Volume

DOFE-2.2

Building Energy Use and Cost Analysis Program

Volume 4: Libraries & Reports
March 2009

LAWRENCE BERKELEY NATIONAL LABORATORY
JAMES J. HIRSCH & ASSOCIATES



DOE-2.2 BUILDING ENERGY USE AND COST ANALYSIS PROGRAM

Volume 4: Libraries & Reports

E. O. Lawrence Berkeley National Laboratory
Simulation Research Group
Berkeley, California 94720

James J. Hirsch & Associates
12185 Presilla Road.
Camarillo, CA 93012-9243
Phone 805.553.9000 ¢ Fax 805.532.2401

Copyright ©1995-2009 James J. Hirsch



LIBRARIES & REPORTS AXKNOWLEDGEMENTS

Acknowledgements

DOE-2.2, both the program and its documentation, are based upon earlier versions of DOE-2. The
DOE-2 family of programs was created primarily through a partnership between James J. Hirsch &
Associates (JJH) and Lawrence Berkeley National Laboratory (LBNL) with additional contributions, over
a twenty five year period, from a large number of individuals and institutions around the world. Support
for the continued development of DOE-2, over its two decades of wide distribution, has come from
many public and private agencies, companies and educational institutions around the world. The primary
support for DOE-2 development, however, has come from public funds provided by the United States
Department of Energy (USDOE) and the United States electric and gas utility industry; particularly the
USDOE Office of Energy Efficiency and Renewable Energy Building Technologies Program, Southern
California Edison Company’s Energy Efficiency Division, and the Electric Power Research Institute’s
Customer Systems Division.

Authorship of the DOE-2.2 program components and documentation is an ongoing team effort that has
its roots in previous versions going back over twenty-five years and we expect will continue into future
decades. The contributions to DOE-2, both directly as authors and indirectly in the form of advice,
comment and testing or feedback, are too numerous to catalog here; however, the primary authors are
mentioned below in alphabetical order. Currently, and over the past decade, Marlin Addison, Scott
Criswell, Steve Gates, Jeff Hirsch, and Kevin Madison, as consulting staff for JJH, are the major
contributors to DOE-2.2. Fred Buhl, Ender Erdem, Kathy Ellington and Fred Winkelmann, as staff
members of the Environmental Energy Technologies Division’s Simulation Research Group at LBNL,
were major contributors to the initial version of DOE-2.2. The primary contributors to the previous
versions of DOE-2 (2.1E, 2.1D, 2.1C, etc) were Fred Buhl, Ender Erdem, Kathy Ellington, Steve Gates,
Jeff Hirsch and Fred Winkelmann, as LBNL staff and Steve Gates and Jeff Hirsch as consulting staff for

The authors of DOE-2.2 also wish to acknowledge many persons who, apart from the financial support
provided by their organizations, have provided vision and insight that has been instrumental to the
ongoing support of the DOE-2 family of products, including DOE-2.1, DOE-2.2, PowerDOE and
eQUEST. In particular we express our thanks to Gregg Ander, and his staff, and Janith Johnson, and her
staff, at Southern California Edison Company.



LIBRARIES & REPORTS TABLE OF CONTENTS

Table of Contents

ACKNOWLEDGEMENTS I
ABLE OF CONTENTS 1I
ENVELOPE LIBRARIES 1
MATERIAL LIBRARY 2
Building Materials 2
Insulating Materials 11

Air Spaces 13
CONSTRUCTION LAYERS LIBRARY 14
Excterior-Wall Constructions. 15

Roof Constructions 17
Interior-Wall Constructions. 18
WINDOW LIBRARY 19
Legacy DOE-2 Window Library 20
Window Manufacturers Window Library 26
WINDOW-LAYER LIBRARY 43
LIGHTING LIBRARIES 55
LIGHTING-SYSTEM LAMP-TYPE LIBRARY 56
LIGHTING-SYSTEM LUMINAIRE-TYPE LIBRARY 65
MECHANICAL EQUIPMENT LIBRARIES 74
REPORTS 76
REPORT MAP 77
LOADS-REPORT 81
LV-A General Project Parameters 81
LV-B Summary of Spaces. 82
LV-C Details of Space <space name> 83
LV-D Details of Exterior Surfaces 86
LV-E Details of Undergronnd Surfaces 88
LV-F Details of Interior Surfaces 89
L1V-G Details of Schedules 90
LV-H Details of Windows 91
LV-I Details of Constructions. 92
LV~ Details of Building Shades 93
LV-K Weighting Factor Summary. 94
LV-L Daylight Factor Summary 96
L1-M DOE-2.2 Units Conversion Table 101
LV-N Building Coordinate Geometry 103
LS-A Space Peak Loads Summary 104
LS-B Space Peak 1oad Components <space name> 105
LS-C Building Peak 1.oad Components 107
LS-D  Building Monthly Loads Summary 109
LS-E Space Monthly Load Components <space name> 111
LS-F Building Monthly 1oad Comp s 114
LS-G Space Daylighting Summary <space name> 115
LS-H Energy Reduction By Daylight <space name> 117
LS-I Energy Reduction By Daylight BUILDING 118
LS-] Daylight 1/luminance Frequency <space name> 119
LS-K Space Input Fuels Summary <space name> 120
LS-L. Management and Solar Summary <space name> 122
LS-M Daylight Illuminance Ref Put <1 or 2> <space name> 123
SYSTEM-REPORT 124
SV=A System Design Parameters for <system nane> 124
SV=-A System Design Parameters for <space name> (REFRIGERATED EQUIPMENT) 128
SV-B Zone Fan Data <system name> (PIU systems only) 130

S5S8-* Overview of Report Family 132

S8-A System Loads Summary for <system name> 134




LIBRARIES & REPORTS TABLE OF CONTENTS

SS-B System Loads Summary for <system name> 136
S8-C System Load Hours for <system name> 138
SS8-D Building HVVAC Load Summary 140
SS-E Building HVVAC Ioad Hours 142
SS-F Zone Demand Summary for <gone name> 144
S8-G Zone Loads Summary for <zone name> 145
SS-H System Utility Energy Use for <system name> 146
SS-1 Sensible/ Latent Summary for <system name> 147
SS8-] Peak Heating and Cooling for <system name> 148
SS-K Space Temperature Summary for <system name> 150
SS-L Fan Electric Energy Use for <system name> 152
S8-M Building HV . AC Fan Elec Energy 154
SS-N' Relative Humidity Summary for <system name> 155
858-O Space Temperature Summary for <zone name> 156
S8-P Heating/ Cooling Performance Summary of <zone or system name> 157
S8-Q Heat Pump Cooling/ Heating Summary for <system name> 159
SS-R Zone Performance Summary for <system name> 161
SUPL. Evap/ Desiccant Cooling for <system name> 162
ERV” Energy Recovery Summary for <system name> 163
REFG Refrigeration Equipment Summary in <system name> 166
PLANT-REPORT 167
PV-A Plant Design Parameters 167
PS-A Plant Energy Utilization 170
PS-B Utility and Fuel Use Summary 172
PS-C Eguipment Loads and Energy Use 173
PS-D Circulation 1ogp 1oads 174
PS-E Energy End-Use Summary for all <Electric/ Fuel> Meters. 175
TDV2 TDV Energy End-Use Summary for All <Electric/ Fuel> Meters 178
PS-F Energy End-Use Summary for <meter name> 181
TDV3 TDV End-Use Summary for - <meter name> 184
PS-H Loads and Energy Usage for <loop name> 188
PS-H Ioads and Energy Usage for <pump name> 191
PS-H Loads and Energy Usage for <equipment name> 194
PS-H Ioads and Energy Usage for <GLHX name> 196
BEPS Building Energy Performan 198
TDV'1 TDV Energy Performance Summary 200
BEPU Building Utility Performance 202
ECONOMICS-REPORT 203
EV-A Life-Cycle Costing Parameters 203
ES-A Annual Costs and Savings 205
ES-B Life-Cycle Non-Energy Costs 207
ES-C Life-Cycle Investment Savings. 208
ES-D Energy Cost Summary 210
ES-E Summary of Utility-Rate: <utility rate name> 211
ES-F Block-Charges and Ratchets for <utility rate name> 213
ES-G Summary of Pollutant Production 216
ES-H Pollutant Production by Block-Charge 217
HOURLY-REPORT AND REPORT-BLOCK 219
Introduction 219
HOURLY REPORT PLOT. 220
GLOBAL 222
BUILDING-1.LOADS. 225
SPACE 227
EXTERIOR-WALL 230
WINDOW 231
DOOR 234
ZONE 235
SYSTEM, 243
BUILDING-HVAC 260
CIRCULATION-LOOP 262
PUMP 264
CHILILER 265
BOILER 267
ELEC-GENERATOR 269
P1”-MODULE 271
DW-HEATER 272
HEAT-REJECTION 274
THERMAL-STORAGE 275
ELEC-METER 276
FUEL-METER 277
STEAM-METER 278

CHW-METER 279




LIBRARIES & REPORTS TABLE OF CONTENTS

GROUND-LOOP-HX. 280




LIBRARIES & REPORTS

Section

Envelope Libraries

This section contains the libraries used to construct the building envelope. Included here are:
e Materials Libraries
e Constructions

e Windows

1 Envelope Libraries
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MATERIAL LIBRARY

The following tables list the materials in the Library. Three categories are given: (1) building materials, (2) insulating materials and (3) air spaces.

The format of the tables is as follows. The left-hand column gives the code-word that you use as one of the entries in the list of values of the MATERIAL
keyword in the LAYERS command. The next two columns give the description and thickness of the material. The last four columns give the thermophysical
properties in both English and metric units.

Because the code-words contain blanks they must be enclosed in parentheses when used in your input. For example:
WA-1-2 = LAYERS
MATERIAL = (*“Wood Sft 3/4in (WD01)”,

“MinWool Batt R11 (INO2)”,
“GypBd 1/2in (GP01)”) ..

The portion of a code-word in parentheses gives the DOE-2.1E name for the material. For example, for the code-word “Wood Sft 3/4in (WDO01)”” the DOE-
2.1E name is WDO1.

Materials whose code-words contain “HE”; such as “ClayTile 4in (HF-C1)” are so-called “ASHRAE” materials. These materials are listed in Table 11, Chapter
28 of ASHRAE Handbook, 1997 Fundamentals, American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc.

