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A 
absorptance 
 definition, 78 
 determinants of, 78–79 
 energy performance and, 78 
 optical properties database, 76 
 tinted glass, 84 
acoustical properties of windows, 60–61 
acrylic glazing material, 81 
aerogel windows, 110–11 
Air Conditioning Contractors of America, 224 
air infiltration 
 condensation and, 62 
 definition, 36, 46 
 determinants, 36, 125 
 energy effects, 46–48 
 IECC 2006 requirements, 25 
 measurement, 47, 48 
 sound control and, 60 
 sources of discomfort, 53 
 window type characteristics, 123–24 
Alliance to Save Energy, 222 
aluminum window frames, 126, 128–30, 136–38 
American Architectural Manufacturers Association, 

65, 220 
 standards, 224 
American Institute of Architects, 19, 220 
American National Standards Institute, 220 
American Society for Testing and Materials, 70, 220, 

224–25 
 sound transmission standards, 60–61 
 window installation standards, 138 
American Society of Heating, Refrigerating and Air 

Conditioning, Inc. (ASHRAE), 220 
 standards, 55, 217, 224 
American Solar Energy Society, 220 
angle of window surface 
 heat transfer and, 38 
 reflectance and, 76 
appearance, 33 
 elements of, 34–35 
 house design, 148 
 views through windows, 149–51 
argon gas, 97 
awning windows, 120, 123, 154, 162 
 
B 
building codes, 71 
Building Codes Assistance Project, 24 
building energy codes, 22–24 
 IECC 2006 codes, 25–27 
 
C 
Canadian professional organizations, 221, 225 
casement windows, 120, 123 
Center for Sustainable Building Research, 222 

Center for the Built Environment, 56–57 
clarity of glazing, 35 
clerestory window, 152 
climate zones and conditions, 174 
 ENERGY STAR program, 30 
 high altitude window installation, 145–46 
 in 2006 IECC, 25 
 north/central zone, 184–91 
 northern zone, 176–83 
 south/central zone, 192–99 
 southern zone, 200–207 
 summer heat gain controls, 159–66 
 sunlight patterns, 152–53 
 typical house energy performance, 31 
 ventilation considerations, 157–59 
 winter heat gain strategies, 169–73 
 see also wind conditions 
coatings and glazings 
 absorptance, 78–79 
 condensation risk, 62–63 
 fading effects, 68 
 glass surface temperature, 54 
 performance comparison of glazing types, 106–8 
 reflective, 86–87 
 reflectivity, 77–78 
 smart windows, 16 
 solar control, 15 
 transmittance and, 49, 51, 74–75 
 see also low-E coatings 
color, glass, 35, 80 
computer simulations, 65, 219–20 
condensation 
 air infiltration and, 62 
 causes, 61 
 between glazings, 66–67 
 glazing type and, 62–65 
 on interior frames, 62 
 interior humidity and, 61 
 outdoor, 66 
 problems caused by, 61, 62 
 resistance rating, 65 
 in skylights and roof windows, 62 
conduction 
 definition, 35 
 measurement, 36 
convection 
 definition, 35 
 in heat transfer, 37 
 measurement, 36 
cost–savings calculations 
 air leakage effects, 47 
 frame materials, 136–38 
 glazing area, 17–18, 161–62, 166 
 life-cycle analysis, 208–10 
 national energy use, 19–21 
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 north/central climate zone energy performance, 
184–91 

 northern climate zone energy performance, 176–
83 

 performance comparison of glazing types, 106–8 
 shading conditions, 172–73 
 smart windows, 115–16 
 solar heat gain coefficient, 46f 
 south/central climate zone energy performance, 

192–99 
 southern climate zone energy performance, 200–

207 
 summer heat gain control strategies, 165–66 
 window orientation, 159, 170–72 
 for window selection, 8, 174, 175 
 winter solar gain strategies, 170–73 
 
D 
daylight, 151–56 
Department of Energy, U.S., 7, 17, 24, 217, 222 
Department of Housing and Urban Development, 

