex A2  Standard Output Reports

Informative Annexes
Annex B1 Tabular Summary of Test Cases
Annex B2 About Typical Meteorological Year (TMY)

Weather Data
Annex B3 Infiltration and Fan Adjustments for Altitude
Annex B4 Exterior Combined Radiative and Convective

Surface Coefficients
Annex B5 Infrared Portion of Film Coefficients 
Annex B6 Incident Angle-Dependent Window Optical

Property Calculations
Annex B7 Detailed Calculation of Solar Fractions 
Annex B8 Example Results for Building Thermal Enve-

lope and Fabric Load Tests of Section 5.2

Annex B9 Diagnosing the Results Using the Flow
Diagrams 

Annex B10 Instructions for Working with Results Spread-
sheets Provided with the Standard

Annex B11 Production of Example Results for Building
Thermal Envelope and Fabric Load Tests of
Section 5.2 

Annex B12 Temperature Bin Conversion Program
Annex B13 COP Degradation Factor (CDF) as a Function of

Part-Load Ratio (PLR) 
Annex B14 Cooling Coil Bypass Factor 
Annex B15 Indoor Fan Data Equivalence 
Annex B16 Analytical and Quasi-Analytical Solution

Results and Example Simulation Results for
HVAC Equipment Performance Tests of
Sections 5.3 and 5.4

Annex B17 Production of Quasi-Analytical Solution
Results and Example Simulation Results for
HVAC Equipment Performance Tests of
Sections 5.3 and 5.4

Annex B18 Alternative Section 7 Ground Coupling Analy-
sis Case Descriptions for Developing Addi-
tional Example Results for Cases L302B,
L304B, L322B and L324B

Annex B19 Distribution of Solar Radiation in the Section 7
Passive Solar Base Case (P100A)

Annex B20 Example Results for Section 7 Test Procedures 
Annex B21 Production of Example Results for Section 7

Test Procedures
Annex B22 Example Procedures for Developing Accep-

tance-Range Criteria for Section 7 Test Cases
Annex B2318 Validation Methodologies and Other

Research Relevant to Standard 140 
Annex B2419 Informative References 
Annex C Addenda Description Information

3.1 Terms Defined for This Standard

[Informative note: Add the following definitions to Sec-
tion 3.1; cross-referenced definitions included for review
convenience; all other definitions are unchanged.]

cavity albedo: see solar lost through window.

combined radiative and convective surface coefficient:
constant of proportionality relating the rate of combined
convective and radiative heat transfer at a surface to the
temperature difference across the air film on that surface.

exterior film: as used in Section 7, see combined radiative and
convective surface coefficient.

film coefficient: see combined radiative and convective
surface coefficient.

hemispherical infrared emittance: average directional infra-
red emittance over a hemispherical envelope over the surface.
Also see infrared emittance.

infrared emittance: the ratio of the infrared spectrum radiant
flux emitted by a body to that emitted by a blackbody at the
same temperature and under the same conditions.

Addendum b to 140-2007
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interior film: as used in Section 7, see combined radiative and
convective surface coefficient.

interior solar distribution: the fraction of transmitted solar
radiation incident on specific surfaces in a room. Also see
solar distribution fraction.

raised floor exposed to air: floor system where the air temper-
ature below the floor is assumed to equal the outdoor air
temperature, the underside of the conditioned-zone floor has
an exterior film coefficient consistent with a "rough" surface
texture and zero wind speed, and the conditioned-zone floor
exterior surface (surface facing the raised floor) receives no
solar radiation, also see Section 7.2.1.5.

solar distribution fraction: the fraction of total solar radiation
transmitted through the window(s) that is absorbed by a given
surface or retransmitted (lost) back out the window(s).

solar lost: see solar lost through window.

solar lost through window: the fraction of total solar radiation
transmitted through the window(s) that is reflected by opaque
surfaces and retransmitted back out the window(s).

3.2 Abbreviations and Acronyms Used in This Standard

[Informative note: Add the following abbreviations to
Section 3.2 relevant to new language of this addendum; for
Cp, k, R, and U dual units are now provided; all other abbre-
viations are unchanged.]

A area
Abs In absorptance of inner pane
Abs Out absorptance of outer pane
Base base case
COG center of glass
Cp specific heat, J/(kg·K) [Btu/(lb·F)]
D door 3' x 6'8"
Dir. Nor. direct normal
DOE United States Department of Energy
EOG edge of glass
Heatcap heat capacity
Hemis hemispherical
HERS Home Energy Rating System
IEA International Energy Agency
k thermal conductivity, W/(m·K) [Btu/(h·ft·°F)]
LCR load to collector area ratio
Low-E low emissivity
NAHB National Association of Home Builders
NFRC National Fenestration Rating Counsil
NREL National Renewable Energy Laboratory
O.C. on centers
PROP property
R unit thermal resistance, m2·K/W [h·ft2·°F/Btu]
SC shading coefficient
S.G.L.A net south glass area (excluding window

frames)
U unit thermal conductance or overall heat

transfer coefficient, W/(m2·K) [Btu/
(h·ft2·°F)]

UAinf equivalent thermal conductance due to infil-
tration

UV ultraviolet
Val value
W window, 3' x 5'
Wp window 2'6" x 6'6"

ext exterior solar absorptance

4. METHODS OF TESTING 

[Informative Note: Make revisions in Section 4 as
shown; all of Section 4 as revised by 140-2007 Addendum a
(Data Format) is shown here. Changes include reference to
the new test cases of Section 7.2 and other related annexes,
and related editorial revisions.] 

4.1 Applicability of Test Method The method of test is
provided for analyzing and diagnosing building energy simu-
lation software using software-to-software, software-to-ana-
lytical-solution and software-to-quasi-analytical-solution
comparisons. The methodology allows different building
energy simulation programs, representing different degrees of
modeling complexity, to be tested by 

• comparing the predictions from other building energy
simulation programs to the example simulation results
provided in informative Annex B8, to the example ana-
lytical and quasi-analytical solutions and simulation
results in the informative Annex B16, to the example
simulation results provided in Informative Annex B20,
and/or to other results (simulations or analytical and
quasi-analytical solutions) that were generated using
this standard method of test; 

• checking a program against a previous version of itself
after internal code modifications to ensure that only the
intended changes actually resulted; 

• checking a program against itself after a single algorith-
mic change to understand the sensitivity between algo-
rithms; 

• diagnosing the algorithmic sources of prediction differ-
ences; diagnostic logic flow diagrams are included in
the informational Annex B9. 

4.2 Organization of Test Cases The specifications for
determining test case configurations and input values are pro-
vided case by case in Section 5 on a case-by-case basis in Sec-
tion 5 and Section 7. The test cases are divided into two
separate test classes to satisfy various levels of software mod-
eling detail. Such classification allows more convenient cita-
tion of specific sections of Standard 140 by other codes and
standards, and certifying and accrediting agencies, as appro-
priate. The Class I tests cases (Section 5) are detailed diagnos-
tic tests intended for simulation software capable of hourly or
sub-hourly simulation time steps. The Class II test cases (Sec-
tion 7) may be used for all types of building load calculation
methods, regardless of time-step granularity. The Class I
(Section 5) test cases are designed for more detailed diagnosis
of simulation models than the Class II (Section 7) test cases. 


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Weather information required for use with the test cases is
provided as described in Annex A1. Annex B1 provides an over-
view for all the test cases and contains information on those
building parameters that change from case to case; Annex B1 is
recommended for preliminary review of the tests, but do not use
it for defining the cases. Additional information regarding the
meaning of the cases is shown in the informational Annex B9 on
diagnostic logic. In some instances (e.g., Case 620, Section
5.2.2.1.2), a case developed from modifications to a given base
case (e.g., Case 600, Section 5.2.1) will also serve as the base
case for other cases. The cases are grouped as: 

(a) Class I test procedures

a. 1) Building Thermal Envelope and Fabric Load Base
Case (see Section 4.2.1.1) 

b. 2) Building Thermal Envelope and Fabric Load Basic
Tests (see Section 4.2.1.2) 
• Low mass (see Section 4.2.1.2.1) 
• High mass (see Section 4.2.1.2.2) 
• Free float (see Section 4.2.1.2.3) 

c. 3) Building Thermal Envelope and Fabric Load In-
Depth Tests (see Section 4.2.1.3) 

d. 4) Space-Cooling Equipment Performance Analyti-
cal Verification Base Case (see Section 4.2.1.4) 

e. 5) Space-Cooling Equipment Performance Parameter
Variation Analytical Verification Tests (see Section
4.2.1.5)

f. 6) Space-Cooling Equipment Performance Compara-
tive Test Base Case (see Section 4.2.1.6)

g. 7) Space-Cooling Equipment Performance Compara-
tive Tests (see Section 4.2.1.7) 

h. 8) Space-Heating Equipment Performance Analytical
Verification Base Case (see Section 4.2.1.8) 

i. 9) Space-Heating Equipment Performance Analytical
Verification Tests (see Section 4.2.1.9)

j. 10) Space-Heating Equipment Performance Compara-
tive Tests (see Section 4.2.1.10)

(b) Class II test procedures
1) Building Thermal Envelope and Fabric Load Base

Case (see Section 4.2.2.1) 
2) Building Thermal Envelope and Fabric Load Tier-1

Tests (see Section 4.2.2.2) 
3) Building Thermal Envelope and Fabric Load Tier-2

Tests (see Section 4.2.2.3) 

4.2.1 Class I Test Procedures.
4.2.1.1 Building Thermal Envelope and Fabric Load

Base Case. The base building plan is a low mass, rectangular
single zone with no interior partitions. It is presented in detail
in Section 5.2.1. 

4.2.1.2 Building Thermal Envelope and Fabric Load
Basic Tests.   The basic tests analyze the ability of software to
model building envelope loads in a low mass configuration
with the following variations: window orientation, shading
devices, setback thermostat, and night ventilation. 

4.2.1.2.1 The low mass basic tests (Cases 600
through 650) utilize lightweight walls, floor, and roof.
They are presented in detail in Section 5.2.2.1. 

4.2.1.2.2 The high mass basic tests (Cases 900
through 960) utilize masonry walls and concrete slab
floor and include an additional configuration with a suns-
pace. They are presented in detail in Section 5.2.2.2. 

4.2.1.2.3 Free-float basic tests (Cases 600FF, 650FF,
900FF, and 950FF) have no heating or cooling system.
They analyze the ability of software to model zone
temperature in both low mass and high mass configura-
tions with and without night ventilation. The tests are
presented in detail in Section 5.2.2.3.

4.2.1.3 Building Thermal Envelope and Fabric Load
In-Depth Tests. The in-depth cases are presented in detail in
Section 5.2.3. 