Building Materials

ENVELOPE LIBRARIES

Table 1 Building Materials
Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/lb-F hr-ft2-F/Btu
(m) (W/mK) (kg/m?) () /kgK) (K-m2/W)
Acoustic Tile
AcousTile 3/8in (ACO1) 3/8in (1 cm) 0.0313 (0.0095) 0.0330 (0.057) 18.0 (288) 0.32 (1339) 0.95 (0.167)
AcousTile 1/2in (AC02) 1/2in (1.3cm) 0.0417 (0.0127) 0.0330 (0.057) 18.0 (288) 0.32 (1339) 1.26 (0.222)
AcousTile 3/4in (AC03) 3/4in (1.9cm) 0.0625 (0.0191) 0.0330 (0.057) 18.0 (288) 0.32 (1339) 1.89 (0.333)
AcousTile (HF-E5) 3/4in (1.9cm) 0.0625 (0.0191) 0.0350 (0.061) 30.0 (480) 0.20 (2142) 1.79 (0.313)
Aluminum or Steel Siding
Steel Siding (ASO1) | [ 0.0050 (0.0015) | 26.000 (44.97) | 480.0 (7690) | 0.10 (418) | 1.9x104(3.3x10)
Asbestos-Cement
AbsCem Bd 1/8in (ABO1) Board, 1/8 in 0.0104 (0.0032) 0.3450 (0.597) 120.0 (1922) 0.2 (837) 0.03 (0.005)
(0.32 cm)
AbsCem Bd 1/4in (AB02) Board, 1/4 in 0.0208 (0.0063) 0.3450 (0.597) 120.0 (1922) 0.2 (837) 0.06 (0.011)
(0.63 cm)

Materials
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Table 1 Building Materials
Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/lb-F hr-ft2-F/Btu
(m) W/m-K) (kg/m?) (K] /kgK) (K-m?/W)

AbsCem Shingle (AB03) Shingle | | 0.21 (0.037)

AbsCem Siding (AB04) Lapped Siding, 0.21 (0.037)
1/4 in (0.63 cm)

Asbestos Vinyl Tile

AbsVinyl Tile (AVO1) | 0.05 (0.009)

Asphalt |

Asph Roll Roof (AR01) Roofing Roll 0.15 (0.026)

Asph Siding (AR02) Shlngle and Siding 0.44 (0078)

Ashp Tile (AR03) Tile | 0.05 (0.009)

Brick

Com Brick 4in (BKO01) 4in (10.1cm) 0.3333 (0.1016) 0.4167 (0.721) 120.0 (1922) 0.20 (837) 0.80 (0.141)
Common

Com Brick 8in (BK02) 8 in (20.3 cm) 0.6667 (0.2032) 0.4167 (0.721) 120.0 (1922) 0.20 (837) 1.60 (0.282)
Common

Com Brick 12in (BK03) 12in (30.5 cm) 1.0000 (0.3048) 0.4167 (0.721) 120.0 (1922) 0.20 (837) 2.40 (0.423)
Common

Face Brick 3in (BKO04) 3 in (7.6cm) Face | 0.2500 (0.0762) 0.7576 (1.310) 130.0 (2083) 0.22 (921) 0.33 (0.058)

Face Brick 4in (BK05) 4in (10.1cm) 0.3333 (0.1016) 0.7576 (1.310) 130.0 (2083) 0.22 (921) 0.44 (0.078)
Face

Face Brick 4in (HF-A2) 4 in (10.1cm) 0.3333 (0.1016) 0.7700 (1.331) 130.0 (2083) 0.22 (921) 0.43 (0.076)
Face

Face Brick 4in (HF-A7) 4in (10.1cm) 0.3333 (0.1016) 0.7700 (1.331) 125.0 (2003) 0.22 (921) 0.43 (0.076)
Face

Com Brick 4in (HF-C4) 4 in (10.1cm) 0.3333 (0.1016) 0.4200 (0.727) 120.0 (1922) 0.2 (837) 0.79 (0.140)
Common

Com Brick 8in (HF-C9) 8 in (20.3cm) 0.6667 (0.2032) 0.4200 (0.727) 120.0 (1922) 0.2 (837) 1.59 (0.280)
Common

Building Paper

Bldg Paper Felt (BP01) Permeable Felt 0.06 (0.011)

Bldg Paper Seal (BP02) 2-Layer Seal | 0.12 (0.022)

Plastic Film Seal (BP03) Plastic Film Seal 0.01 (0.002)

Built-Up Roof

Blt-Up Roof 3/8in (BRO1) [ 3/8in (1 cm) [ 0.0313 (0.0095) [ 0.0939 (0.162) | 70.0 (1121) | 0.35 (1464) [ 0.33 (0.026)

Carpet

Carpet & Fiber Pad (CP01) With Fibrous Pad 2.08 (0.367)

Carpet & Rubber Pad (CP02) With Rubber Pad 1.23 (0.217)

Cement

Cmt Mortar 1in (CMO1)  Mortar, lin [ 0.0833 (0.0254) [ 04167 (0.721) | 116.0 (1858) | 0.2 (837) [ 0.20 (0.035)

3 Materials
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ENVELOPE LIBRARIES

Table 1 Building Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/ht-ft2-F Ib/ft3 Btu/Ib-F ht-ft2-F/Btu
(m) (W/m-K) (kg/m?) (k] /kgK) (K-m2/W)
(2.5 cm) |
Cmt Mortar 1.75in (CM02) Mortar, 1.75 in 0.1458 (0.0444) 0.4167 (0.721) 116.0 (1858) 0.2 (837) 0.35 (0.062)
(4.4 cm)
Cmt Plaster 1in (CMO03) Plaster with Sand 0.0833 (0.0254) 0.4167 (0.721) 116.0 (1858) 0.2 (837) 0.20 (0.035
Aggregate, 1 in
(2.5 cm)
Clay Tile, Hollow
Hol ClayTile 3in (CT01) 1 Cell, 3in (7.6cm) | 0.2500 (0.0762) 0.3125 (0.498) 70.0 (1121) 0.2 (837) 0.80 (0.272)
Hol ClayTile 4in (CT02) 1 Cell, 4 in 0.3333 (0.1016) 0.2999 (0.519) 70.0 (1121) 0.2 (837) 1.11 (0.196)
(10.1cm)
Hol ClayTile 6in (CT03) 2 Cells, 6 in 0.5000 (0.1524) 0.3300 (0.571) 70.0 (1121) 0.2 (837) 1.52 (0.268)
(15.2 cm)
Hol ClayTile 8in (CT04) 2 Cells, 81in 0.6667 (0.2032) 0.3600 (0.623) 70.0 (1121) 0.2 (837) 1.85 (0.326)
(20.3cm)
Hol ClayTile 10in (CT05) 2 Cells, 10 in (25.4 | 0.8333 (0.2540) 0.3749 (0.648) 70.0 (1121) 0.2 (837) 2.22 (0.391)
cm
)
Hol ClayTile 12in (CT06) 3 Cells, 121in (30.5 | 1.0000 (0.3048) 0.4000 (0.692) 70.0 (1121) 0.2 (837) 2.50 (0.441)
cm)
ClayTile 4in (HF-C1) 4in (10.1cm) 0.3333 (0.1016) | 0.3300 (0.571) 70.0 (1121) 0.2 (837) 1.01 (0.178)
ClayTile 8in (HF-C6) 8 in (20.3cm) 0.6667 (0.2032) | 0.3300 (0.571) 70.0 (1121) 0.2 (837) 2.02 (0.357)
Clay Tile, Paver
ClayTile Paver 3/8in (CT11) | 3/8 in (1 cm) [ 0.0313 (0.0095) | 1.0416 (1.802) | 120.0 (1922) | 0.2(837) | 0.03 (0.005)
Concrete, Heavy Weight Dried Aggregate, 140 1bs.
Conc HW 1401b 1.25in 1.251in (3.2 cm) 0.1042 (0.0318) 0.7576 (1.310) 140.0 (2243) 0.2 (837) 0.14 (0.025)
(CCOn
Conc HW 1401b 2in (CC02) 2in (5.1 cm) 0.1667 (0.0508) 0.7576 (1.310) 140.0 (2243) 0.2 (837) 0.22 (0.039)
Conc HW 1401b 4in (CC03) 4 in (10.1cm) 0.3333 (0.1016) 0.7576 (1.310) 140.0 (2243) 0.2 (837) 0.44 (0.078)
Conc HW 1401b 6in (CC04) 6in (15.2 cm) 0.5000 (0.1524 0.7576 (1.310) 140.0 (2243) 0.2 (837) 0.66 (0.116)
Conc HW 1401b 8in (CCO05) 8 in (20.3cm) 0.6667 (0.2032) 0.7576 (1.310) 140.0 (2243) 0.2 (837) 0.88 (0.155)
Conc HW 1401b 10in (CC06) | 10 in (25.4 cm) 0.8333 (0.2540) 0.7576 (1.310) 140.0 (2243) 0.2 (837) 1.10 (0.194)
Conc HW 1401b 12in (CC07) | 12in (30.5 cm) 1.0000 (0.3048) 0.7576 (1.310) 140.0 (2243) 0.2 (837) 1.32 (0.233)
Concrete, Heavy Weight Undried Aggregate, 140 Ibs.
Conc HW 1401b 3/4in (CC11) 3/4in (1.9 cm) 0.0625 (0.0191) 1.0417 (1.802) 140.0 (2243) 0.2 (837) 0.06 (0.011)
Conc HW 1401b 1-3/8in (CC12) 13/8in (3.5 cm) 0.1146 (0.0349) 1.0417 (1.802) 140.0 (2243) 0.2 (837) 0.11 (0.019)
Cone HW 1401b 3.25in (CC13) 31/4in (8.3 cm) 0.2708 (0.0825) 1.0417 (1.802) 140.0 (2243) 0.2 (837) 0.26 (0.046)
Conc HW 1401b 4in (CC14) 4in (10.2 cm) 0.3333 (0.1016) 1.0417 (1.802) 140.0 (2243) 0.2 (837) 0.32 (0.056)
Conce HW 1401b 6in (CC15) 6in (15.2 cm) 0.5000 (0.1524) 1.0417 (1.802) 140.0 (2243) 0.2 (837) 0.48 (0.085)
Cone HW 1401b 18in (CC16) 8in (20.2 cm) 0.6667 (0.2032) 1.0417 (1.802) 140.0 (2243) 0.2 (837) 0.64 (0.113)

Materials
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ENVELOPE LIBRARIES

Table 1 Building Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/ht-ft2-F Ib/ft3 Btu/Ib-F ht-ft2-F/Btu
(m) (W/m-K) (kg/m?) () /ke-K) (K-m2/W)
Cone HW 1401b 2in (HF-C12) 2in (5.1 cm) 0.1667 (0.0508) 1.0000 (1.730) 140.0 (2243) 0.2 (837) 0.17 (0.029)
Conc HW 140Ib 4in (HF-C5) 4in (10.2 cm) 0.3333 (0.1016) 1.0000 (1.730) 140.0 (2243) 0.2 (837) 0.33 (0.059)
Conc HW 140Ib 6in (HF-C13) 6in (15.2 cm) 0.5000 (0.1524) 1.0000 (1.730) 140.0 (2243) 0.2 (837) 0.50 (0.088)
Cone HW 1401b 8in (HF-C10) 8in (20.2 cm) 0.6667 (0.2032) 1.0000 (1.730) 140.0 (2243) 0.2 (837) 0.67 (0.118)
Conc HW 1401b 12in (HF-C11) 12 in (30.5 cm) 1.0000 (0.3048) 1.0000 (1.730) 140.0 (2243) 0.2 (837) 1.00 (0.176)
Concrete, Light Weight, 80 1b.
ConcLW 80lb 3/4in (CC21) 3/4in (1.9 cm) 0.0625 (0.0191) 0.2083 (0.360) 80.0 (1282) 0.2 (837) 0.30 (0.053)
ConcL.W 80Ib 1.25in (CC22) 1.25in (3.2 cm) 0.1042 (0.0318) 0.2083 (0.360) 80.0 (1282) 0.2 (837) 0.50 (0.088)
ConcLW 80Ib 2in (CC23) 2in (5.1 cm) 0.1667 (0.0508) 0.2083 (0.360) 80.0 (1282) 0.2 (837) 0.80 (0.141)
ConcL.W 80Ib 4in (CC24) 4in (10.2 cm) 0.3333 (0.1016) 0.2083 (0.360) 80.0 (1282) 0.2 (837) 1.60 (0.282)
ConcLW 80Ib 6in (CC25) 6in (15.2 cm) 0.5000 (0.1524) 0.2083 (0.360) 80.0 (1282) 0.2 (837) 2.40 (0.423)
ConcL.W 80Ib 8in (CC26) 8in (20.2 cm) 0.6667 (0.2032) 0.2083 (0.360) 80.0 (1282) 0.2 (837) 3.20 (0.564)
Concrete, Light Weight, 30 1b.
ConcLW 30lb 3/4in (CC31) 3/4in (1.9 cm) 0.0625 (0.0191) 0.0751 (0.130) 30.0 (481) 0.2 (837) 0.83 (0.146)
ConcL.W 30Ib 1.25in (CC32) 1.25in (3.2 cm) 0.1042 (0.0191) 0.0751 (0.130) 30.0 (481) 0.2 (837) 1.39 (0.245)
ConcL.W 301b 2in (CC33) 2in (5.1 cm) 0.1667 (0.0508) 0.0751 (0.130) 30.0 (481) 0.2 (837) 2.22 (0.391)
ConcL.W 30Ib 4in (CC34) 4in (10.2 cm) 0.3333 (0.1016) 0.0751 (0.130) 30.0 (481) 0.2 (837) 4.44 (0.782)
Concl.W 301b 6in (CC35) 6in (15.2 cm) 0.5000 (0.1524) 0.0751 (0.130) 30.0 (481) 0.2 (837) 6.66 (1.174)
ConcL.W 30Ib 8in (CC30) 8 in (20.2 cm) 0.6667 (0.2032) 0.0751 (0.130) 30.0 (481) 0.2 (837) 8.88 (1.565)
Concrete, Light Weight, 40 1b.
ConcLW 40lb 4in (HF-C14) 4in (10.2 cm) 0.3333 (0.1016) 0.1 (.173) 40.0 (641) 0.2 (837) 3.33 (0.587)
Conc.W 40lb 6in (HF-C15) 6in (15.2 cm) 0.5000 (0.1524) 0.1 (173) 40.0 (641) 0.2 (837) 5.00 (0.881)
ConcLW 40Ib 8in (HF-C106) 8in (20.2 cm) 0.6667 (0.2032) 0.1 (.173) 40.0 (641) 0.2 (837) 6.67 (1.175)
Concrete Block, Light Weight
CMU LW 4in (HF-C2) | 4in (10.2 cm) | 0.3333 (0.1016) | 0.2200 (0.380) | 38.0 (609) 0.2 (837) 1.51 (0.267)
Concrete Block, 4 inch (10.2 cm) Heavy Weight
CMU HW 4in Hollow (CBO1) Hollow 0.3333 (0.1016) 0.4694 (0.812) 101.0 (1618) 0.2 (837) 0.71 (0.125)
CMU HW 4in ConcFill (CB02) | Concrete Filled 0.3333 (0.1016) 0.7575 (1.310) 140.0 (2234) 0.2 (837) 0.44 (0.078)
CMU HW 4in PerlFill (CB03) Perlite Filled 0.3333 (0.1016) 0.3001 (0.384) 103.0 (1650) 0.2 (837) 1.11 (0.196)
CMU HW 4in PartFill (CB04) Part-Filled 0.3333 (0.10106) 0.5844 (1.011) 114.0 (1826) 0.2 (837) 0.57 (0.100)
Concrete *
CMU HW 4in Conc/Perl Concrete and 0.3333 (0.1016) 0.4772 (0.825) 115.0 (1842) 0.2 (837) 0.70 (0.123)
(CBO5) Perlite **
*  One filled and reinforced concrete core every 24 in (61 cm) of wall length
* One filled and reinforced concrete core every 24 in (61 cm) of wall length with the remaining cores filled with
Perlite insulation
Concrete Block, 6 inch (15.2 cm) Heavy Weight
CMU HW 6in Hollow (CB06) | Hollow | 0.5000 (0.1524) | 0.5555 (0.961) 85.0 (1362) 0.2 (837) 0.90 (0.159)

Materials
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ENVELOPE LIBRARIES

Table 1 Building Materials

Perlite**

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/Ib-F hr-ft2-F/Btu
(m) (W/m-K) (kg/m?) () /kg-K) (K-m?/W)

CMU HW 6in ConcFill (CB07) Concrete Filled 0.5000 (0.1524) 0.7575 (1.310) 140.0 (2243) 0.2 (837) 0.66 (0.116)

CMU HW 6in PerlFill (CBO8) Perlite Filled 0.5000 (0.1524) 0.2222 (0.384) 88.0 (1410) 0.2 (837) 2.25 (0.397)

CMU HW 6in PartFill (CB09) Part-Filled 0.5000 (0.1524) 0.6119 (1.058) 104.0 (1666) 0.2 (837) 0.82 (0.145)
Concrete*

CMU HW 6in Conc/Perl Concrete and 0.5000 (0.1524) 0.4238 (0.733) 104.0 (1666) 0.2 (837) 1.18 (0.208)

(CBI10) Perlite**

Concrete Block, 8 inch (20.3 cm) Heavy Weight

CMU HW 8in Hollow (CB11) Hollow 0.6667 (0.2032) 0.6060 (1.048) 69.0 (1105) 0.2 (837) 1.10 (0.194)

CMU HW 8in ConcFill (CB12) Concrete Filled 0.6667 (0.2032) 0.7575 (1.310) 140.0 (2243) 0.2 (837) 0.88 (0.155)

CMU HW 8in PerlFill (CB13) Perlite Fill 0.6667 (0.2032) 0.2272 (0.393) 70.0 (1121) 0.2 (837) 2.93 (0.516)

CMU HW 8in PartFill (CB14) Part-Filled 0.6667 (0.2032) 0.6746 (1.167) 93.0 (1490) 0.2 (837) 0.99 (0.174)
Concrete*

CMU HW 8in Conc/Perl Concrete and 0.6667 (0.2032) 0.4160 (0.720) 93.0 (1490) 0.2 (837) 1.60 (0.282)

(CBI) Perlite**

Concrete Block, 12 inch (30.5 cm) Heavy Weight

CMU HW 12in Hollow (CB16) Hollow 1.0000 (0.3048) 0.7813 (1.350) 76.0 (1218) 0.2 (837) 1.28 (0.226)

CMU HW 12in ConcFill (CB17) | Concrete Filled 1.0000 (0.3048) 0.7575 (1.310) 140.0 (2243) 0.2 (837) 1.32 (0.233)

CMU HW 12in PartFill (CB18) Part-Filled 1.0000 (0.3048) 0.7773 (1.344) 98.0 (1570) 0.2 (837) 1.29 (0.227)
Concrete*

Concrete Block, 4 inch (10.1 cm) Medium Weight

CMU MW 4in Hollow (CB21) Hollow 0.3333 (0.1016) 0.3003 (0.519) 76.0 (1218) 0.2 (837) 1.11 (0.196)

CMU MW 4in Conclill (CB22) Concrete Filled 0.3333 (0.1016) 0.4456 (0.771) 115.0 (1842) 0.2 (837) 0.75 (0.132)

CMU MW 4in PerlFill (CB23) Perlite Filled 0.3333 (0.1016) 0.1512 (0.262) 78.0 (1250) 0.2 (837) 2.20 (0.388)

CMU MW 4in PartFill (CB24) Part-Filled 0.3333 (0.1016) 0.3306 (0.572) 89.0 (1426) 0.2 (837) 1.01 (0.178)
Concrete*

CMU MW 4in Conc/Perl Concrete and 0.3333 (0.1016) 0.2493 (0.431) 90.0 (1442) 0.2 (837) 1.34 (0.236)

(€B25) Perlite**

*  One filled and reinforced concrete core every 24 in (61 cm) of wall length

* One filled and reinforced concrete core every 24 in (61 cm) of wall length with the remaining cores filled with

Perlite insulation

Concrete Block, 6 inch (15.2 cm) Medium Weight

CMU MW 6in Hollow (CB26) Hollow 0.5000 (0.1524) 0.3571 (0.618) 65.0 (1041) 0.2 (837) 1.40 (0.247)

CMU MW 6in ConcFill (CB27) Concrete Filled | 0.5000 (0.1524) 0.4443 (0.768) 119.0 (1906) 0.2 (837) 1.13 (0.199)

CMU MW 6in PerlFill (CB28) Perlite Filled 0.5000 (0.1524) 0.1166 (0.202) 67.0 (1073) 0.2 (837) 4.29 (0.756)

CMU MW 6in PartFill (CB29) Part-Filled 0.5000 (0.1524) 0.3686 (0.638) 83.0 (1330) 0.2 (837) 1.36 (0.240)

Concrete*
CMU MW 6in Conc/Perl (CB30) Concrete and 0.5000 (0.1524) 0.2259 (0.391) 84.0 (13406) 0.2 (837) 2.21 (0.389)

Materials
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Table 1 Building Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F b/ ft? Btu/Ib-F hr-ft2-F/Btu
(m) W/m-K) (kg/m?) (k] /kg-K) (K-m?/W)

Concrete Block, 8 inch (20.3 cm) Medium Weight

CMU MW 8in Hollow (CB31) Hollow 0.6667 (0.2032) 0.3876 (0.670) 53.0 (849) 0.2 (837) 1.72 (0.303)

CMU MW 8in ConcFill (CB32) Concrete Filled 0.6667 (0.2032) 0.4957 (0.857) 123.0 (1970) 0.2 (837) 1.34 (0.236)

CMU MW 8in PerlFill (CB33) Perlite Filled 0.6667 (0.2032) 0.1141 (0.197) 56.0 (897) 0.2 (837) 5.84 (1.029)

CMU MW 8in PartFill (CB34) Part-Filled 0.6667 (0.2032) 0.4348 (0.752) 76.0 (1218) 0.2 (837) 1.53 (0.270)
Concrete*