4.2.1.3.1 In-depth Cases 195 through 320 analyze the
ability of software to model building envelope loads for a
nondeadband ON/OFF thermostat control configuration
with the following variations among the cases: no
windows, opaque windows, exterior infrared emittance,
interior infrared emittance, infiltration, internal gains,
exterior shortwave absorptance, south solar gains, interior
shortwave absorptance, window orientation, shading
devices, and thermostat set-points. These are a detailed
set of tests designed to isolate the effects of specific algo-
rithms. However, some of the cases may be incompatible
with some building energy simulation programs. 
4.2.1.3.2 In-depth Cases 395 through 440, 800, and 810
analyze the ability of software to model building envelope
loads in a deadband thermostat control configuration with
the following variations: no windows, opaque windows,
infiltration, internal gains, exterior shortwave absorp-
tance, south solar gains, interior shortwave absorptance,
and thermal mass. This series of in-depth tests is designed
to be compatible with more building energy simulation
programs. However, the diagnosis of software using this
test series is not as precise as for Cases 195 through 320. 

4.2.1.4 Space-Cooling Equipment Performance
Analytical Verification Base Case. The configuration of
the base-case (Case CE100) building is a near-adiabatic
rectangular single zone with only user-specified internal
gains to drive steady-state cooling load. Mechanical equip-
ment specifications represent a simple unitary vapor-
compression cooling system or, more precisely, a split-
system, air-cooled condensing unit with an indoor evapo-
rator coil. Performance of this equipment is typically
modeled using manufacturer design data presented in the
form of empirically derived performance maps. This case is
presented in detail in Section 5.3.1. 

4.2.1.5 Space-Cooling Equipment Performance
Parameter Variation Analytical Verification Tests. In
these steady-state cases (cases CE110 through CE200), the
following parameters are varied: sensible internal gains,
latent internal gains, zone thermostat setpoint (entering dry-
bulb temperature [EDB]), and ODB. Parametric variations
isolate the effects of the parameters singly and in various
combinations and isolate the influence of: part-loading of
equipment, varying sensible heat ratio, “dry” coil (no latent
load) versus “wet” coil (with dehumidification) operation,
and operation at typical Air-Conditioning and Refrigeration
Institute (ARI) rating conditions. In this way the models are
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tested in various domains of the performance map. These
cases are presented in detail in Section 5.3.2. 

4.2.1.6 Space-Cooling Equipment Performance
Comparative Test Base Case. The configuration of this base
case (Case CE300) is a near-adiabatic rectangular single zone
with user-specified internal gains and outside air to drive
dynamic (hourly-varying) loads. The cases apply realistic,
hourly-varying annual weather data for a hot and humid
climate. The mechanical system is a vapor-compression cool-
ing system similar to that described in Section 4.2.1.4, except
that it is a larger system and includes an expanded perfor-
mance data set covering a wider range of operating conditions
(i.e., wider range of ODB, EDB, and EWB, the entering wet-
bulb temperature). Also, an air mixing system is present so
that outside-air mixing and economizer control models can be
tested. This case is presented in detail in Section 5.3.3.

4.2.1.7 Space-Cooling Equipment Performance
Comparative Tests. In these cases (cases CE310 through
CE545), which apply the same weather data as Case CE300,
the following parameters are varied: sensible internal gains,
latent internal gains, infiltration rate, outside air fraction, ther-
mostat set points, and economizer control settings. Results
analysis also isolates the influence of part loading of equip-
ment, ODB sensitivity, and “dry” coil (no latent load) versus
“wet” coil (with dehumidification) operation. These cases
help to scale the significance of simulation results disagree-
ments for a realistic context, which is less obvious in the
steady-state cases described above. These cases are presented
in detail in Section 5.3.4.

4.2.1.8 Space-Heating Equipment Performance
Analytical Verification Base Case. The configuration of the
base-case (Case HE100) building is a rectangular single zone
that is near-adiabatic on five faces with one heat exchange
surface (the roof). Mechanical equipment specifications
represent a simple unitary fuel fired furnace with a circulating
fan and a draft fan.  Performance of this equipment is typically
modeled using manufacturer design data presented in the form
of empirically derived performance maps. This case is
presented in detail in Section 5.4.1. 

4.2.1.9 Space-Heating Equipment Performance
Analytical Verification Tests. In these cases (cases HE110
through HE170), the following parameters are varied: effi-
ciency, weather (resulting in different load conditions from
full load to part load to no load to time varying load), circu-
lating fan operation, and draft fan operation.  In this way the
basic functionalities of the models are tested in various
domains of the performance map. These cases are presented in
detail in Section 5.4.2.

4.2.1.10 Space-Heating Equipment Performance
Comparative Tests. In these cases (cases HE210 through
HE230), the following parameters are varied: weather (realis-
tic temperature conditions are used), thermostat control strat-
egy, and furnace size (undersized furnace). In this way the
models are tested with more realistic conditions in various
domains of the performance map. These cases also test the
interactions between furnace, control, and zone models. They
are presented in detail in Section 5.4.3.

4.2.2 Class II Test Procedures.

4.2.2.1 Building Thermal Envelope and Fabric Load
Base Case. The base building plan is a 1539 ft2 single-story
house with one conditioned zone (the main floor), an uncon-
ditioned attic and a raised floor exposed to air. It is presented
in detail in Section 7.2.1. 

4.2.2.2 Building Thermal Envelope and Fabric Load
Tier-1 Tests. The Tier-1 cases test the ability of software to
model building envelope loads in the base-case configuration
with the following variations: infiltration; wall and ceiling R-
Value; glazing physical properties, area and orientation; shad-
ing by a south overhang; internal loads; exterior surface color;
energy inefficient building; raised floor exposed to air; un-
insulated and insulated slab-on-grade; un-insulated and insu-
lated basement. The Tier-1 Tests are presented in detail in
Section 7.2.2.

4.2.2.3 Building Thermal Envelope and Fabric Load
Tier-2 Tests. The Tier-2 tests consist of the following addi-
tional elements related to passive solar design: variation in
mass, glazing orientation, east and west shading, glazing area,
and south overhang. The Tier-2 tests are presented in detail in
Section 7.2.3. 

4.3 Reporting Results 

4.3.1 Standard Output Reports. The standard output
reports included on the accompanying electronic media shall
be used. Instructions regarding these reports are included in
Annex A2. Information required for this report includes 

a. software name and version number, 
b. modeling documentation using “S140outNotes.TXT” on

the accompanying electronic media for:
• Software identifying information and operating

requirements
• Modeling methods used when alternative methods

are available in the software
• Equivalent modeling methods used when the soft-

ware does not allow direct input of specified values
• Omitted test cases and results
• Changes to source code for the purpose of running

the tests, where such changes are not available in
publicly released versions of the software

• Anomalous results
c. results for simulated cases using the following files on the

accompanying electronic media: 
• Sec5-2out.XLS for the building thermal envelope

and fabric load tests of Section 5.2 
• Sec5-3Aout.XLS for the space cooling equipment

performance analytical verification tests of Sections
5.3.1 and 5.3.2 

• Sec5-3Bout.XLS for the space cooling equipment
performance comparative tests of Sections 5.3.3
and 5.3.4

• Sec5-4out.XLS for the space heating equipment
performance tests of Section 5.4

• RESULTS7-2.XLS, sheet tab ‘Sec7-2out’ for the
building thermal envelope and fabric load tests of
Section 7.2.
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Output quantities to be included in the results report are
called out specifically for each case, as they appear in the
appropriate subsections of Sections 5.2, 5.3, and 5.4, and 7.2. 

If a program being tested omits a test case, the modeler 
shall provide an explanation using the modeler report 
template provided in Annex A2.

4.3.2 Simulation Input Files. All supporting data
required for generating results with the tested software shall
be saved, including:

• Input files
• Processed weather data
• Intermediate files containing calculations used for

developing inputs
• A “Readme-softwarename-yymmdd.pdf” file that

briefly describes the contents of the above files
according to their file type (i.e., their “.xyz” file
extension).

4.4 Comparing Output to Other Results For Class I test
procedures, Annex B8 gives example simulation results for
the building thermal envelope and fabric load tests. , and
Annex B16 gives quasi-analytical solution results and exam-
ple simulation results for the HVAC equipment performance
tests. For Class II test procedures, Annex B20 gives example
simulation results. The user may choose to compare output
with the example results provided in Annex B8, and Annex
B16 and Annex B20 or with other results that were generated
using this standard method of test (including self-generated
quasi-analytical solutions related to the HVAC equipment
performance tests). For Class I test procedures, Information
information about how the example results were produced is
included in informational Annex B11 and Annex B17 for
building thermal envelope and fabric load tests, and in infor-
mative Annex B17 for HVAC equipment performance tests,
respectively. tests. For Class II test procedures, information
about how the example results were produced is included in
informational Annex B21. For the convenience to users who
wish to plot or tabulate their results along with the example
results, electronic versions of the example results have been
included on the accompanying electronic media for Annex B8
with the file RESULTS5-2.XLS; and with the following files
for Annex B16: B16 with the files RESULTS5-3A.XLS,
RESULTS5-3B.XLS and RESULTS5-4.XLS; and for Annex
B20 with the file RESULTS7-2.XLS. Documentation for nav-
igating these results files has been included on the accompa-
nying electronic media, and is printed in Annex B10. 

4.4.1 Criteria for Determining Agreement Between
Results. There are no formal criteria for when results agree or
disagree. Determination of when results agree or disagree is
left to the user. In making this determination, the user should
consider the following:

a. magnitude of results for individual cases, 
b. magnitude of difference in results between certain cases

(e.g., “Case 610 - Case 600”), 
c. same direction of sensitivity (positive or negative) for dif-

ference in results between certain cases (e.g., “Case 610 -
Case 600”), 

d. if results are logically counterintuitive with respect to
known or expected physical behavior, 

e. availability of analytical or quasi-analytical solution
results (i.e., mathematical truth standard as described in
informative Annex B16, Section B16.2), 

f. for the space-cooling and space-heating equipment per-
formance tests of Sections 5.3 and 5.4, the degree of dis-
agreement that occurred for other simulation results in
Annex B16 versus the quasi-analytical solution results.

g. Example simulation results do not represent a truth standard. 

4.4.2 Diagnostic Logic for Determining Causes of Dif-
ferences Among Results. To help the user identify what algo-
rithm in the tested program is causing specific differences
between programs, diagnostic flow charts are provided as
informational Annex B9.

4.4.3 Rules for Modifying Simulation Programs or
Simulation Inputs. Modifications to simulation programs or
simulation inputs shall have a mathematical, physical, or log-
ical basis and shall be applied consistently across tests. Arbi-
trary modification of a simulation program’s input or internal
code just for the purpose of more closely matching a given set
of results shall not be allowed.