CMU MW 8in PartFill (CB35) Concrete and 0.6667 (0.2032) 0.2413 (0.417) 77.0 (1234) 0.2 (837) 2.76 (0.4806)
Perlite**

Concrete Block, 12 inch (30.5 cm) Medium Weight

CMU MW 12in Hollow (CB36) Hollow 1.0000 (0.3048) 0.4959 (0.858) 58.0 (929) 0.2 (837) 2.02 (0.356)

CMU MW 12in ConcFill (CB37) | Concrete Filled 1.0000 (0.3048) 0.4814 (0.833) 121.0 (1938) 0.2 (837) 2.08 (0.367)

CMU MW 12in PartFill (CB38) Part-Filled 1.0000 (0.3048) 0.4919 (0.851) 79.0 (1266) 0.2 (837) 2.03 (0.358)
Concrete*

Concrete Block, 4 inch (10.1 cm) Light Weight

CMU LW 4in Hollow (CB41) Hollow 0.3333 (0.1016) 0.2222 (0.384) 65.0 (1041) 0.2 (837) 1.50 (0.264)

CMU LW 4in ConcFill (CB42) Concrete Filled 0.3333 (0.1016) 0.3695 (0.639) 104.0 (1660) 0.2 (837) 0.90 (0.159)

CMU LW 4in PerIFill (CB43) Perlite Filled 0.3333 (0.1016) 0.1271 (0.220) 67.0 (1073) 0.2 (837) 2.62 (0.462)

CMU LW 4in PartFill (CB44) Part-Filled 0.3333 (0.1016) 0.2808 (0.486) 78.0 (1250) 0.2 (837) 1.19 (0.210)
Concrete*

CMU LW 4in Conc/Perl (CB45) | Concrete and 0.3333 (0.1016) 0.2079 (0.360) 79.0 (1266) 0.2 (837) 1.60 (0.282)
Perlite**

*  One filled and reinforced concrete core every 24 in (61 cm) of wall length

** One filled and reinforced concrete core every 24 in (61 cm) of wall length with the remaining cores filled with

Pertlite insulation

Concrete Block, 6 inch (15.2 cm) Light Weight

CMU LW 6in Hollow (CB46) Hollow 0.5000 (0.1524) 0.2777 (0.480) 55.0 (881) 0.2 (837) 1.80 (0.317)

CMU LW 6in ConcFill (CB47) Concrete Filled 0.5000 (0.1524) 0.3819 (0.661) 110.0 (1762) 0.2 (837) 1.31 (0.231)

CMU LW 6in PerIFill (CB48) Perlite Filled 0.5000 (0.1524) 0.0985 (0.170) 57.0 (913) 0.2 (837) 5.08 (0.895)

CMU LW 6in PartFill (CB49) Part-Filled 0.5000 (0.1524) 0.3189 (0.552) 73.0 (1169) 0.2 (837) 1.57 (0.277)
Concrete*

CMU LW 6in Conc/Perl (CB50) | Concrete and 0.5000 (0.1524) 0.1929 (0.334) 74.0 (1185) 0.2 (837) 2.59 (0.4506)
Perlite**

Concrete Block, 8 inch (20.3 cm) Light Weight

CMU LW 8in Hollow (CB51) Hollow 0.6667 (0.2032) 0.3333 (0.576) 45.0 (721) 0.2 (837) 2.00 (0.352)

CMU LW 8in ConcFill (CB52) Concrete Filled | 0.6667 (0.2032) 0.4359 (0.754) 115.0 (1842) 0.2 (837) 1.53 (0.270)

CMU LW 8in PerIFill (CB53) Perlite Filled 0.6667 (0.2032) 0.0963 (0.167) 48.0 (769) 0.2 (837) 6.92 (1.219)

CMU LW 8in PartFill (CB54) Part-Filled 0.6667 (0.2032) 0.3846 (0.665) 68.0 (1089) 0.2 (837) 1.73 (0.305)

Concrete*

Materials
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Table 1 Building Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/lb-F hr-ft2-F/Btu
(m) W/m-K) (kg/m’) () /kg- K (K-m?/W)
CMU LW 8in Conc/Perl (CB55) Concrete and 0.6667 (0.2032) 0.2095 (0.362) 69.0 (1105) 0.2 (837) 3.18 (0.560)
Perlite**

Concrete Block, 12 inch (30.5 cm) Light Weight

CMU LW 12in Hollow (CB56) Hollow 1.0000 (0.3048) 0.4405 (0.762) 49.0 (785) 0.2 (837) 2.27 (0.400)

CMU LW 12in ConcFill (CB57) Concrete Filled 1.0000 (0.3048) 0.4194 (0.725) 113.0 (1810) 0.2 (837) 2.38 (0.419)

CMU LW 12in PartFill (CB58) Part-Filled 1.0000 (0.3048) 0.4274 (0.739) 70.0 (1121) 0.2 (837) 2.34 (0.412)

Concrete*

Felt and Membrane

Felt 3/8in (HF-E3) 3/8in (1 cm) 0.0313 (0.0095) 0.1100 (0.190) 70.0 (1121) 0.4 (1674) 0.28 (0.050)

Finish (HF-A6) 1/2in (1.3 cm) 0.0417 (0.0127) 0.2400 (0.415) 78.0 (1249) 0.26 (1088) 0.17 (0.031)

Gypsum or Plaster Board

GypBd 1/2in (GPO1) 1/2in (1.3 cm) 0.0417 (0.0127) 0.0926 (0.160) 50.0 (801) 0.2 (837) 0.45 (0.079)

GypBd 5/8in (GP02) 5/8 in (1.6 cm) 0.0521 (0.0159) 0.0926 (0.160) 50.0 (801) 0.2 (837) 0.56 (0.099)

GypBd 3/4in (GP03) 3/4in (1.9 cm) 0.0625 (0.0191) 0.0926 (0.160) 50.0 (801) 0.2 (837) 0.67 (0.118)

*  One filled and reinforced concrete core every 24 in (61 cm) of wall length

** One filled and reinforced concrete core every 24 in (61 cm) of wall length with the remaining cores filled with

Perlite insulation

Gypsum Plaster

Gypsum LW Agg 3/4in (GPO4) | 3/4 in (1.9cm) Lt. | 0.0625 (0.0191) 0.1330 (0.230) 45.0 (721) 0.2 (837) 0.47 (0.083)
Wt. Agoregate

Gypsum LW Agg lin (GP05) 1in (2.5 cm) Lt. 0.0833 (0.0254) 0.1330 (0.230) 45.0 (721) 0.2 (837) 0.63 (0.111)
Wt. Aggregate

Gypsum Sand Agg 3/4in 3/4in (1.9cm) 0.0625 (0.0191) 0.4736 (0.819) 105.0 (1682) 0.2 (837) 0.13 (0.023)

(GP0S) Sand Aggregate

Gypsum Sand Agg 1in (GP07) 1in (2.5 cm) Sand | 0.0833 (0.0254) 0.4736 (0.819) 105.0 (1682) 0.2 (837) 0.18 (0.032)
Aggregate

Hard Board, 3/4 inch (1.9 cm)

Hd Bd 3/4in Md Dens (HBO1) | Medium Density 0.0625 (0.0191) 0.0544 (0.094) 40.0 (641) 0.28 (1171) 1.15 (0.203)
Siding

Hd Bd 3/4in Md Dens (HB02) | Medium Density 0.0625 (0.0191) 0.0608 (0.105) 50.0 (801) 0.31 (1297) 1.03 (0.182)
Others

Hd Bd 3/4in Std Temp (HBO3) | High Density 0.0625 (0.0191) 0.0683 (0.118) 55.0 (881) 0.33 (1381) 0.92 (0.162)
Standard
Tempered

Hd Bd 3/4in Srv Temp (HB04) | High Density 0.0625 (0.0191) 0.0833 (0.144) 63.0 (1009) 0.33 (1381) 0.75 (0.132)
Service Tempered

Linoleum Tile

Linoleum Tile (LTOT) [ 0.05 (0.009)

8 Materials
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Table 1 Building Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/lb-F hr-ft2-F/Btu
(m) (W/m-K) (kg/m’) (k] /kg-K) (K-m?/W)

Particle Board

PartBd Lo Dens 3/4in (PBOT) | Low Density, 0.0625 (0.0191) | 0.0450 (0.078) 75.0 (1202) 0.31 (1297) 1.39 (0.245)
3/4in (1.9 cm)

PartBd Md Dens 3/4in (PB02) | Medium Density, | 0.0625 (0.0191) | 0.7833 (1.355) 75.0 (1202) 0.31 (1297) 0.08 (0.014))
3/4in (1.9 cm)

PartBd Hi Dens 3/4in (PB03) | High Density, 0.0625 (0.0191) | 0.9833 (1.701) 75.0 (1202) 0.31 (1297) 0.06 (0.011)
3/4in (1.9 cm)

PartBd Underlay 5/8in (PB04) | Underlayment, 0.0521 (0.0159) | 0.1796 (0.311) 75.0 (1202) 0.29 (1213) 0.29 (0.051)
5/8in (1.6 cm)

Plywood

Plywd 1/4in (PWO1) 1/4in (0.64 cm) 0.0209 (0.0064) | 0.0667 (0.115) 34.0 (545) 0.29 (1213) 0.31 (0.055)

Plywd 3/8in (PW02) 3/81n (1 cm) 0.0313 (0.0095) | 0.0667 (0.115) 34.0 (545) 0.29 (1213) 0.47 (0.083)

Plywd 1/2in (PW03) 1/2in (1.3 cm) 0.0417 (0.0127) | 0.0667 (0.115) 34.0 (545) 0.29 (1213) 0.63 (0.111)

Plywd 5/8in (PW04) 5/8 in (1.6 cm) 0.0521 (0.0159) | 0.0667 (0.115) 34.0 (545) 0.29 (1213) 0.78 (0.137)

Plywd 3/4 (PW05) 3/4in (1.9 cm) 0.0625 (0.0191) | 0.0667 (0.115) 34.0 (545) 0.29 (1213) 0.94 (0.166)

Plywd lin (PW06) 1in (2.5 cm) 0.0833 (0.0254) | 0.0667 (0.115) 34.0 (545) 0.29 (1213) 1.25 (0.220)

Roof Gravel or Slag

Gravel 1/2in (RGO1) 1/2in (1.3cm) 0.0417 (0.0127) | 0.8340 (1.442) 55.0 (881) 0.4 (1674) 0.05 (0.009)

Gravel lin (RG02) 1in (2.5 cm) 0.0833 (0.0254) | 0.8340 (1.442) 55.0 (881) 0.4 (1674) 0.10 (0.018)

Rubber Tile

Rubber Tile (RTOT) 0.05 (0.009)

Slate

Slate 1/2in (SLOT) 1/2in (1.3 cm) 0.0417 (0.0127) | 0.8340 (1.442) 100.0 (1602) 0.35 (1464) 0.05 (0.009)

Soil

Soil 12in 12in (30.5cm) 1.000 (0.3048) | 1.000 (1.729) 115.0 (1842) 0.2 (837) 1.0000 (0.176)

Steel Siding

Steel Siding (HF-A3) [ 0.06in (0.15cm) | 0.0050 (0.0015) | 26.000 (45.0) | 480.0 (7690) | 0.10 (419) [ 0.0002 (3.5x10°5)

Stone

Stone lin (STO1) 1in (2.5 cm) 0.0833 (0.0254) | 1.0416 (1.802) 140.0 (2243) 0.2 (837) 0.08 (0.014)

Stonel /2in (HF-E2) 1/2in(1.3 cm) 0.0417 (0.0127) | 0.8300 (1.435) 55.0 (881) 0.4 (1674) 0.05 (0.009)

Stucco

Stucco Lin (SCO1) [ 1in (2.5 cm) [ 0.0833 (0.0254) | 0.4167 (0.721) | 166.0 (2659) [ 0.2 (837) [ 0.20 (0.035)

Terrazzo

Terrazzo lin (TZ01) [ 1in (2.5 cm) [ 0.0833 (0.0254) [ 1.0416 (1.802) | 140.0 (2243) [ 0.2(837) [ 0.08 (0.014)

Wood, Soft

Wood Sft 3/4in (WDO1) [ 3/4in 1.9em) ] 0.0625 (0.0191) [ 0.0667 (0.115) | 32.0 (513) [ 0.33 (1381) [ 0.94 (0.166)

Materials
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Table 1 Building Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/ht-ft>-F Ib/ft3 Btu/Ib-F hr-f2-F/Btu
(m) (W/m-K) (kg/m?) (k] /kgK) (K-m2/W)
Wood Sft 1.5in (WD02 1.5in (3.8 cm) 0.1250 (0.0381) 0.0667 (0.115) 32.0 (513) 0.33 (1381) 1.87 (0.330)
Wood Sft 2.5in (WDO3 2.51in (6.4 cm) 0.2083 (0.0635) 0.0667 (0.115) 32.0 (513) 0.33 (1381) 3.12 (0.550)
Wood Sft 3.5in (WD04 3.51in (8.9 cm) 0.2917 (0.0889) 0.0667 (0.115) 32.0 (513) 0.33 (1381) 4.37 (0.770)
Wood Sft 4in (WD05 4in (10.2 cm) 0.3333 (0.1016) 0.0667 (0.115) 32.0 (513) 0.33 (1381) 5.00 (0.881)
Wood, Hard
Wood Hd 3/4in (WD11) 3/4in (1.9 cm) 0.0625 (0.0191) 0.0916 (0.158) 45.0 (721) 0.30 (1255) 0.68 (0.120)
Wood Hd 1in (WD12) 1in (2.5 cm) 0.0833 (0.0254) 0.0916 (0.158) 45.0 (721) 0.30 (1255) 0.91 (0.160
Wood, Shingle
Wood Shingle (WS01) For Wall 0.0583(.0178) 0.0667 (0.115) 32.0 (513) 0.30 (1255) 0.87 (0.153)
Wood Shingle (WS02) For Roof 0.94 (0.1606)
Wood
Wood lin (HF-B7) 1in (2.5 cm) 0.0833 (0.0254) 0.0700 (0.121) 37.0 (593) 0.2 (837) 1.19 (0.210)
Wood 2in (HE-B10 2in (3.1 cm) 0.1667 (0.0508) 0.0700 (0.121) 37.0 (593) 0.2 (837) 2.38 (0.420))
Wood 2.5in (HF-B8 2.5in (6.4 cm) 0.2083 (0.0635) 0.0700 (0.121) 37.0 (593) 0.2 (837) 2.98 (0.5206)
Wood 3in (HF-B11 3in (7.6 cm) 0.2500 (0.0762) 0.0700 (0.121) 37.0 (593) 0.2 (837) 3.57 (0.630)
Wood 4in (HF-B9 4in (10.2 cm) 0.3330 (0.1016) 0.0700 (0.121) 37.0 (593) 0.2 (837) 4.76 (0.840)
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Table 1 Insulating Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/Ib-F hr-ft2-F/Btu
(m) W/m-K) (kg/m’) (k] /kg-I) (K-m?/W)

Mineral Wool/Fiber

MinWool Batt R7 (INOT) Batt, R 7% 0.1882 (0.0574) | 0.0250 (0.043) 0.60 (10) 0.2 (837) 753 (1.327)

MinWool Bart R11 (IN02) Bartt, R11 0.2957 (0.0901) | 0.0250 (0.043) 0.60 (10) 0.2 (837) 11.83 (2.085)

MinWool Batt R19 (IN03) Batt, R-19 0.5108 (0.1557) | 0.0250 (0.043) 0.60 (10) 0.2 (837) 20.43 (3.600)

MinWool Batt R24 (IN04) Batt, R-24 0.6969 (0.2124) | 0.0250 (0.043) 0.60 (10) 0.2 (837) 27.88 (4.913)

MinWool Batt R30 (IN05) Batt, R 30 0.8065 (0.2458) | 0.0250 (0.043) 0.60 (10) 0.2 (837) 32.26 (5.685)

MinWool Fill 35in RIT(INT1) | Fill, 3.5 in 0.2917 (0.0889) | 0.0270 (0.046) 0.60 (10) 0.2 (837) 10.80 (1.903)
(8.9 cm), R-11

MinWool Fill 5.5in R19 IN12) | Fill, 5.5 in 0.4583 (0.1397) | 0.0270 (0.046) 0.63 (11) 0.2 (837) 16.97 (2.991)
(13.4 cm), R-19

Cellulose Fill

Cellulose 3.5in R-13 (IN13) 35in (8.9 cm), R- | 0.2917 (0.0889) | 0.0225 (0.039) 3.0 (48) 0.33 (1381) 12,96 (2.284)
13

Cellulose 5.5in R-20 (IN14) 55in (134 cm), | 0.4583 (0.1397) | 0.0225 (0.039) 3.0 (48) 0.33 (1381) 20.37 (3.590)
R-20

Insulation

Tnsul Bd Tin (HF-B2) 1in (2.5 cm) 0.0830 (0.0254) | 0.0250 (0.043) 2.0 (32) 0.2 (837) 3.32 (0.585)

Insul Bd 2in (HF-B3) 2in (3.1 cm) 0.1670 (0.0508) 0.0250 (0.043) 2.0 (32) 0.2 (837) 6.68 (1.177)

Tnsul Bd 3in (HE-B4) 3in (7.6 cm) 0.2500 (0.0762) | 0.0250 (0.043) 2.0 32) 0.2 (837) 10.00 (1.762)

Tnsul Bd Tin (HE-B3) 1in (2.5 cm) 0.0830 (0.0254) | 0.0250 (0.043) 5.7 (91) 0.2 (837) 3.29 (0.580)

Insul Bd 2in (HF-B6) 2in (3.1 cm) 0.1670 (0.0508) 0.0250 (0.043) 5.7 (91) 0.2 (837) 6.68 (1.177)

Tnsul Bd 3in (HF-B12) 3in (7.6 cm) 0.2500 (0.0762) | 0.0250 (0.043) 5.7 91) 0.2 (837) 10.00 (1.762)

Preformed Mineral Board

MinBd 7/8in R-3 (N21) 7/81in (2.2 cm), R- | 0.0729 (0.0222) | 0.0240 (0.042) 15.0 (240) 0.17 (711) 3.04 (0.536)
3

MinBd Tin R-3 (IN22) Tin (2.5 cm), 0.0833 (0.0254) | 0.0240 (0.042) 15.0 (240) 0.17 (711) 3.47 (0.612)
R-3.5

MinBd 2in R7 (IN23) 2in (2.5 cm), 0.1667 (0.0508) | 0.0240 (0.042) 15.0 (240) 0.17 (711) 6.95 (1.225)
R-7

MinBd 3in R-10.4 (IN24) 3in (7.6 cm), 02500 (0.0762) | 0.0240 (0.042) 15.0 (240) 0.17 (711) 10.42 (1.836)
R-10.4

Polystyrene, Expanded

Polystyrenc 1/2in (IN31) 1/2in (1.3cm) 0.0417 (0.0127) | 0.0200 (0.035) 1.8 (29) 0.29 (1213) 2.08 (0.367)

Polystyrene 3/4in (IN32) 3/41n (1.9 cm) 0.0625 (0.0191) | 0.0200 (0.035) 1.8 (29) 0.29 (1213) 3.12 (0.550)

Polystyrenc lin (IN33) 1in (2.5 cm) 0.0833 (0.0254) | 0.0200 (0.035) 1.8 (29) 0.29 (1213) 4.16 (0.733)
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Table 1 Insulating Materials

Code-Word Description Thickness Conductivity Density Specific Heat Resistance
ft Btu/hr-ft2-F Ib/ft3 Btu/lb-F hr-ft2-F/Btu
(m) (W/m-K) (kg/m’) (] /kgK) K-m?/W)
Polystyrenc 1.25in (IN34) 1.25 in (3.2 cm) 0.1042 (0.0318) | 0.0200 (0.035) 1.8 (29) 0.29 (1213) 5.21 (0.918)
Polystyren 2in (IN35) 2in (3.1 cm) 0.1667 (0.0508) | 0.0200 (0.035) 1.8 (29) 0.29 (1213) 8.33 (1.468)
Polystyrene 3in (IN36) 3in (7.6 cm) 0.2500 (0.0762) 0.0200 (0.035) 1.8 (29) 0.29 (1213) 12.50 (2.203)
Polystyrenc 4in (IN37) 4in (10.2 cm) 0.3333 (0.1016) | 0.0200 (0.035) 1.8 (29) 0.29 (1213) 16.66 (2.936)
Polyurethane, Expanded
Polyurethane 1/2in (IN41) 1/2in (1.3cm) 0.0417 (0.0127) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 3.14 (0.553)
Polyurcthane 3/4n (IN42) 3/4in (1.9 cm) 0.0625 (0.0191) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 4,67 (0.823)
Polyurcthane lin (IN43) 1in (2.5 cm) 0.0833 (0.0254) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 6.26 (1.103)
Polyurethane 1.25in (IN44) 1.25in (3.2 cm) 0.1042 (0.0318) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 7.83 (1.380)
Polyurcthanc 2in (IN45) 2in (3.1 cm) 0.1667 (0.0508) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 12.53 (2.208)
Polyurethane 3in (IN46) 3in (7.6 cm) 0.2500 (0.0762) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 18.80 (3.313)
Polyurethane 4in (IN47) 4in (10.2 cm) 0.3333 (0.1016) | 0.0133 (0.023) 1.5 (24) 0.38 (1590) 25.06 (4.416)

* Nominal thickness is 2 to 2-3/4 in (3.1 to 7 cm). Resistance value is based on

a thickness of 2.26 in (5.74 cm).