If changes are made to the source code of the software for
the purpose of performing tests, and these changes are not
available in publicly released versions of the software, then the
changes shall be documented in sufficient detail using the
modeler report template provided in Annex A2, so that the
implications of the changes can be assessed.

4.4.4 Discussion of Anomalous Results. At the option of
the report author, anomalous test results may be explained
using the modeler report template provided in Annex A2.

[Informative Note: Revise Section 5 title as shown and
include introductory paragraph. Also change reference to
Annex A1, Section A1.4 (to A1.5) as shown. Only existing
text needed to identify changes is shown; no other changes
to Section 5.] 

5. CLASS I TEST PROCEDURES

Class I test procedures are detailed diagnostic tests
intended for use with building energy simulation software
tools having simulation time-steps of one hour or less. Energy
analysis computer tools that do not meet this simulation time-
step requirement but produce annual or seasonal results may
be evaluated using Section 7 (Class II Test Procedures) of this
standard. The Class I test cases are designed for more detailed
diagnosis of simulation models than the Class II (Section 7)
test cases.

5.1 Modeling Approach. This modeling approach shall apply
to all the test cases presented in Sections 5.2, 5.3, and 5.4. 

5.1.1 Time Convention. All references to time in this
specification are to local standard time and assume that hour
1 = the interval from midnight to 1 a.m. Do not use daylight
savings time or holidays for scheduling. TMY weather data
are in hourly bins corresponding to solar time as described in
Annex A1, Section A1.4Section A1.5. TMY2 and WYEC2
data are in hourly bins corresponding to local standard time.
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[Informative Note: Revise Section 6 title as shown.] 

6. CLASS I OUTPUT REQUIREMENTS 

 [Informative note: Normative Section 7 is all new mate-
rial. Underlining is not used here.]

7. CLASS II TEST PROCEDURES

Class II test procedures may be used for all types of build-
ing load calculation methods, regardless of time-step granu-
larity. Informative Annex B22 provides an example procedure
for developing acceptance-range criteria for Section 7 test
cases.   

7.1 Modeling Approach. This modeling approach shall
apply to all the test cases presented in Section 7.2.

7.1.1 Time Convention. All references to time in this
specification are to local standard time and assume that hour
1 = the interval from midnight to 1 a.m. Do not use daylight
savings time or holidays for scheduling. TMY weather data
are in hourly bins corresponding to solar time as described in
normative Annex A1, Section A1.5.

7.1.2 Geometry Convention. If the program being tested
includes the thickness of walls in a three-dimensional defini-
tion of the building geometry, then wall, roof, and floor thick-
nesses shall be defined such that the interior air volume of the
building model remains as specified. Make the thicknesses
extend exterior to the currently defined internal volume.

7.1.3 Nonapplicable Inputs. In some instances the spec-
ification will include input values that do not apply to the
input structure of the program being tested. When this occurs,
disregard the non-applicable inputs and continue. Such inputs
are in the specification for those programs that may need
them. 

7.1.4 Consistent Modeling Methods. Where options
exist within a simulation program for modeling a specific
thermal behavior, consistent modeling methods shall be used
for all cases. For example, if software gives a choice of meth-
ods for modeling windows, the same window modeling
method shall be used for all cases. Document the option used
in the Standard Output Report (see normative Annex A2).

7.1.5 Equivalent Modeling Methods. Where a program
or specific model within a program does not allow direct
input of specified values, or where input of specified values
causes instabilities in a program’s calculations, modelers
should develop equivalent inputs that match the intent of the
test specification as nearly as the software being tested allows.
Such equivalent inputs are to be developed based on the data
provided in the test specification, and such equivalent inputs
shall have a mathematical, physical, or logical basis, and shall
be applied consistently throughout the test cases. The modeler
shall document the equivalent modeling method in the Stan-
dard Output Report (normative Annex A2).

7.1.6 Simulation Initialization and Preconditioning. If
the program being tested allows, begin the simulation initial-
ization process with zone air conditions that equal the outdoor
air conditions. If the program being tested allows for precon-
ditioning (iterative simulation of an initial time period until

temperatures or fluxes, or both, stabilize at initial values), use
that capability.

7.1.7 Simulation Duration Results for the tests of Sec-
tion 7.2 are to be taken either from a full annual simulation or
from a seasonal simulation(s), as allowed by the program
being tested.

7.1.8 Example Acceptance-Range Criteria. For certify-
ing or accrediting agencies that may wish to consider adopt-
ing acceptance ranges, example criteria are provided in
informative Annex B22. Where application of the criteria
leads to identification of a disagreement(s) that a software
developer may wish to correct, the rules of Section 4.4.3 for
modifying simulation programs or inputs shall be applied.

7.2 Input Specifications.   The test cases are described in a
manner that allows many different residential modeling tools,
representing different degrees of modeling complexity, to be
tested. Within this structure, figures and tables are grouped as
summary data and supplemental data. The summary data,
which are based on the supplemental data, are figures and
tables that contain information that should cover most of the
input requirements for most users. The supplemental tables
contain more detailed information that was required for gen-
erating a consistent set of inputs to the programs used to gen-
erate example results provided in informative Annex B20.
Such data include: material properties for modeling thermal
mass and modeling the attic as a separate zone, interior solar
distribution fractions, combined convective and radiative sur-
face coefficients, hourly internal gains schedules, and detailed
window optical properties. Use the supplemental data as
needed, according to the inputs allowed by the tool being
tested.

Apply the modeling rules of Section 7.1 for all test cases.
Abbreviations used in the tables, figures, and text, are

defined in the acronyms and abbreviations of Section 3.

7.2.1 The Base Case Building (Case L100A). Begin with
Case L100A. Case L100A shall be modeled as detailed in this
section and its subsections.

The bulk of the work for implementing the Section 7.2
tests is assembling an accurate base building model. It is
recommended that base building inputs be double-checked
and results disagreements be diagnosed before going on to the
other cases. Informative Annex B20 includes example simu-
lation results for the test procedures of Section 7.

7.2.1.1 Weather Data. This case requires the use of
both the Colorad.TMY and Lasvega.TMY weather data pro-
vided on the electronic media accompanying this standard,
as described in normative Annex A1, Section A1.4. Colo-
rad.TMY (a clear, cold climate) shall be used for developing
heating loads, and Lasvega.TMY (a hot, dry climate) shall
be used for developing cooling loads. If the program being
tested uses a different representation of weather, such as
degree days, bin method, etc., then the above weather data
shall be processed with the tested program's weather data
processor so that the tested program’s output will be based
on the above data. 

Note: All of the Section 7 tests use the same weather data,
except the following cases do not require the use of the
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Lasvega.TMY data: L302A, L304A, L322A, L324A, P100A,
P105A, P110A, P140A and P150A.

7.2.1.1.1 Ground Reflectance. The solar reflectance
of the site ground surface = 0.2.

7.2.1.2 Output Requirements. Case L100A requires
annual or seasonal heating load and sensible cooling load output
as described in Section 8.1. Note: All of the Tier-1 tests (defined
in Sections 7.2.1 and 7.2.2) have the same output requirements,
except for cases L302A, L304A, L322A, and L324A.

7.2.1.3 Building Geometry and Material Properties.
The base building plan is a 1,539 ft2 floor area, single-story
house with one conditioned zone (the main floor), an uncon-
ditioned attic, and a raised floor exposed to air. The following
figures and tables contain information that is applicable to
most users.

Figure 7-1 Base Building Axonometric
Figure 7-2 Floor Plan - Case L100A
Figure 7-3 East Side Elevation - Case L100A
Figure 7-4 Exterior Wall Plan Section - Case L100A
Figure 7-5 Raised Floor Exposed to Air, Section - 
Case L100A
Figure 7-6 Ceiling/Attic/Roof Section - Case L100A
Figure 7-7 Interior Wall Plan Section - Case L100A
Figure 7-8 Window Detail, Vertical Slider (NFRC AA)
with 2-3/4" Wide Frame - Case L100A
Table 7-1 Building Thermal Summary - Case L100A
Table 7-2 Other Building Details - Case L100A.

Relevant supplementary tables that include more detailed
information are:

Table 7-3 Component Surface Areas and Solar Fractions
- Case L100A
Table 7-4 Material Descriptions, Exterior Wall, Door and
Window - Case L100A
Table 7-5 Material Descriptions, Raised Floor Exposed to
Air - Case L100A
Table 7-6 Material Descriptions, Ceiling, Attic and Roof
- Case L100A
Table 7-7 Material Descriptions, Ceiling/Attic/Roof,
Attic as Material Layer - Case L100A (for calculating
equivalent ceiling/attic/roof composite R-value.)
Table 7-8 Material Descriptions, Interior Wall - Case
L100A
Table 7-9 Internal Loads Schedule - Case L100A
Table 7-10 Window Summary, Single Pane Aluminum
Frame with Thermal Break - Case L100A
Table 7-11 Glazing Summary, Single Pane Center of
Glass Values - Case L100A
Table 7-12 Optical Properties as a Function of Incidence
Angle for Single-Pane Glazing - Case L100A.

Other details not described in these figures and tables are
discussed topically in the following subsections.

7.2.1.4 Attic. Many residential energy analysis tools
input an attic by specifying it within a menu of roof types, and
then specifying the insulation-only R-value corresponding to
the insulation installed on the attic floor. If this is the case for
the software being tested, then the information provided in
Figure 7-6 will be sufficient.

For programs such as those used for developing the exam-
ple results, more detailed information is required. The detailed
information for modeling an attic as a separate zone is
supplied in Table 7-6. Table 7-7 gives similar information as
Table 7-6, except in Table 7-7 the attic space is modeled as a
layer of thermal resistance between ceiling and roof materials.
Table 7-7 is included to document the calculation of ceiling/
attic/roof composite air-air R-value noted in the building ther-
mal summary of Table 7-1. In Table 7-7, the equivalent resis-
tance for the attic is based on values from the Cooling and
Heating Load Calculation Manual;B-3 typical ventilation by
natural effects and roof solar absorptance of 0.6 were
assumed. The equivalence of the one-zone model versus the
two-zone base case was verified with sensitivity tests using
BLAST and SERIRES/SUNCODE.B-4, B-5

As with other components, except where explicitly varied
by the test specification, the attic must be modeled consis-
tently for all test cases such that the modeling rules of Section
7.1 are applied.

7.2.1.5 Raised Floor Exposed to Air. To simulate a
raised floor exposed to air, the test cases require the following
assumptions:

• air temperature below raised floor is assumed to equal
outdoor air temperature

• the underside of the conditioned-zone floor has an exte-
rior film coefficient of 2.2 Btu/(h·ft2·°F), consistent with
a "rough" surface texture and zero windspeed; if the pro-
gram being tested cannot set the exterior surface coeffi-
cient to a fixed value, then allow exterior surface
coefficient to vary with wind speed.

• the conditioned-zone floor exterior surface (surface fac-
ing the raised floor) receives no solar radiation.

The assumption of the air temperature below the raised
floor being equal to ambient temperature may be approxi-
mated either by modeling a building that is hovering 10 feet or
more above the ground (raised floor on stilts for example), or
modeling a very highly ventilated crawl space. The zero solar-
radiation-to-exterior-floor assumption can be modeled by
assigning the highest solar reflectance allowed by the software
being tested to the underside of the floor and/or defining shad-
ing planes where walls would be if the raised floor were
modeled as a crawl space.

7.2.1.6 Interior Walls. The interior walls within the
conditioned zone have been included for the purpose of mod-
eling the effect of their mass.  They are not intended to divide
the conditioned zone into separately controlled zones.

7.2.1.7 Infiltration. Infiltration rates are specified in
Table 7-2. The Colorad.TMY and Lasvega.TMY climate sites
are at 6145 ft and 2178 ft altitude, respectively, so the density
of air is less than that at sea-level for both locations. If the pro-
gram being tested does not use barometric pressure from the
weather data, or otherwise does not automatically correct for
the change in air density caused by altitude, then adjust the
specified infiltration rates (to yield mass flows equivalent to
what would occur at the specified altitude) as shown in Table
7-2. The listed infiltration rate is independent of wind speed,
indoor/outdoor temperature difference, etc. Only use the attic
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Figure 7-6    Ceiling/ attic/ roof section—Case L100A.
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Figure 7-7    Interior wall plan section—Case L100A.
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Figure 7-8    Window detail, vertical slider (NFRC AA) with 2 3/4” wide frame—Case L100A.
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TABLE 7-1  Building Thermal Summary—Case L100A

 Area R U UA HEATCAP

 ft2 h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·°F) Btu/F

ELEMENT  (Note 1) (Note 1) (Note 1) (Note 2)

Exterior Walls (Note 3) 1034 11.76 0.085 87.9 1383

North Windows (Note 4) 90 0.96 1.039 93.5

East Windows (Note 4) 45 0.96 1.039 46.7

West Windows (Note 4) 45 0.96 1.039 46.7

South Windows (Note 4) 90 0.96 1.039 93.5

Doors 40 3.04 0.329 13.2 62

Ceiling/Attic/Roof (Note 5) 1539 20.48 0.049 75.1 1665

Floor (Note 5) 1539 14.15 0.071 108.8 1471

Infiltration (Note 6)

   Colorado Springs, CO (Colorad.TMY) 118.2

   Las Vegas, NV (Lasvega.TMY) 136.9

Interior Walls 1024 1425

TOTAL BUILDING  6006

   Excluding Infiltration 565.5

   Including Infiltration (Colorado Springs, CO) 683.7  

   Including Infiltration (Las Vegas, NV) 702.4  

WINDOW SUMMARY: SINGLE PANE, ALUMINUM FRAME WITH THERMAL BREAK 

(Note 7) Area U SHGC Trans. SC

 Btu/(h·ft2·°F) (dir. nor.) (dir. nor.)

 ft2 (Note 1) (Note 8) (Note 9) (Note 10)

Glass pane  10.96 1.064 0.857 0.837 1.000

Aluminum sash with thermal break 4.04 0.971

Window, composite  15.00 1.039 0.670 0.612 0.781

Note 1: Includes interior and exterior surface coefficients.

Note 2: Heat capacity includes building mass within the thermal envelope (e.g., insulation and insulation thickness of structural framing are included, exterior siding and roof/attic
mass are excluded).

Note 3: Excludes area of windows and doors. ASHRAE framed area fraction of 0.25 is assumed for 2x4 16" O.C. construction.

Note 4: Window area and other properties are for glass and frame combined. The accompanying window summary disaggregates glass and frame properties for a single window unit.
North and south walls contain six window units each; east and west walls contain three window units each.

Note 5: ASHRAE roof/ceiling framing area fraction of 0.1 applied to both ceiling and floor. 

Note 6: Infiltration UA = (infiltration mass flow) × (specific heat). Assumes air properties: specific heat = 0.240 Btu/(lb·°F); density = 0.075 lb/ft3 at sea level, adjusted for altitude
per informative Annex B3, Section B3.3. The following values were used to obtain infiltration UA:

Location ACH Volume Altitude UA,inf

   (ft3) (ft) (Btu/(h·°F))

 Colorado Springs 0.67 12312 6145 118.2

 Las Vegas 0.67 12312 2178 136.9

Note 7: This data summarizes one complete window unit per detailed description of Figure 7-8 and Tables 7-10 through 7-12.

Note 8: SHGC is the Solar Heat Gain Coefficient that includes the inward flowing fraction of absorbed direct normal solar radiation in addition to direct normal transmittance. For
more detail, see ASHRAE 1993 Fundamentals, chapter 27 (Reference B-7).

Note 9:  "Trans." is the direct normal transmittance.

Note 10: Shading coefficient (SC) is the ratio of direct normal SHGC for a specific glazing unit to direct normal SHGC for the WINDOW 4.1 reference glazing unit.
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TABLE 7-2  Other Building Details—Case L100A

Conditioned Zone Attic (unconditioned)

AIR VOLUME (ft3) 12312 3463

INFILTRATION ACH CFM ACH CFM

 Tools w/ automatic altitude adjustment 0.670 137.5 2.400 138.5

 Tools w/ site fixed at sea level (Note 1)

      Colorado Springs, CO 0.533 109.4 1.910 110.2

      Las Vegas, NV 0.618 126.8 2.213 127.7

INTERNAL GAINS Sensible Latent Sensible Latent

Daily internal gains (Btu/day) 56105 12156 0.0 0.0

 (see Table 7-9 for hourly profile)

COMBINED RADIATIVE AND CONVECTIVE SURFACE (FILM) COEFFICIENTS 

(Note 2) Exterior film U-val Interior film U-val

Btu/(h·ft2·°F) Btu/(h·ft2·°F)

Walls and doors 5.748 1.460

Ceiling n/a 1.307

Roof 5.748 1.330

Raised floor exposed to air 2.200 1.307

Window 4.256 1.460

Window frame 4.256 1.460

SURFACE RADIATIVE PROPERTIES Exterior Interior

Shortwave (visible and UV) absorptance 0.600 0.600

Longwave (infrared) emittance 0.900 0.900

Note 1: Informative Annex B3 describes the algorithm used for adjusting infiltration rates if the software being tested does not account for variation of air density with altitude (i.e.,
site fixed at sea level).

Note 2: More information about combined surface coefficients is included in informative Annexes B4 and B5.
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TABLE 7-3  Component Surface Areas and Solar Fractions—Case L100A

 HEIGHT or INSIDE

 LENGTH WIDTH MULTIPLIER AREA SOLAR

ELEMENT ft ft ft2 FRACTION

EXT. NORTH/SOUTH WALLS (Note 1)

Gross Wall 8.0 57.0 1.0 456.0

   Gross Window 5.0 3.0 6.0 90.0

      Window Frame Only 24.2 0.0031

   Door 6.67 3.0 1.0 20.0 0.0026

   Net Wall (Note 2) 346.0

      Insulated Wall (Note 2) 259.5 0.0332

      Framed Wall (Note 2) 86.5 0.0111

EXTERIOR EAST/WEST WALLS

Gross Wall 8.0 27.0 1.0 216.0

   Gross Window 5.0 3.0 3.0 45.0

      Window Frame Only 12.1 0.0016

   Net Wall (Note 2) 171.0

      Insulated Wall (Note 2) 128.3 0.0164

      Framed Wall (Note 2) 42.8 0.0055

INTERIOR WALLS 

Gross Wall (Note 3) 8.0 128.0 1024.0

   Unframed Wall (Note 3) 921.6 0.1179

   Framed Wall (Note 3) 102.4 0.0131

FLOOR/CEILING

Gross Floor/Ceiling 57.0 27.0 1.0 1539.0

   Insulated Floor/Ceiling (Note 4) 1385.1 0.1772

   Framed Floor/Ceiling (Note 4) 153.9 0.0197

ROOF       

Roof Deck (Note 5) 57.0 14.2 2.0 1622.2

Attic E/W Gable (Note 6) 4.5 27.0 2.0 121.5

TRANSMITTED SOLAR, INTERIOR DISTRIBUTION SUMMARY    

Total Opaque Interior Surface Area (Note 7) 6272.7 0.8024

Solar to Air (or low mass furnishings) 0.1750 (Note 8)

Solar Lost (back out through windows) 0.0226 (Note 9)

Note 1: Solar energy transmitted through windows is assumed as distributed to interior opaque surfaces in proportion to their areas. Only the radiation not directly absorbed by light-
weight furnishings (assumed to exist only for the purpose of calculating inside solar fraction) or not lost back out through windows is distributed to interior opaque surfaces.

Note 2: Net wall area is gross wall area less the rough opening areas of the windows and door. Insulated and framed exterior wall sections are defined in Figure 7-4. ASHRAE framed 
area fraction of 0.25 is assumed for 2x4 16" O.C. construction.

Note 3: Width is the total length of all interior walls. Framed wall area is assumed to be 10% of gross wall area for 2x4 16" O.C. framing. Only one side of the wall is considered 
for listed area. This area is multiplied by 2 for determining solar fractions. Solar fractions shown are for just one side of the interior wall.

Note 4: Insulated and framed floor and ceiling sections are defined in Figures 7-5 and 7-6 respectively. ASHRAE roof/ceiling framing area fraction of 0.1 applied to both ceiling 
and floor.

Note 5: The multiplier accounts for both the northward and southward sloped portions of the roof deck.

Note 6: Gable area is calculated as a triangle. Multiplier accounts for east- and west-facing gable ends.

Note 7: Total area of just those surfaces to which an inside solar fraction is applied.

Note 8: Based on the midpoint of the range given by SUNCODE-PC User's Manual, p. 2-16.
Note 9: Calculated using the algorithm described in informative Annex B7, Section B7.2.
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TABLE 7-4  Material Descriptions Exterior Wall, Door, Window—CaseL100A

EXTERIOR WALL (inside to outside)

 Thickness R U k DENSITY Cp  

ELEMENT in.
h·ft2·°F/

Btu
Btu/

(h·ft2·°F)
Btu/

(h·ft·°F)
lb/ft3 Btu/(lb·°F)  

Int Surf Coef 0.685 1.460  

Plasterboard 0.5 0.450 2.222 0.0926 50.0 0.26  

Fiberglass batt (Note 1) 3.5 11.000 0.091 0.0265 0.6 0.20  

Frame 2x4, 16" O.C. (Note 2) 3.5 4.373 0.229 0.0667 32.0 0.33  

Fiberboard sheathing 0.5 1.320 0.758 0.0316 18.0 0.31  

Hardboard siding, 7/16" 0.44 0.670 1.492 0.0544 40.0 0.28  

Ext Surf Coef (Note 3) 0.174 5.748  

Total air - air, insulated section
Total air - air, frame section
Total air - air, composite section (Note 4)

14.299
7.672

11.760

0.070
0.130
0.085

 

Total surf - surf, insulated section
Total surf - surf, frame section
Total surf - surf, composite section (Note 5)

13.440
6.813

10.901

0.074
0.147
0.092

 

DOOR        

Solid core door 1.75 2.179 0.459 0.0669 32.0 0.33  

Total air - air, door only (Note 6) 3.038 0.329     

WINDOW SUMMARY: SINGLE PANE, ALUMINUM FRAME WITH THERMAL BREAK 

(Note 7) Thickness Area R U SHGC Trans. SC

 in. ft2
h·ft2·°F/

Btu
Btu/

(h·ft2·°F)
(dir. nor.) (dir. nor.)