Urea Formaldehyde

Urea Formald 3.5in R19 (IN51) 3.5in (8.9 cm), R- [ 0.2910 (0.0887) 0.0200 (0.035) 0.7 (11) 0.3 (1255) 14.55 (2.564)
15

Urea Formald 5.5in R23 (IN52) 5.5in (13.4 cm), 0.4580 (0.1396) 0.0200 (0.035) 0.7 (11) 0.3 (1255) 22.90 (4.036)
R-23

Insulation Board

Insul Bd 1/2in (ING1) Sheathing, 1/2 in 0.0417 (0.0127) 0.0316 (0.055) 18.0 (288) 0.31 (1297) 1.32 (0.232)
(1.3cm)

Insul Bd 3/4in (IN62) Sheathing, 3/4 in 0.0625 (0.0191) 0.0316 (0.055) 18.0 (288) 0.31 (1297) 1.98 (0.348)
(1.9 cm)

Insul Bd 3/8in (ING3) Shingle Backer, 0.0313 (0.0096) 0.0331 (0.058) 18.0 (288) 0.31 (1297) 0.95 (0.167)
3/8in (1 cm)

Insul Bd 1/2in (ING4) Nail Base 0.0417 (0.0127) 0.0366 (0.064) 25.0 (400) 0.31 (1297) 1.14 (0.200)
Sheathing, 1/2 in
(1.3cm)

Roof Insulation, Preformed

Roof Insul 1/2in (IN71) 1/2 in (1.3cm) 0.0417 (0.0127) 0.0300 (0.052) 16.0 (250) 0.2 (837) 1.39 (0.244)

Roof Insul lin (IN72) 1in (2.5 cm) 0.0833 (0.0254) 0.0300 (0.052) 16.0 (2506) 0.2 (837) 2.78 (0.489)

Roof Insul 1.5in (IN73) 1.5in (3.8 cm) 0.1250 (0.0381) 0.0300 (0.052) 16.0 (256) 0.2 (837) 4.17 (0.732)

Roof Insul 2in (IN74) 2in (3.1 cm) 0.1667 (0.0508) 0.0300 (0.052) 16.0 (250) 0.2 (837) 5.56 (0.977)

Roof Insul 2.5in (IN75) 2.51in (6.4 cm) 0.2083 (0.0635) 0.0300 (0.052) 16.0 (2506) 0.2 (837) 6.94 (1.220)

Roof Insul 3in (IN76) 3in (7.6 cm) 0.2500 (0.0762) 0.0300 (0.052) 16.0 (2506) 0.2 (837) 8.33 (1.464)
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Air Spaces
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Table 2 Air Spaces

Code-Word Description Thickness Conductivity Density Specific Heat Resistance

ft Btu/hr-ft2-F Ib/ft3 Btu/Ib-F hr-ft2-F/Btu
(m) (W/m-K) (kg/m?) (k] /kg-K) (K-m?/W)

Air Layer, 3/4 in (1.9 cm) or less

Air Lay <3/4in Vert (AL11) Vertical Walls 0.90 (0.158)

Air Lay <3/4in Slope (AL12) Slope 45° 0.84 (0.148)

Air Lay <3/4in Hotiz (AL13) Hortizontal Roofs 0.82 (0.144)

Air Layer, 3/4 in to 4 in (1.9 cm to 10.2 cm)

Air Lay <4in Vert (AL21) Vertical Walls 0.89 (0.156)

Air Lay <4in Slope (A1.22) Slope 45¢ 0.87 (0.152)

Air Lay <4in Horiz (A1.23) Horizontal Roofs 0.87 (0.152)

Air Layer, 4 in (10.2 cm) or more

Air Lay >4in Vert (AL31) Vertical Walls 0.92 (0.162)

Air Lay >4in Slope (AL32) Slope 45¢ 0.89 (0.1506)

Air Lay >4in Horiz (AL33) Horizontal Roofs 0.92 (0.161)

* A more extensive list of data can be found in the 1993 ASHRAE Handbook of Fundamentals, Chap. 22, Table 2
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CONSTRUCTION LAYERS LIBRARY

The following tables list the constructions in the Library. Three categories are given: (1) exterior walls, (2) roofs, and
(3) interior walls.

The format of the tables is as follows. The first column gives the code-word that you use as the value of the
LAYERS keyword in LAYERS keyword in a CONSTRUCTION command. The second column gives a
description of the construction. The third column lists the materials that make up the construction. For example the
construction “ASH Wall-1” contains the materials

HF-A2, HF-B3, HF-C2 and HF-E1, listed from outside to inside. These materials can be found in the “Materials
Library” in this document. For example HF-A2 corresponds to the material with code-word “Face Brick 4in (HF-
A2).” These materials can also be found in Table 11, Chapter 26 of ASHRAE Handbook, 1989 Fundamentals,
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc.

The constructions in the library are so-called “ASHRAE constructions.” They are listed in Tables 13 and 18 of
Chapter 26 of ASHRAE Handbook, 1989 Fundamentals.

Because the construction code-words contain blanks they must be enclosed in double quotes when used in your
input. For example:

WALL-1 = CONSTRUCTION
TYPE
LAYERS

LAYERS
“ASH Wall-1”

14 Constructions



LIBRARIES & REPORTS

Exterior-Wall Constructions

ENVELOPE LIBRARIES

Table 3 Exterior-Wall Constructions

LAYERS

Code-word Description Materials (outside to inside)
ASH Wall-1 4 In. Face Brick, 2 In. Insulation, and 4 In. Light Wt. Concrete Block HF-A2 HF-B3 HF-C2,HF-E1
ASH Wall-2 4 In. Light Weight Concrete HF-C14 HF-E1

ASH Wall-3 4 In. Face Brick, Air Space and 8 In. Common Brick HF-A2 HF-B1 HF-C9,HF-E1
ASH Wall-4 4 In. Face Brick, Air Space and 8 In. Heavy Wt. Concrete Block HF-A2 HF-B1, HF-C8 HF-E1
ASH Wall-5 4 In. Face Brick, Air Space and 8 In. Light Weight Concrete Block HF-A2 HF-B1 HF-C7 HF-E1
ASH Wall-6 4 In. Face Brick, Air Space and 8 In. Clay Tile HF-A2 HF-B1 HF-C6,HF-E1
ASH Wall-7 4 In. Face Brick, Air Space and 2 In. Heavy Weight Concrete HF-A2,HF-B1 HF-C12,HF-E1
ASH Wall-8 4 In. Face Brick, Air Space and 4 In. Common Brick HF-A2 HF-B1 HF-C4 HF-E1
ASH Wall-9 4 In. Face Brick, Air Space and 4 In. Heavy Weight Concrete Block HF-A2 HF-B1 HF-C3 HF-E1
ASH Wall-10 4In. Face Brick, Air Space and 4 In. Light Weight Concrete Block HF-A2 HF-B1 HF-C2 HF-E1
ASH Wall-11 12 In. Heavy Weight Concrete HF-A1,HF-C11,HF-E1

ASH Wall-12 8 In. Heavy Weight Concrete with 2 In. Insulation HF-A1,HF-C10,HF-B6,HF-E1
ASH Wall-13 8 In. Heavy Weight Concrete with 1 In. Insulation HF-A1,HF-C10,HF-B5,HF-E1
ASH Wall-14 8 In. Heavy Weight Concrete with Air Space HF-A1 HF-C10,HF-B1,HF-E1
ASH Wall-15 8 In. Heavy Weight Concrete HF-A1HF-C10,HF-E1

ASH Wall-16 4 In. Face Brick, 8 In. Common Brick with 1 In. Insulation HF-A2,HF-C9,HF-B2 HF-E1
ASH Wall-17 4 In. Face Brick, 8 In. Common Brick with Air Space HF-A2 HF-C9,HF-B1,HF-E1

ASH Wall-18

4 In. Face Brick, Air Space and 4 In. Light Weight Block

HF-A7,HF-B1,HF-C14

ASH Wall-19

Wall with 3 In. Fiberglass Insulation and Stucco Outside Finish

HF-AG,HE-B4,HF-AG

ASH Wall-20 Two-sided Brick Wall with Air Space HF-A7 HF-B1, HF-A2

ASH Wall-21 Brick Wall, 8 In. Concrete Block and No Air Space HF-A7 HF-C7 HE-AG6

ASH Wall-22 Brick Wall with 4 In. Concrete Block HF-A7 HF-B1,HF-C3,HF-A6
ASH Wall-23 Brick Wall with 8 In. Concrete Block HF-A7,HF-B1,HF-C8 HF-AG6
ASH Wall-24 Brick Wall with 6 In. Concrete HF-A7 HF-B1 HF-C15HF-A6
ASH Wall-25 Frame Wall with 2 In. Insulation and 4 In. Brick Veneer HF-A7 HF-B6,HF-A6

ASH Wall-26 Frame Wall with 2 In. Insulation HF-A6,HF-B6,HF-A6

ASH Wall-27 Metal Curtain Wall with 3 In. Insulation HF-A3 HF-B12 HF-A3

ASH Wall-28 Metal Curtain Wall with 2 In. Insulation HF-A3 HF-B6,HF-A3

ASH Wall-29 Metal Curtain Wall with 1 In. Insulation HEF-A3,HF-B5,HF-A3

ASH Wall-30 Wall 12 In. Concrete with 2 In. Insulation on the Outside HF-A3 HF-B6,HF-C11,HF-A6
ASH Wall-31 Wall 8 In. Concrete with 2 In. Insulation on the Outside HF-A3 HF-B6,HF-C10,HF-A6
ASH Wall-32 Wall 4 In. Concrete with 2 In. Insulation on the Outside HF-A3 HF-B6,HF-C5,HF-A6
ASH Wall-33 Wall 12 In. Concrete with 2 In. Insulation on the Inside HF-C11,HF-B6,HF-A6

ASH Wall-34 Wall 8 In. Concrete with 2 In. Insulation on the Inside HF-C10,HF-B6,HF-A6

ASH Wall-35 Wall 4 In. Concrete with 2 In. Insulation on the Inside HF-C5,HF-B6,HF-A6

ASH Wall-36 Frame Wall with 3 In. Insulation HF-A1,HF-B1,HF-B4 HF-E1
ASH Wall-37 Frame Wall with 2 In. Insulation HF-A1HF-B1, HF-B3 HF-E1
ASH Wall-38 Frame Wall with 1 In. Insulation HF-A1 HF-B1, HF-B2 HF-E1
ASH Wall-39 Frame Wall without Insulation HF-A1,HF-B1 HF-E1