ELEMENT (Source) (Note 8) (Note 9) (Note 10)

Int surf coef, glass 0.685 1.460

Int surf coef, frame 0.685 1.460

Glass pane 0.118 10.96 0.020 49.371 0.857 0.837 1.000

Aluminum sash w/ thermal break 4.04 0.110 9.096

Ext surf coef (Note 11) 0.235 4.256

Window composite air-air 15.00 0.963 1.039 0.670 0.612 0.781

Note 1: Insulated section only, see Figure 7-4 for section view of wall.  

Note 2: Framed section only, see Figure 7-4 for section view of wall.  

Note 3: 10.7 mph wind speed and brick/rough plaster roughness assumed; see informative Annexes B4 and B5 for more information about exterior film coefficients. 

Note 4: Total composite R-values based on 75% insulated section 25% frame area section per ASHRAE. Thermal properties of windows and doors are not included in this composite
calculation.

Note 5: Total surf-surf composite R-value is the total air-air composite R-value less the resistances due to the film coefficients. 

Note 6: Door has same film coefficients as exterior wall.  

Note 7: This section summarizes the detailed window description of Tables 7-10 through 7-12. Areas pertain to one complete window unit only (see Figure 7-8). If the software being
tested is capable of modeling windows in greater detail than shown here, then use Tables 7-10 through 7-12.

Note 8: SHGC is the Solar Heat Gain Coefficient, which includes the inward flowing fraction of absorbed direct normal solar radiation in addition to direct normal transmittance.
For more detail, see ASHRAE 1993 Fundamentals, chp. 27 (Reference B-7).

Note 9: "Trans." is the direct normal transmittance.  

Note 10: Shading coefficient (SC) is the ratio of direct normal SHGC for a specific glazing unit to direct normal SHGC for the WINDOW 4.1 reference glazing unit.

Note 11: Exterior surface coefficient is the same for both frame and glass; see informative Annexes B4 and B5 for more about exterior film coefficients.
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TABLE 7-5  Material Descriptions, Raised Floor Exposed to Air—Case L100A

RAISED FLOOR EXPOSED TO AIR (inside to outside) 

 Thickness R U k DENSITY Cp

ELEMENT in. h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·ft·°F) lb/ft3 Btu/(lb·°F)

Int Surf Coef (Note 1) 0.765 1.307

Carpet w/ fibrous pad (Note 2) 2.080 0.481 0.34

Plywood 3/4" 0.75 0.937 1.067 0.0667 34.0 0.29

Fiberglass batt (Note 3) 3.5 11.000 0.091 0.0265 0.6 0.20

Joists 2x8, 16" O.C. (Note 4) 3.5 4.373 0.229 0.0667 32.0 0.33

Ext Surf Coef (Note 5) 0.455 2.200

Total air-air, insulated section 15.237 0.066

Total air-air, frame section 8.609 0.116

Total air-air, composite section (Note 6) 14.148 0.071

Total surf-surf, composite section (Note 7) 12.928 0.077

Note 1. Average of ASHRAE heating and cooling coefficients.   

Note 2. There is not enough information available for modeling thermal mass of carpet.  

Note 3. Insulated sections only, see Figure 7-5 for section view of floor.  

Note 4. Framed section only, see Figure 7-5 for section view of floor. For modeling purposes, thickness is the same as for insulation; remaining length is assumed to be at ambient air
temperature and is not considered as thermal mass.

Note 5. Still air and brick/rough plaster roughness assumed; see informative Annex B4 for exterior film coefficient as a function of wind speed and surface roughness. This coefficient
is applied to the 1539 ft2 floor area.

Note 6. ASHRAE roof/ceiling framing area fraction of 0.1 applied.  

Note 7. Total air-air composite R-value less the film resistances.   
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TABLE 7-6  Material Descriptions, Ceiling, Attic, and Roof—Case L100A

CASE L100: CEILING/ATTIC/ROOF (inside to outside), attic as unconditioned zone

(Note 1) Thickness R U k DENSITY Cp

ELEMENT in. h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·ft·°F) lb/ft3 Btu/(lb·°F)

CEILING (1539 ft2 total area)

Int Surf Coef (Note 2) 0.765 1.307

Plasterboard 0.5 0.450 2.222 0.0926 50.0 0.26

Fiberglass batt (Note 3) 6.25 19.000 0.053 0.0274 0.6 0.20

Joists 2x6, 24" O.C. (Note 4) 5.5 6.872 0.146 0.0667 32.0 0.33

Int Surf Coef (Note 2) 0.765 1.307

 

Total air-air, insulated section 20.980 0.048

Total air-air, framed section 8.852 0.113

Total air-air, composite section   (Note 5) 18.452 0.054

 

Total surf - surf, composite section   (Note 5) 16.922 0.059

END GABLES (121.5 ft2 total area)

Int Surf Coef 0.685 1.460

Plywood 1/2" 0.5 0.625 1.601 0.0667 34.0 0.29

Hardboard siding, 7/16" 0.44 0.670 1.492 0.0544 40.0 0.28

Ext Surf Coef (Note 6) 0.174 5.748

 

Total air-air 2.154 0.464

ROOF (1622 ft2 total area)

Int Surf Coef (Note 7) 0.752 1.330

Plywood 1/2" 0.5 0.625 1.601 0.0667 34.0 0.29

Asphalt shingle 1/4" 0.25 0.440 2.273 0.0473 70.0 0.30

Ext Surf Coef (Note 6) 0.174 5.748

 

Total air-air  1.991 0.502  

 

Total Roof/Gable UA, surf-surf (Note 8) 1711 Btu/(h·°F)

Note 1: This table is for modeling the attic as a separate zone.     

Note 2: Average of ASHRAE heating and cooling coefficients, horizontal surface.

Note 3: Insulated section only, see Figure 7-6 for section view of ceiling.  

Note 4: Framed section only, see Figure 7-6 for section view of ceiling.  

Note 5: Based on 10% frame area fraction per ASHRAE; applies to temperature difference between room air and attic air. The "composite surf-surf" R-value is the composite air-
air R-value less the two interior film coefficient R-values.

Note 6: 10.7 mph wind speed and brick/rough plaster roughness assumed; see informative Annex B4 for more about exterior film coefficients. 

Note 7: Average for ASHRAE upward and downward heat flow through sloped surface, interpolated on cosine of roof pitch angle. 

Note 8: Area weighted sum of plywood and asphalt shingle or wood siding material layers, does not include film coefficients. This value used for developing Table 7-7. 
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TABLE 7-7  Material Descriptions, Ceiling/Attic/Roof, Attic as Material Layer—Case L100A

COMPOSITE CEILING/ATTIC/ROOF (inside to outside)

Thickness R U k DENSITY Cp

ELEMENT in. h·ft2·°F/Btu
Btu/

(h·ft2·°F)
Btu/

(h·ft·°F)
lb/ft3 Btu/(lb·°F)

CEILING/ATTIC AIR (1539 ft2 total area)

Int Surf Coef 0.765 1.307

Plasterboard 0.5 0.450 2.222 0.0926 50.0 0.26

Fiberglass batt (Note 1) 6.25 19.000 0.053 0.0274 0.6 0.20

Joists 2x6, 24" O.C. (Note 2) 5.5 6.872 0.146 0.0667 32.0 0.33

Attic air space (Note 3) 1.550 0.645

ROOF DECK AND GABLE PROPERTIES SCALED TO CEILING AREA, 1539 ft2   (Note 4)  

Plywood 1/2" 0.5 0.515 1.940 0.0808 41.2 0.29

Hybrid shingle/siding (Note 5) 0.25 0.384 2.605 0.0543 84.8 0.30

Total roof deck/gable, surf-surf (Note 6) 0.899 1.112

Ext Surf Coef (Note 7) 0.144 6.967

 

SUMMARY CEILING/ATTIC/ROOF

 

Total air-air, insulated section 22.808 0.044

Total air-air, framed section 10.679 0.094

Total composite, air-air (Note 8) 20.482 0.049

 

Total composite, surf-surf (Note 9) 19.573 0.051

Note 1: Insulated section only, see Figure 7-6 for section view of ceiling/attic/roof.

Note 2: Framed section only, see Figure 7-6 for section view of ceiling/attic/roof.

Note 3: Average winter/summer values for natural ventilation (2.4 ach), R-19 ceiling insulation, ext abs = 0.6, includes interior films.

Note 4: Scaled properties are presented for use with ASHRAE equivalent attic air space R-value. U, R and k are scaled on area, while density and specific heat are scaled on volume
(area and thickness).

Note 5: This "material" combines roofing and end gable materials into one hybrid layer of material. 

Note 6: Based on total roof/gable UA, surf-surf calculated in Table 7-6.

Note 7: Scaled to 1539 ft2

Note 8: (ceiling interior film coefficient) + (ceiling materials) + (attic as material layer) + (scaled roof deck/gable materials) + (scaled exterior film coefficient). Based on 90% insulated
section and 10% frame section per ASHRAE.

Note 9: Based on total air-air R-value less R-values of interior film coefficient and scaled exterior film coefficient.
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TABLE 7-8  Material Descriptions, Interior Wall—Case L100A

INTERIOR WALL  

Thickness R U k DENSITY Cp

ELEMENT (Source) in. h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·ft·°F) lb/ft3 Btu/(lb·°F)

Int Surf Coef 0.685 1.460

Plasterboard 0.50 0.450 2.222 0.0926 50.0 0.26

Frame 2x4, 16" O.C. (Note 1) 3.50 4.373 0.229 0.0667 32.0 0.33

Plasterboard 0.50 0.450 2.222 0.0926 50.0 0.26

Int Surf Coef 0.685 1.460

  

Note 1: Frame 2x4 only applies to 10% of the interior wall area. Remaining area is air space that is disregarded. 