ASH Wall-40 2 In. Insulation with 12 In. Heavy Weight Concrete HF-A1,HF-B3 HF-C11 HF-E1
ASH Wall-41 2 in. Insulation with 8 In. Heavy Weight Concrete HF-A1,HF-B3 HF-C10,HF-E1
ASH Wall-42 2 In. Insulation with 8 In. Common Brick HF-A1,HF-B3,HF-C9,HF-E1
ASH Wall-43 2 In. Insulation with 8 In. Heavy Weight Concrete Block HF-A1HF-B3 HF-C8,HF-E1
ASH Wall-44 2 In. Insulation with 8 In. Light Weight Concrete Block HF-A1,HF-B3 HF-C7 HF-E1
ASH Wall-45 2 In. Insulation with 8 In. Clay Tile HF-A1,HF-B3,HF-C6,HF-E1
ASH Wall-46 2 In. Insulation with 4 In. Heavy Weight Concrete HF-A1 HF-B3 HF-C5,HF-E1
ASH Wall-47 2 In. Insulation with 4 In. Common Brick HF-A1,HF-B3 HF-C4 HF-E1
ASH Wall-48 2 In. Insulation with 4 In. Heavy Weight Concrete Block HF-A1,HF-B3 HF-C3 HF-E1
ASH Wall-49 2 In. Insulation with 4 In. Light Weight Concrete Block HF-A1HF-B3 HF-C2,HF-E1
ASH Wall-50 2 In. Insulation with 4 In. Clay Tile HF-A1HF-B3 HF-C1,HF-E1
ASH Wall-51 4 In. Face Brick, 2 In. Insulation and 12 In. Heavy Weight Concrete HF-A2 HF-B3 HF-C11,HF-E1
ASH Wall-52 4 In. Face Brick, 2 In. Insulation and 8 In. Heavy Weight Concrete HF-A2 HF-B3 HF-C10,HF-E1
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Table 3 Exterior-Wall Constructions

LAYERS

Code-word Description Materials (outside to inside)
ASH Wall-53 4 In. Face Brick, 2 In. Insulation and 8 In. Common Brick HF-A2 HF-B3 HF-C9,HF-E1
ASH Wall-54 4 In. Face Brick, Air Space and 12 In. Heavy Weight Concrete HF-A2 HF-B1 HF-C11 HF-E1
ASH Wall-55 4 In. Face Brick, Air Space and 8 In. Heavy Weight Concrete HF-A2 HF-B1 HF-C10,HF-E1
ASH Wall-56 4 In. Face Brick, 2 In. Insulation and 8 In. Heavy Weight Concrete Block HF-A2,HF-B3 HF-C8 HF-E1
ASH Wall-57 4 In. Face Brick, 2 In. Insulation and 8 In. Light Weight Concrete Block HF-A2 HF-B3 HF-C7 HF-E1
ASH Wall-58 2 In. Face Brick, 2 In. Insulation and 8 In. Clay Tile HF-A2 HF-B3 HF-C6,HF-E1
ASH Wall-59 4 In. Face Brick, 2 In. Insulation and 4 In. Heavy Weight Concrete HF-A2,HF-B3, HF-C5,HF-E1
ASH Wall-60 4 In. Face Brick, 2 In. Insulation and 4 In. Common Brick HF-A2 HF-B3 HF-C4, HF-E1
ASH Wall-61 4 In. Face Brick, 2 In. Insulation and 4 In. Heavy Weight Concrete Block HF-A2 HF-B3 HF-C3 HF-E1
ASH Wall-62 4 In. Face Brick with 8 In. Common Brick HF-A2,HF-C9,HF-E1

ASH Wall-63 8 In. Heavy Weight Concrete Block with 1 In. Insulation HF-A1 HF-C8 HF-B2,HF-E1
ASH Wall-64 8 In. Heavy Weight Concrete Block HF-A1,HF-C8,HF-E1

ASH Wall-65 8 In. Light Weight Concrete Block with Insulation HF-A1,HF-C7,HF-B2, HF-E1
ASH Wall-66 8 In. Light Weight Concrete Block HF-A1 HF-C7 HF-E1

ASH Wall-67 4 In. Face Brick, 8 In. Clay Tile and 1 In. Insulation HF-A2 HF-C6,HF-B2 HF-E1
ASH Wall-68 4 In. Face Brick, 8 In. ClayTile and Air Space HF-A2 HF-C6,HF-B1,HF-E1
ASH Wall-69 4 In. Face Brick with 8 In. Clay Tile HF-A2 HF-C6,HF-E1

ASH Wall-70 8 In. Clay Tile with 1 In.Insulation HF-A1,HF-C6,HF-B2 HF-E1
ASH Wall-71 8 In. Clay Tile with Air Space HF-A1,HF-C6,HF-B1 HF-E1
ASH Wall-72 8 In. Clay Tile HF-A1,HF-C6,HF-E1

ASH Wall-73 4 In. Heavy Weight Concrete with 2 In. Insulation HF-A1HF-C5HF-B3 HF-E1
ASH Wall-74 4 In. Heavy Weight Concrete with 1 In. Insulation HF-A1,HF-C5,HF-B2 HF-E1
ASH Wall-75 4 In. Heavy Weight Concrete with Air Space HF-A1,HF-C5HF-B1, HF-E1
ASH Wall-76 4 In. Heavy Weight Concrete HF-A1 HF-C5HF-E1

ASH Wall-77 4 In. Face Brick, 4 In. Common Brick and 1 In. Insulation HF-A2 HF-C4 HF-B2 HF-E1
ASH Wall-78 4 In. Face Brick, 4 In. Common Brick and Air Space HF-A2,HF-C4, HE-B1,HF-E1
ASH Wall-79 4 In. Face Brick with 4 In. Common Brick HF-A2 HF-C4 HF-E1

ASH Wall-80 4 In. Common Brick HF-A1,HF-C4,HE-E1

ASH Wall-81 4 In. Heavy Weight Concrete Block HF-A1,HF-C3,HF-E1

ASH Wall-82 4 In. Face Brick, 4 In. Light Wt. Concrete Block and 1 In. Insulation HF-A2 HF-C2,HF-B2 HF-E1
ASH Wall-83 4 In. Face Brick, 4 In. Light Wt. Concrete Block and Air Space HF-A2 HF-C2 HE-B1, HF-E1
ASH Wall-84 4 In. Face Brick with 4 In. Light Weight Concrete Block HF-A2,HF-C2,HF-E1

ASH Wall-85 4 In. Light Weight Concrete Block and 1 In. Insulation HF-A1,HF-C2 HF-B2 HF-E1
ASH Wall-86 4 In. Light Weight Concrete Block and Air Space HF-A1HF-C2 HF-B1 HF-E1
ASH Wall-87 4 In. Light Weight ConcreteBlock HF-A1,HF-C2,HF-E1

ASH Wall-88 4 In. Face Brick, 4 In. Clay Tile and 1 In. Insulation HF-A2,HF-C1,HE-B2 HF-E1
ASH Wall-89 4 In. Face Brick, 4 In. Clay Tile and Air Space HF-A2 HF-C1,HF-B1, HF-E1
ASH Wall-90 4 In. Face Brick and 4 In. Clay Tile HF-A2 HF-C1,HF-E1

ASH Wall-91 4 In. Clay Tile and 1 In. Insulation HF-A1,HF-C1,HE-B2 HF-E1
ASH Wall-92 4 In. Clay Tile and Air Space HF-A1 HF-C1,HF-B1,HF-E1
ASH Wall-93 4 In. Clay Tile HF-A1,HF-C1,HEF-E1

ASH Wall-94 Sheet Metal with 1 In. Insulation HF-A3,HF-B2, HF-B1,HF-A3
ASH Wall-95 Sheet Metal with 2 In. Insulation HF-A3 HF-B3 HF-B1, HF-A3
ASH Wall-96 Sheet Metal with 3 In. Insulation HF-A3 HF-B4 HF-B1 HF-A3

16

Constructions




LIBRARIES & REPORTS

Roof Constructions

ENVELOPE LIBRARIES

Table 4 Roof Constructions

LAYERS

Code-word Description Materials (outside to inside)

ASH Roof-1 Roof Terrace System HF-C12,HF-B1,HF-B6,HF-E2 HF-
E3 HF-C5 HF-E4 HF-E5

ASH Roof-2 4 In. Wood with 2 In. Insulation HF-E2, HF-E3,HF-B6,HF-B9,HF-
B4 HE-E5

ASH Roof-3 2.5 In. Wood with 2 In.Insulation HF-E2 HF-E3,HF-B6,HF-B8 HF-
FE4 HF-E5

ASH Roof-4 4 In. Wood with 2 In. Insulation HF-E2, HF-E3,HF-B6,HF-B7, HF-
B4 HE-E5

ASH Roof-5 4 In. Wood with 1 In. Insulation HF-E2 HF-E3,HF-B5,HF-B9,HF-
FE4 HF-E5

ASH Roof-6 2.5 In. Wood with 1 In. Insulation HF-E2, HF-E3,HF-B5,HF-B8 HF-
E4 HE-E5

ASH Roof-7 1 In. Wood with 1 In. Insulation HF-E2 HF-E3,HF-B5,HF-B7 HF-
FE4 HF-E5

ASH Roof-8 8 In. Light Weight Concrete HF-E2,HF-E3,HF-C16,HF-E4, HF-E5

ASH Roof-9 6 In. Light Weight Concrete HF-E2,HF-E3,HF-C15,HF-E4,HF-E5

ASH Roof-10 4 In. Light Weight Concrete HF-E2,HF-E3,HF-C14,HF-E4,HF-E5

ASH Roof-11 6 In. Heavy Weight Concrete with 2 In. Insulation HF-E2 HF-E3,HF-B6,HF-C13,HF-
BE4 HE-E5

ASH Roof-12 4 In. Heavy Weight Concrete with 2 In. Insulation HF-E2 HF-E3,HF-B6,HF-C5,HF-
FE4 HEF-E5

ASH Roof-13 2 In. Heavy Weight Concrete with 2 In. Insulation HF-E2 HF-E3,HF-B6,HF-C12 HF-
BE4 HF-E5

ASH Roof-14 6 In. Heavy Weight Concrete with 1 In. Insulation HF-E2,HF-E3,HF-B5 HF-C13,HF-
FE4 HEF-E5

ASH Roof-15 4 In. Heavy Weight Concrete with 1 In. Insulation HF-E2 HF-E3,HF-B5,HF-C5,HF-
BE4 HF-E5

ASH Roof-16 2 In. Heavy Weight Concrete with 1 In. Insulation HF-E2,HF-E3, HF-B5 HF-C12,HF-
FE4 HEF-E5

ASH Roof-17 Steel Sheet with 2 In. Insulationn HF-E2,HF-E3,HF-B6,HF-A3,HF-
B4 HF-E5

ASH Roof-18 Steel Sheet with 1 In. Insulation HF-E2 HF-E3,HF-B5,HF-A3, HF-
FE4 HF-E5