TABLE 7-9  Internal Loads Schedule—Case L100A

Hour Sensible Latent Hour Sensible Latent

of Day Load (Btu) Load (Btu) of Day Load (Btu) Load (Btu)

(Note 1) (Note 2) (Note 2)    

1 1139 247 13 1707 370

2 1139 247 14 1424 308

3 1139 247 15 1480 321

4 1139 247 16 1480 321

5 1139 247 17 2164 469

6 1903 412 18 2334 506

7 2391 518 19 2505 543

8 4782 1036 20 3928 851

9 2790 604 21 3928 851

10 1707 370 22 4101 888

11 1707 370 23 4101 888

12 2277 493 24 3701 802

 Totals 56105 12156

Note 1: Hour 1 = the interval from midnight to 1am.
Note 2: Includes all possible sources of internal gains; sensible loads are 70% radiative and 30% convective.
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TABLE 7-10  Window Summary, Single Pane Aluminum Frame 
with Thermal Breaks—Case L100A

Property   Value Units Notes   

GENERAL PROPERTIES    

Area, gross window 15.00 ft2 (Note 1)  

Width, frame 2.75 in.   

Area, frame 4.04 ft2   

Area, edge of glass (EOG) 3.57 ft2   

Area, center of glass (COG) 7.39 ft2   

Area, net glass  10.96 ft2 (Area,EOG + Area,COG)  

OPTICAL PROPERTIES   

Absorptance, frame 0.60   

Transmittance, frame 0.00   

COG/EOG optical properties (see Table 7-11) (Note 2)  

Solar Heat Gain Coefficient 
(SHGC), gross window

0.670 (Note 3)  

Shading Coefficient (SC),
gross window

0.781 (Note 3)  

Dividers, curtains, blinds, and
other obstructions in window

None   

      

THERMAL PROPERTIES (conductances/resistances include film coefficients)  

Conductance, frame
(R-Value)

0.971
1.030

Btu/(h·ft2·°F)
h·ft2·°F/Btu

Aluminum frame with thermal break
(Note 4)

Conductance, edge of glass
(R-Value) 

 
1.064
0.940

Btu/(h·ft2·°F)
h·ft2·°F/Btu

 

Conductance, center of glass
 (R-Value)

1.064
0.940

Btu/(h·ft2·°F)
h·ft2·°F/Btu

  

Conductance, net glass
(R-Value) 

1.064
0.940

Btu/(h·ft2·°F)
h·ft2·°F/Btu

(Note 5)  

Conductance, gross window
(R-Value) 

1.039
0.963

Btu/(h·ft2·°F)
h·ft2·°F/Btu

(Note 6)  

COMBINED SURFACE COEFFICIENT CONDUCTANCES

Exterior Surf Coef, glass and frame 4.256 Btu/(h·ft2·°F) based on output of WINDOW 4.1

Interior Surface Coefficient, glass 1.460 Btu/(h·ft2·°F) based on output of WINDOW 4.1

Interior Surface Coefficient, frame 1.460 Btu/(h·ft2·°F) from ASHRAE (Note 7)

Note 1: Area for one representative window unit. See Fig. 7-8 for a schematic representation of frame, center-of- glass (COG) and edge-of-glass (EOG) areas; dimensions are based
on an NFRC size AA vertical slider. Gross window area is the sum of frame, COG and EOG areas.

Note 2: Edge-of-glass optical properties are the same as the center-of-glass properties. Table 7-12 gives optical properties as a function of incidence angle.

Note 3: These are the overall window (including COG, EOG, and frame) properties for direct normal solar radiation. 

Note 4: The frame conductance presented here is based on the ASHRAE value for operable 1-pane window with aluminum frame with thermal break adjusted for the exterior surface
coefficients also shown in this table. Material properties for dynamic modeling of window frames (density, specific heat, etc.) are not given.

Note 5: Net glass conductance includes only the COG and EOG portions of the window.

Note 6: Gross window conductance includes the frame, EOG, and COG portions of the window.

Note 7: See Informative Annex B5, Section B5.3.
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TABLE 7-11  Glazing Summary, Single Pane Center of Glass Values—Case L100A

Property   Value Units

GENERAL PROPERTIES

Number of Panes 1

Pane Thickness  0.118 in.

SINGLE PANE OPTICAL PROPERTIES (Note 1)

Transmittance 0.837

Reflectance 0.075

Absorptance 0.088

Index of Refraction 1.5223

Extinction Coefficient 0.7806 /in.

Solar Heat Gain Coefficient (SHGC) 0.857

Shading Coefficient (SC) 1.000

Optical Properties as a Function of Incident Angle (See Table 7-12)

THERMAL PROPERTIES

Conductivity of Glass  0.520 Btu/(h·ft·°F)

Conductance of Glass Pane
(R-Value)

52.881
0.019

Btu/(h·ft2·°F)
h·ft2·°F/Btu

Exterior Combined Surface Coefficient
(R-Value)

4.256
0.235

Btu/(h·ft2·°F)
h·ft2·°F/Btu

Interior Combined Surface Coefficient
(R-Value)

1.460
0.685

Btu/(h·ft2·°F)
h·ft2·°F/Btu

U-Value from Interior Air to Ambient Air
(R-Value)

1.064
0.940

Btu/(h·ft2·°F)
h·ft2·°F/Btu

Hemispherical Infrared Emittance 0.84

Infrared Transmittance 0

Density of Glass 154 lb/ft3

Specific Heat of Glass  0.18 Btu/(lb·°F)

Note 1: Optical properties listed in this table are for direct normal radiation.
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7.2.2 The Tier 1 Test Cases. This section describes revi-
sions to the base building required to model the other Tier 1
cases. In some instances the base building for a case is not
Case L100A. Cases for which L100A is not the basis are:

For convenience, relevant portions of the appropriate base
building tables and figures have been reprinted, with changes
highlighted in bold font. Where applicable, summary figures
and tables are listed first, with supplementary tables listed
afterward.

7.2.2.1 Case L110A: High Infiltration (1.5 ACH).
Case L110A is exactly as Case L100A, except that infiltra-
tion for the conditioned zone is changed as shown in Table 7-
13. Attic infiltration rate remains unchanged. 

The Colorad.TMY and Lasvega.TMY climate sites are at
6145 ft and 2178 ft altitude, respectively, so the density of air
is less than that at sea-level for both locations. If the program
being tested does not use barometric pressure from the
weather data, or otherwise does not automatically corrects for

the change in air density caused by altitude, then adjust the
specified infiltration rates (to yield mass flows equivalent to
what would occur at the specified altitude) as shown in Table
7-13. The listed infiltration rate is independent of wind speed,
indoor/outdoor temperature difference, etc. The calculation
technique used for developing altitude effects on infiltration is
included in informative Annex B3.

7.2.2.2 Case L120A: Well-Insulated Walls and Roof.
Case L120A is exactly as Case L100A, except that an extra
layer of R-38 batt insulation has been added to the ceiling, and
exterior walls have 2x6 24" O.C. framing and R-18 batt insu-
lation with R-7.2 polyisocyanurate exterior board insulation.
The following figures and table highlight information that is
expected to be useful to most users.

• Figure 7-9 Exterior Wall Plan Section - Case L120A

• Figure 7-10 Ceiling Section - Case L120A

• Table 7-14 Building Thermal Summary - Case L120A.

Relevant supplementary tables that include more detailed
information are:

• Table 7-15 Component Surface Areas and Solar Frac-
tions - Case L120A

• Table 7-16 Material Descriptions, Exterior Wall - Case
L120A

• Table 7-17 Material Descriptions, Ceiling - Case L120A

• Table 7-18 Material Descriptions for Attic as Material
Layer - Case L120A (for calculation of equivalent ceil-
ing/attic/roof composite R-value, see discussion of the
base building attic in Section 7.2.1.4).

TABLE 7-12  Optical Properties as a Function of Incidence Angle for Single Pane Glazing—Case L100A

Properties (Notes 1, 2)

Angle Trans Refl Abs SHGC

0 0.837 0.075 0.088 0.857

10 0.836 0.075 0.089 0.857

20 0.835 0.075 0.090 0.856

30 0.830 0.077 0.093 0.852

40 0.821 0.083 0.097 0.843

50 0.800 0.099 0.101 0.823

60 0.752 0.143 0.105 0.776

70 0.639 0.253 0.108 0.664

80 0.390 0.505 0.105 0.414

90 0.000 1.000 0.000 0.000

Hemis 0.756 0.136 0.098 0.779

Note1: Trans = Transmittance, Refl = Reflectance, Abs = Absorptance, SHGC = Solar Heat Gain Coefficient, Hemis = Hemispherically integrated property.

Note 2: Output is from WINDOW 4.1 for the following properties at direct normal incidence: transmittance = 0.837, reflectance = 0.075. SHGC accounts for surface coefficients,
and is based on wind speed = 10.7 mph.

Case Basis for that Case

L155A L150A

L202A L200A

L304A L302A

L324A L322A

TABLE 7-13  Conditioned Zone Infiltration 
for Case L110A

Infiltration Algorithm ACH CFM

w/ automatic altitude adjustment 1.5 307.8

w/ site fixed at sea level
   Colorado Springs, CO
   Las Vegas, NV

1.194
1.383

244.9
283.9
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Figure 7-9    Exterior wall plan section—Case L120A.

Note: Changes to Case L100A are highlighted with bold font. 

CD-RH06-A0327320A

Figure 7-10   Ceiling section—Case L120A.

Note: Changes to Case L100A are highlighted with bold font. 

CD-RH06-A0327320B
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TABLE 7-14  Building Thermal Summary—Case L120A

 Area R U UA HEATCAP

ELEMENT ft2 h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·°F) Btu/°F

(Note 1) (Note 2) (Note 2) (Note 2) (Note 3)

Exterior Walls (Note 4) 1034 23.58 0.042 43.8 1749

North Windows 90 0.96 1.039 93.5

East Windows 45 0.96 1.039 46.7

West Windows 45 0.96 1.039 46.7

South Windows 90 0.96 1.039 93.5

Doors 40 3.04 0.329 13.2 62

Ceiling/Attic/Roof (Note 5) 1539 59.53 0.017 25.9 1850

Floor (Note 5) 1539 14.15 0.071 108.8 1471

Infiltration 

   Colorado Springs, CO 118.2

   Las Vegas, NV 136.9

Interior Walls 1024 1425

TOTAL BUILDING    6556

   Excluding Infiltration 472.1

   Including Infiltration (Colorado Springs, CO) 590.3

   Including Infiltration (Las Vegas, NV)   609.1

Note 1: Changes to Case L100A are highlighted by bold font. 

Note 2: Includes interior and exterior surface coefficients.

Note 3: Heat capacity includes building mass within the thermal envelope (e.g., insulation and insulation thickness of structural framing are included, exterior siding and roof/attic
mass are excluded).