ASH Roof-19 Roof Tetrace System HF-C12,HF-B1, HF-B6,HF-E2 HF-
E3,HE-C5

ASH Roof-20 4 In. Wood with 2 In. Insulation HF-E2 HF-E3 HF-B6,HF-B9

ASH Roof-21 2.5 In. Wood with 2 In. Insulation HF-E2 HF-E3 HF-B6,HF-B8

ASH Roof-22 1 In. Wood with 2 In. Insulation HF-E2 HF-E3 HF-B6,HF-B7

ASH Roof-23 4 In. Wood with 1 In. Insulation HF-E2,HF-E3,HF-B5,HF-B9

ASH Roof-24 2.5 In. Wood with 1 In. Insulation HF-E2 HF-E3 HF-B5 HF-B8

ASH Roof-25 1 In. Wood with 1 In. Insulation HF-E2 HF-E3 HEF-B5 HEF-B7

ASH Roof-26 8 In. Light Weight Concrete HF-E2,HF-E3,HF-C16

ASH Roof-27 6 In. Light Weight Concrete HF-E2 HF-E3 HF-C15

ASH Roof-28 4 In. Light Weight Concrete HF-E2 HF-E3 HEF-C14

ASH Roof-29 6 In. Heavy Weight Concrete with 2 In. Insulation HF-E2,HF-E3,HF-B6,HF-C13

ASH Roof-30 4 In. Heavy Weight Concrete with 2 In. Insulation HF-E2 HF-E3 HF-B6,HF-C5

ASH Roof-31 2 In. Heavy Weight Concrete with 2 In. Insulation HF-E2 HF-E3,HF-B6,HF-C12

ASH Roof-32 6 In. Heavy Weight Concrete with 1 In. Insulation HF-E2,HF-E3,HF-B5,HF-C13

ASH Roof-33 4 In. Heavy Weight Concrete with 1 In. Insulation HF-E2 HF-E3 HF-B5 HF-C5

ASH Roof-34 2 In. Heavy Weight Concrete with 1 In. Insulation HF-E2 HF-E3,HF-B5,HF-C12

ASH Roof-35 Steel Sheet with 2 In. Insulation HF-E2 HF-E3,HF-B6,HF-A3

ASH Roof-36 Steel Sheet with 1 In. Insulation HF-E2 HF-E3,HF-B5,HF-A3
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Table 5 Interior-Wall Constructions

LAYERS
Code-word Description Materials (outside to inside)
ASH Int Wall-1 4 In. Clay Tile with 0.75 In.Plaster HF-E1 HF-C1 HF-E1

ASH Int Wall-2 4 In. Light Weight ConcreteBlock with 0.75 In. Plaster HF-E1,HF-C2,HF-E1
ASH Int Wall-3 4 In. Heavy Weight ConcreteBlock with 0.75 In. Plaster HF-E1 HF-C3 HF-E1
ASH Int Wall-4 4 In. Common Brick with 0.75 In. Plaster HF-E1 HF-C4 HF-E1
ASH Int Wall-5 4 In. Heavy Weight Concretewith 0.75 In. Plaster HF-E1,HF-C5HF-E1
ASH Int Wall-6 5 In. Clay Tile with 0.75 In. Plaster HF-E1,HF-C6,HF-E1
ASH Int Wall-7 8 In. Light Weight Concrete Block, Plastered Both Sides HF-E1,HF-C7 HF-E1
ASH Int Wall-8 8 In. Heavy Weight Concrete Block, Plastered Both Sides HF-E1 HF-C8 HF-E1
ASH Int Wall-9 8 In. Common Brick, Plastered Both Sides HF-E1 HF-C9 HF-E1
ASH Int Wall-10 8 In. Heavy Concrete, Plastered Both Sides HF-E1,HF-C10,HF-E1

ASH Int Wall-11

12 In. Heavy Concrete, Plastered Both Sides

HF-E1,HF-C11,HF-E1

ASH Int Wall-12 4 In. Clay Tile HF-C1
ASH Int Wall-13 4 In. Light Weight Concrete Block HF-C2
ASH Int Wall-14 4 In. Heavy Weight Concrete Block HF-C3
ASH Int Wall-15 4 In. Common Brick HF-C4
ASH Int Wall-16 4 In. Heavy Weight Concrete HF-C5
ASH Int Wall-17 8 In. Clay Tile HF-Co
ASH Int Wall-18 8 In. Light Weight Concrete Block HE-C7
ASH Int Wall-19 8 In. Heavy Weight Concrete Block HF-C8
ASH Int Wall-20 8 In. Common Brick HF-C9
ASH Int Wall-21 8 In. Heavy Weight Concrete HF-C10
ASH Int Wall-22 12 In. Heavy Weight Concrete HF-C11
ASH Int Wall-23 Frame Partition with 0.75 In. Gypsum Board HF-E1,HF-B1,HF-E1
ASH Int Wall-24 1 In. Wood HF-B7
ASH Int Wall-25 2 In. Wood HF-B10
ASH Int Wall-26 3 In. Wood HF-B11
ASH Int Wall-27 4 In. Wood HF-B9

ASH Int Wall-28

Frame Partition with 1 In. Wood

HP-B7,HP-B1,HF-B7

ASH Int Wall-29 2 In. Furniture HF-B10,HF-B1, HF-B10
ASH Int Wall-30 3 In. Furniture HF-B11 HF-B1 HF-B11
ASH Int Wall-31 2 In. Heavy Weight Concrete Floor Deck HF-C12

ASH Int Wall-32 4 In. Heavy Weight Concrete Floor Deck HF-C5

ASH Int Wall-33 2 In. Light Weight Concrete Floor Deck HF-C5

ASH Int Wall-34 8 In. Heavy Weight Concrete Floor Deck HF-C10

ASH Int Wall-35 8 In. Light Weight Concrete Floor Deck HF-C7

ASH Int Wall-36 2 In. Wood Deck HF-B10

ASH Int Wall-37 3 In. Wood Deck HE-B11

ASH Int Wall-38 2 In. Heavy Weight Concrete Deck with False Ceiling HF-C10,HF-E4,HF-E5
ASH Int Wall-39 4 In. Heavy Weight Concrete Deck with False Ceiling HF-C5,HF-E4,HF-E5
ASH Int Wall-40 4 In. Light Weight Concrete Deck with False Ceiling HF-C2,HF-E4 HF-E5
ASH Int Wall-41 8 In. Heavy Weight Concrete Deck with False Ceiling HF-C10,HF-E4,HF-E5
ASH Int Wall-42 8 In. Light Weight Concrete Deck with False Ceiling HF-C7,HF-E4,HF-E5
ASH Int Wall-43 2 In. Wood Deck with False Ceiling HF-B10,HF-E4 HF-E5
ASH Int Wall-44 3 In. Wood Deck with False Ceiling HF-B11,HF-E4 HF-E5

ASH Int Wall-45

12 In. Heavy Weight Concrete Deck with False Ceiling

HF-C11,HP-E4,HE-E5

ASH Int Wall-46

4 In

. Wood Deck with False Ceiling

HF-BY,HF-E4,HF-E5

ASH Int Wall-47

Stee

1 Deck with False Ceiling

HF-A3,HE-E4,HF-E5
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WINDOW LIBRARY

This section summarizes the available glazings in the window library. Single-pane entries are given first, followed by
double-, triple-, and quadruple-pane. For a given number of panes, clear and low-iron glazings are given first,
followed by tinted, reflective, low-E, and electrochromic options.

You can find the best GLASS-TYPE-CODE for a particular glazing product by matching the number of panes,
glass thickness, gap width, tint, coating, and gas fill from the manufacturer's data sheet with the cotresponding
information in Table 6. Manufactutet's values for shading coefficient, transmittance, and reflectance can be used to
check your selection. If you can't find a good match, you can create your own glazing layer-by-layer using the
Window Layer Method.

The terminology used in the glazing descriptions is as follows:

Table 7 Library Terminology

Term Description
Clear: No impurities added to the glass mix.
Low Iron: Clear glass with a low iron content, resulting in higher transmittance.
Tint: Outer pane is tinted with inorganic materials to increase absorption in certain areas of

the visible spectrum in order to produce a certain color.

Ref: Reflective; i.e., a metallic coating is applied to one surface of a pane in order to
increase solar reflection. Ref-A refers to stainless steel coatings, Ref-B to titanium,
Ref-C to pewter, and Ref-D to tin-oxide. L, M, and H used with Clear and Tint refer
to low, medium, and high transmittance coating, respectively.

Low-E: A low emissivity metallic coating is applied in order to increase thermal IR reflectance.
The coated surface is indicated by en = v, where n = 1 is the outside of the outer
pane, n = 2 is the inside of the outer pane, etc., and v is the emissivity (see, for
example, G-T-C = 2635, where €2 = 0.1 indicates a coating with an emissivity of 0.1
on surface #2).

Film: A polyester film (with low-E coating) stretched between glass panes. The
approximate visible transmittance of the film (in percent) is shown as (nn); see, for
example, G-T-C = 3641.

Electrochromic: A coating that makes the glazing more absorbing or more reflecting as the voltage
applied to glazing changes.

Bleached: The clearest state of electrochromic glass.

Colored: The darkest state of electrochromic glass.
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Table 8 Column Headings in Glazing Table

Heading

Description

G-T-C:

The GLASS-TYPE-CODE. The first digit is the number of panes. The second digit
is O for clear or low-iron; 2 for tinted but no coating; 4 for reflective coating with
clear or tinted glass; 6 for low-E coating on clear or tinted glass, and 8 for
electrochromic glass.

U-SL

Center-of-glass U-value in ST units (W/m2-K) for ASHRAE winter conditions [-
17.8C (OF) outside temperature, 21.1C (70F) inside temperature, 6.71 m/s (15 mph)
windspeed and zero incident solar radiation|. The program calculates the overall
conductance of a window as the area-weighted average of the center-of-glass U-value,
the edge-of-glass U-value and the frame U-value. The center-of-glass U-value includes
a combined convective plus radiative outside air film conductance of 28.7 W/m2-K.

U-IP:

Center-of-glass U-value in inch-pound units (Btu/ft2-h-F) for ASHRAE winter
conditions. Includes a combined convective plus radiative outside air film
conductance of 5.0 Btu/ft2-h-F.

SC:

Center-of-glass ASHRAE shading coefficient for ASHRAE summer conditions [35C
(95F) outside temperature, 24C (75F) inside temperature, 3.3 m/s (7.5 mph)
windspeed, and near-normal incident solar radiation of 783 W/m2 (248 Btu/h-ft2)].

SHGC:

Center-of-glass solar heat gain coefficient at near normal incidence for ASHRAE
summer conditions.

Tsol:

Center-of-glass solar transmittance for all glazing layers, at normal incidence.

Rfsol:

Center-of-glass solar reflectance for all glazing ayers for radiation incident from the
front at normal incidence.

Twis:

Center-of-glass visible transmittance for all glazing layers, at normal incidence.

Rfvis:

Center-of-glass visible reflectance for all glazing layers for radiation incident from the
front at normal incidence.

Pane #n ID:

Identification number of the nth solid layer (pane) in the glazing assembly. The panes
are numbered from the outdoor side of the window to the room sid