Note 4: Excludes window and door area. ASHRAE framed area fraction of 0.22 used for 2x6 24" O.C. construction.

Note 5: ASHRAE roof/ceiling framing area fraction of 0.1 used for both ceiling and floor. 

TABLE 7-15  Component Surface Areas and Solar Fractions—Case L120A

   INSIDE  

ELEMENT AREA SOLAR

(Note 1)  ft2 FRACTION  

EXTERIOR NORTH/SOUTH WALLS (Note 2)

Net Wall (Note 3) 346.0

   Insulated Wall (Note 4) 269.9 0.0345

   Framed Wall (Note 4) 76.1 0.0097  

EXTERIOR EAST/WEST WALLS

Net Wall (Note 3) 171.0

   Insulated Wall (Note 4) 133.4 0.0171

   Framed Wall (Note 4) 37.6 0.0048  

Note 1. Changes to Case L100A are highlighted by bold font. All other surface areas remain as in Case L100A.

Note 2. Solar energy transmitted through windows is assumed as distributed to interior opaque surfaces in proportion to their areas. Only the radiation not directly absorbed by light-
weight furnishings (assumed to exist only for the purpose of calculating inside solar fraction) or lost back out through windows is distributed to interior opaque surfaces.

Note 3. Net wall area is the gross wall area less the rough opening areas of the windows and door. 

Note 4. Insulated and framed exterior wall sections are defined in Figure 7-9. ASHRAE framed area fraction of 0.22 is assumed for 2x6 24" O.C. construction.
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TABLE 7-16  Material Descriptions, Exterior Wall—Case L120A

EXTERIOR WALL (inside to outside) (Note 1)      

Thickness R U k DENSITY Cp

ELEMENT (Source) in.
h·ft2·°F/

Btu
Btu/

(h·ft2·°F)
Btu/(h·ft·°F) lb/ft3 Btu/(lb·°F)

Int Surf Coef 0.685 1.460

Plasterboard 0.5 0.450 2.222 0.0926 50.0 0.26

Fiberglass batt (Note 2) 5.5 18.000 0.056 0.0255 0.68 0.20

Frame 2x6 24" O.C. (Note 3) 5.5 6.872 0.146 0.0667 32.0 0.33

Isocyanurate board insulation 1.0 7.200 0.139 0.0116 2.0 0.22

Hardboard siding, 7/16" 0.44 0.670 1.492 0.0544 40.0 0.28

Ext Surf Coef 0.174 5.748

 

Total air - air, insulated section 27.179 0.037  

Total air - air, frame section 16.051 0.062  

Total air - air, composite section (Note 4) 23.582 0.042  

  

Total surf - surf, insulated section 26.320 0.038  

Total surf - surf, frame section 15.192 0.066  

Total surf - surf, composite section (Note 5) 22.723 0.044  

Note 1: Changes to Case L100A are highlighted in bold font.

Note 2: Insulated section only, see Figure 7-9 for wall section view. Properties adjusted for compression of batt into cavity.

Note 3: Framed section only, see Figure 7-9 for section view of wall. 

Note 4: Total composite R-values from 78% insulated section, 22% framed section per ASHRAE. Thermal properties of windows and doors are not included in this composite
calculation.

Note 5: Total surf-surf composite R-value is the total air-air composite R-value less the resistances due to the film coefficients. 

            © American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). For personal use only. 
Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE’s prior written permission.



32 ANSI/ASHRAE Addendum b to ANSI/ASHRAE Standard 140-2007

TABLE 7-17  Material Descriptions, Ceiling—Case L120A

CEILING (inside to outside) (Note 1)

Thickness R U k DENSITY Cp

ELEMENT in. h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·ft·°F) lb/ft3 Btu/(lb·°F)

CEILING (1539 ft2 total area)

Int Surf Coef 0.765 1.307

Plasterboard 0.5 0.450 2.222 0.0926 50.0 0.26

Fiberglass batt (Note 2) 6.25 19.000 0.053 0.0274 0.6 0.20

Joists 2x6 24" O.C. (Note 3) 5.5 6.872 0.146 0.0667 32.0 0.33

Fiberglass batt 12.0 38.000 0.026 0.0263 0.6 0.20

Int Surf Coef 0.765 1.307

Total air-air, insulated section
Total air-air, framed section
Total air-air, composite section (Note 4)

58.980
46.852
57.492

0.017
0.021
0.017

Total surf-surf, composite sec. (Note 4) 55.962 0.018

Note 1: Changes to Case L100A are highlighted with bold font. Use this table if attic modeled as separate zone.

Note 2: Insulated section only, see Figure 7-10 for section view of ceiling. 

Note 3: Framed section only, see Figure 7-10 for section view of ceiling. 

Note 4: Based on 90% insulated section and 10% frame section per ASHRAE; applies to temperature difference between room air and attic air. The "Composite surf-surf" R-value
is the composite air-air R-value less the two interior film coefficient R-values.
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7.2.2.3 Case L130A: Double-Pane Low-Emissivity
Window with Wood Frame. Case L130A is exactly as Case
L100A, except that all single-pane windows are replaced
with double-pane low-emissivity (low-e) windows with wood
frames and insulated spacers. The basic properties of the win-
dow, including shading coefficient, solar heat gain coefficient
and thermal resistance, are provided in:

• Table 7-19 Building Thermal Summary - Case L130A.
Window and frame geometry remain as for Case L100A.

Relevant supplementary tables that include more detailed
information are:

• Table 7-20 Window Summary (Double-Pane, Low-E,
Argon Fill, Wood Frame, Insulated Spacer) -Case L130A

• Table 7-21 Glazing Summary, Low-E Glazing System with
Argon Gas Fill (Center of Glass Values) - Case L130A

• Table 7-22 Optical Properties as a Function of Incidence
Angle for Low-Emissivity Double-Pane Glazing - Case
L130A

• Table 7-23 Component Solar Fractions - Case L130A.

Use only the information that is relevant to the program
being tested. Window properties are drawn from the
WINDOW 4.1B-6 software for window thermal analysis. For
programs that need transmittance or reflectance at other
angles of incidence, interpolate between the values of Table
7-22 using the cosine of the incidence angle as the basis of
interpolation. Where other unspecified data are needed, then
values that are consistent with those quoted must be calcu-
lated.

There is a slight change in interior surface solar distribu-
tion caused by reduced solar lost (cavity albedo); for those
tools that can vary this input, values are included in Table 7-23.

Because of the large number of changes to the glazing for
this case, Tables 7-20 through 7-22 have not been highlighted
with bold font to show where changes occurred.

TABLE 7-18  Material Descriptions for Attic as Material Layer—Case L120A

COMPOSITE CEILING/ATTIC/ROOF (inside to outside) 

(Note 1) Thickness R U k DENSITY Cp

ELEMENT in. h·ft2·°F/Btu
Btu/

(h·ft2·°F)
Btu/

(h·ft·°F)
lb/ft3

Btu/
(lb·°F)

CEILING/ATTIC (1539 ft2 total area)  

Int Surf Coef 0.765 1.307  

Plasterboard 0.5 0.450 2.222 0.0926 50.0 0.26

Fiberglass batt (Note 2) 6.25 19.000 0.053 0.0274 0.6 0.20

Joists 2x6 24" O.C. (Note 3) 5.5 6.872 0.146 0.0667 32.0 0.33

Fiberglass batt 12.0 38.000 0.026 0.0263 0.6 0.20

Attic air space (Note 4) 1.750 0.571  

Total roof deck/gable, surf-surf (Note 5) 0.899 1.112  

Ext Surf Coef (Note 6) 0.144 6.967  

SUMMARY CEILING/ATTIC/ROOF  

Total air-air, insulated section 61.008 0.016  

Total air-air, framed section 48.879 0.020  

Total air-air, composite section (Note 7) 59.531 0.017  

Total surf-surf, composite sec. (Note 8) 58.622 0.017  

Note 1: Changes to Case L100A are highlighted by bold font. Use this table if attic modeled as material layer.

Note 2. Insulated section only, see Figure 7-10 for section view of ceiling.

Note 3. Insulated section only, see Figure 7-10 for section view of ceiling.

Note 4. Average winter/summer values for natural vent (2.4 ach), R-30 ceiling insulation, ext abs = 0.6, includes interior films.

Note 5. From Table 7-7 (Case L100A).

Note 6. Scaled to 1539 ft2.

Note 7. Based on 10% frame area fraction per ASHRAE; applies to temperature difference between room air and ambient air.

Note 8. Based on total air-air R-value less R-values of interior film coefficient and scaled exterior film coefficient.
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TABLE 7-19  Building Thermal Summary—Case L130A

 Area R U UA HEATCAP

ELEMENT ft2 h·ft2·°F/Btu Btu/(h·ft2·°F) Btu/(h·°F) Btu/°F

(Note 1) (Note 2) (Note 2) (Note 2) (Note 3)

Exterior Walls (Note 4) 1034 11.76 0.085 87.9 1383

North Windows (Note 5) 90 3.33 0.300 27.0

East Windows (Note 5) 45 3.33 0.300 13.5

West Windows (Note 5) 45 3.33 0.300 13.5

South Windows (Note 5) 90 3.33 0.300 27.0

Doors 40 3.04 0.329 13.2 62

Ceiling/Attic/Roof (Note 6) 1539 20.48 0.049 75.1 1665

Floor (Note 6) 1539 14.15 0.071 108.8 1471

Infiltration 

   Colorado Springs, CO 118.2

   Las Vegas, NV 136.9

Interior Walls 1024 1425

TOTAL BUILDING 6006

   Excluding Infiltration 366.1  

   Including Infiltration (Colorado Springs, CO) 484.3  

   Including Infiltration (Las Vegas, NV)  503.1  

WINDOW SUMMARY: DOUBLE-PANE, LOW-E, WOOD FRAME, INSULATED SPACER 

(Note 7) Area U SHGC Trans. SC

 Btu/(h·ft2·°F) (dir. nor.) (dir. nor.)

 ft2 (Note 2) (Note 8) (Note 9) (Note 10)

Dbl-pane, low-e, argon 10.96 0.247 0.432 0.387 0.504

Wood frame, insulated spacer 4.04 0.446

Window, composite 15.00 0.300 0.335 0.283 0.391

Note 1: Changes to Case L100A are highlighted by bold font. 

Note 2: Includes interior and exterior surface coefficients.

Note 3: Heat capacity includes building mass within the thermal envelope (e.g., insulation and insulation thickness of structural framing are included, exterior siding and roof/attic
mass are excluded).

Note 4: Excludes area of windows and doors. ASHRAE framed area fraction of 0.25 is assumed for 2x4 16" O.C. construction.

Note 5: Window area and other properties are for glass and frame combined. The accompanying window summary disaggregates glass and frame properties for a single window unit.
North and south walls contain six window units each; east and west walls contain three window units each.

Note 6: ASHRAE roof/ceiling framing area fraction of 0.1 applied to both ceiling and floor. 

Note 7: This data summarizes one complete detailed window unit per Figure 7-8 and Tables 7-20 through 7-22. 

Note 8: SHGC is the Solar Heat Gain Coefficient, which includes the inward flowing fraction of absorbed direct normal solar radiation in addition to direct normal transmittance.
For more detail, see ASHRAE 1993 Fundamentals, chapter 27 (Reference B-7).

Note 9:  "Trans." is the direct normal transmittance.

Note 10: Shading coefficient (SC) is the ratio of direct normal SHGC for a specific glazing unit to direct normal SHGC for the WINDOW 4.1 reference glazing unit.
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TABLE 7-20  Window Summary (Double-Pane, Low-E, Argon Fill, 
Wood Frame, Insulated Spacer)—Case L130A

Property Value Units Notes

GENERAL PROPERTIES

Area, gross window 15.00 ft2 (Note 1)

Width, frame 2.75 in.

Area, frame 4.04 ft2

Area, edge of glass (EOG) 3.57 ft2

Area, center of glass (COG) 7.39 ft2

Area, net glass 10.96 ft2 (Area,EOG + Area,COG)

OPTICAL PROPERTIES

Absorptance, frame 0.60

Transmittance, frame 0.00

COG/EOG optical properties (see Table 7-21) (Note 2)

Solar Heat Gain Coefficient 
(SHGC), gross window

0.335 (Note 3)

Shading Coefficient (SC),
gross window 

0.391 (Note 3)

Dividers, curtains, blinds, and
other obstructions in window

None

THERMAL PROPERTIES (conductances/resistances include film coefficients) 

Conductance, frame
(R-Value)

0.446
2.242

Btu/(h·ft2·°F)
h·ft2·°F/Btu

(Note 4)

Conductance, edge of glass
(R-Value)

0.265
3.774

Btu/(h·ft2·°F)
h·ft2·°F/Btu

Conductance, center of glass
(R-Value)

0.238
4.202

Btu/(h·ft2·°F)
h·ft2·°F/Btu

Conductance, net glass
(R-Value)

0.247
4.052

Btu/(h·ft2·°F)
h·ft2·°F/Btu

(Note 5)

Conductance, gross window
(R-Value)

0.300
3.329

Btu/(h·ft2·°F)
h·ft2·°F/Btu

(Note 6)

COMBINED SURFACE COEFFICIENT CONDUCTANCES

Exterior Surf Coef, glass and frame 4.256 Btu/(h·ft2·°F) based on output of WINDOW 4.1

Interior Surface Coefficient, glass 1.333 Btu/(h·ft2·°F) based on output of WINDOW 4.1

Interior Surface Coefficient, frame 1.460 Btu/(h·ft2·°F) from ASHRAE (Note 7)

Note 1: Area for one representative window unit. See Fig. 7-8 for a schematic representation of frame, center-of- glass (COG) and edge-of-glass (EOG) areas; dimensions are based
on an NFRC size AA vertical slider. Gross window area is the sum of frame, COG, and EOG areas.

Note 2: Edge-of-glass optical properties are the same as the center-of-glass optical properties. Table 7-22 gives optical properties as a function of incidence angle.

Note 3: These are overall window (including COG, EOG, and frame) properties for direct normal solar radiation. 

Note 4: The frame conductance presented here is based on the ASHRAE value for operable two-pane window with wood/vinyl frame and insulated spacer adjusted for the exterior
surface coefficients also shown in this table. Material properties for dynamic modeling of window frames (density, specific heat, etc.) are not given

Note 5: Net glass conductance includes only the COG and EOG portions of the window.

Note 6: Gross window conductance includes the frame, EOG, and COG portions of the window. 

Note 7: See Informative Annex B5, Section B5.3.
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TABLE 7-21  Glazing Summary, Low-E Glazing System with Argon Gas Fill 
(Center of Glass Values)—Case L130A

Property   Value Units  

GENERAL PROPERTIES  

Number of Panes 2  

Pane Thickness 0.118 in.  

Argon Gap Thickness 0.500 in.  

OUTER PANE OPTICAL PROP. (Note 1, Note 2)  

Transmittance 0.450  

Reflectance 0.340  

Absorptance 0.210  

Index of Refraction (Note 3)  

Extinction Coefficient (Note 3)  

INNER PANE OPTICAL PROP.  

Transmittance 0.837  

Reflectance 0.075  

Absorptance 0.088  

Index of Refraction 1.5223  

Extinction Coefficient 0.7806 /in.  

DOUBLE PANE OPTICAL PROP.    

Transmittance 0.387  

Reflectance 0.356  

Absorptance (outer pane) 0.216  

Absorptance (inner pane) 0.041  

Solar Heat Gain Coefficient (SHGC) 0.432  

Shading Coefficient (SC) 0.504  

Optical Properties as a Function
of Incident Angle

   (See Table 7-22)  

THERMAL PROPERTIES   

Conductivity of Glass  0.520 Btu/(h·ft·°F)  

Combined Radiative and Convective Coefficient of Argon Gap
(R-Value)

0.316
3.170

Btu/(h·ft2·°F)
h·ft2·°F/Btu

 

Conductance of Glass Pane
(R-Value) 

 
52.881
0.019

Btu/(h·ft2·°F)
h·ft2·°F/Btu

 

Exterior Combined Surface Coef.
(R-Value)

4.256
0.235

Btu/(h·ft2·°F)
h·ft2·°F/Btu

 

Interior Combined Surface Coef.
 (R-Value)

1.333
0.750

Btu/(h·ft2·°F)
h·ft2·°F/Btu

 

U-Value, Air-Air
(R-Value)

0.238
4.202

Btu/(h·ft2·°F)
h·ft2·°F/Btu

 

Hemispherical Infrared Emittance 0.84 (Note 2)  

Infrared Transmittance 0  

Density of Glass 154 lb/ft3  

Specific Heat of Glass  0.18 Btu/(lb·°F)  
Note 1: Optical properties listed in this table are for direct normal radiation.

Note 2: The inside facing surface of the outer pane has emissivity = 0.04.

Note 3: Single values of index of refraction and extinction coefficient do not adequately describe the optical properties of coated glass.
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TABLE 7-22  Optical Properties as a Function of Incidence Angle 
for Low-Emissivity Double-Pane Glazing—Case L130A

Properties (Notes 1, 2)

Angle Trans Refl Abs Out Abs In SHGC

0 0.387 0.356 0.216 0.041 0.432

10 0.390 0.350 0.219 0.041 0.434

20 0.384 0.349 0.226 0.041 0.429

30 0.376 0.351 0.231 0.042 0.422

40 0.366 0.359 0.232 0.043 0.413

50 0.347 0.374 0.236 0.044 0.394

60 0.305 0.402 0.250 0.043 0.353

70 0.226 0.472 0.264 0.038 0.271

80 0.107 0.640 0.224 0.029 0.142

90 0.000 0.999 0.001 0.000 0.000

Hemis 0.323 0.391 0.235 0.041 0.369

Note 1: Trans = Transmittance, Refl = Reflectance, Abs Out = Absorptance of outer pane, Abs In = Absorptance of inner pane, SHGC = Solar Heat Gain Coefficient, Hemis = Hemi-
spherically integrated property. Transmittance, reflectance, and SHGC are overall properties for the glazing system (inside pane, argon fill, and outer pane) excluding the frame.

Note 2: Output is from WINDOW 4.1. SHGC accounts for surface coefficients, and is based on windspeed = 10.7 mph.
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TABLE 7-23  Component Solar Fractions—Case L130A

 HEIGHT or INSIDE  

ELEMENT LENGTH WIDTH MULTIPLIER AREA SOLAR  

(Note 1) ft ft ft2 FRACTION  

EXTERIOR NORTH/SOUTH WALLS (Note 2)  

Gross Wall 8.0 57.0 1.0 456.0  

   Gross Window 5.0 3.0 6.0 90.0  

      Window Frame Only 24.2 0.0031  

   Door 6.67 3.0 1.0 20.0 0.0026  

   Net Wall (Note 3) 346.0  

      Insulated Wall (Note 3) 259.5 0.0335  

      Framed Wall (Note 3) 86.5 0.0112  

EXTERIOR EAST/WEST WALLS  

Gross Wall 8.0 27.0 1.0 216.0  

   Gross Window 5.0 3.0 3.0 45.0  

      Window Frame Only 12.1 0.0016  

   Net Wall (Note 3) 171.0  

      Insulated Wall (Note 3) 128.3 0.0166  

      Framed Wall (Note 3) 42.8 0.0055  

INTERIOR WALLS  

Gross Wall (Note 4) 8.0 128.0 1024.0  

   Unframed Wall (Note 4) 921.6 0.1189  

   Framed Wall (Note 4) 102.4 0.0132  

FLOOR/CEILING       

Gross Floor/Ceiling 57.0 27.0 1.0 1539.0  

   Insulated Floor/Ceiling (Note 5) 1385.1 0.1788  

   Framed Floor/Ceiling (Note 5) 153.9 0.0199  

TRANSMITTED SOLAR, INTERIOR DISTRIBUTION SUMMARY    

Total Opaque Interior Surface Area (Note 6) 6272.7 0.8096

Solar to Air (or low mass furnishings) 0.1750 (Note 7)

Solar Lost (back out through windows) 0.0154 (Note 8)

Note 1: Changes to Case L100A are highlighted with bold font.

Note 2: Solar energy transmitted through windows is assumed as distributed to interior opaque surfaces in proportion to their areas. Only the radiation not directly absorbed by light-
weight furnishings (assumed to exist only for the purpose of calculating inside solar fraction) or not lost back out through windows is distributed to interior opaque surfaces.

Note 3: Net wall area is gross wall area less the rough opening areas of the windows and door. Insulated and framed exterior wall sections are defined in Figure 7-4. ASHRAE framed
area fraction of 0.25 is assumed for 2x4 16" O.C. construction.

Note 4: Width is the total length of all interior walls. Framed wall area is assumed to be 10% of gross wall area for 2x4 16" O.C. framing. Only one side of the wall is considered
for listed area. This area is multiplied by 2 for determining solar fractions. Solar fractions shown are for just one side of the interior wall. 

Note 5: Insulated and framed floor and ceiling sections are defined in Figures 7-5 and 7-6 respectively. ASHRAE roof/ceiling framing area fraction of 0.1 applied to both ceiling and
floor.

Note 6: Total area of just those surfaces to which an inside solar fraction is applied.

Note 7: Based on the midpoint of the range given by SUNCODE-PC User's Manual, p. 2-16.

Note 8: Calculated using the algorithm described in informative Annex B7, Section B7.2.
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