U.S., 226 
diffusion of direct sunlight, 154–55 
distortion, optical, 35 
DOE-2.1E, 220 
double-glazed windows 
 blinds in, 163–64 
 condensation risk, 62–63, 66–67 
 fading effects, 68f 
 heat transfer effects, 37 
 performance comparison of glazing types, 106–8 
 properties, 87–88 
 solar heat gain coefficient, 45f 
 technical evolution, 14, 88 
 thermal comfort index, 57 
 tinted glazing in, 89–90 
 transmittance, 50f 
 U-factors, 38–39 
double-hung windows, 120, 124 
drafts, 37, 52f, 53, 167 
drapes, 154, 162–63, 167 
durability of windows, 69–70, 98, 223 
 
E 
edge effects, 40, 103 
Efficient Windows Collaborative, 7, 28, 29, 31, 175 
electrochromic glazing, 16–17, 114–17 
electromagnetic spectrum, 73 
emergency exits, 126 
emittance 
 definition, 79 
 energy performance and, 72, 79 
 optical properties database, 76 
 see also low-E coatings 
Energy & Environmental Building Association, 138 
energy performance 

 building energy codes, 22–27 
 current state, 9 
 determinants, 33, 35–36, 72–73. see also specific 

factor 
 durability of windows and, 69–70 
 evolution of house design, 10–11 
 frame materials and, 136–38 
 future prospects, 16–17 
 glazing area and, 17–18, 161–62, 166 
 glazing technology to improve, 82 
 life-cycle cost calculations, 209–10 
 modeling software, 219–20 
 in north/central climate zone, 184–91 
 in northern climate zone, 176–83 
 rating systems, 7, 27 
 recent technical improvements, 15–16 
 in south/central climate zone, 192–99 
 in southern climate zone, 200–207 
 summer heat gain control, house design for, 159–

66 
 sustainable building movement, 21–22 
 technical evolution, 14–15 
 voluntary building energy-efficiency programs, 

27–28 
 window installation as factor in, 138 
 as window selection criterion, 174, 175 
 window types, 123–24 
 winter heat gain strategies, 169–73 
 winter heat loss control strategies, 166–69 
 see also heat transfer; high-performance windows 
ENERGY STAR Windows, 7, 28, 175, 222 
 essential elements, 30 
 north/central climate zone requirements, 184 
 northern climate zone requirements, 176 
 south/central climate zone requirements, 192 
 southern climate zone requirements, 200 
Environmental Protection Agency, 30 
evacuated windows, 108–10 
 
F 
fiberglass window frames, 135 
flashing, 140–42 
float glass, 14, 80 
Florida Solar Energy Center, 222 
fossil fuel use, 20 
frames. see sash and frame design 
French door, 13, 120, 124 
future of window technology, 16–17 
 glazing materials and treatments, 108–17 
 Lawrence Berkeley National Laboratories website, 

108 
 self-cleaning glass, 117 
 
G 
garden windows, 121 
gas-filled windows 
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 evacuated windows, 108–10 
 gas characteristics, 97–98 
 long-term performance, 98 
 performance comparison, 98–100 
 purpose, 15, 96–97 
glare, 52, 153–54 
Glass Association of North America, 220 
glassmaking 
 historical and technical evolution, 12–13, 79–80 
 tinted glass, 83 
glass properties 
 absorptance, 78–79 
 aesthetic considerations, 35 
 clear single glazing, 83 
 color, 35, 80 
 condensation risk, 62–65 
 emittance, 79 
 energy performance determinants, 72, 73–74 
 fading effects, 67–69, 75 
 future prospects, 108–17 
 heat strengthening, 80 
 iron content, 80 
 optical properties database, 76 
 performance comparison, 106–8 
 plastic properties vs., 81 
 reflectance, 76–78 
 solar heat gain coefficient, 45f 
 tempering, 80 
 thermal comfort index, 57 
 tinted glass, 83–86 
 translucent materials, 155 
 transmittance, 49–51, 50f, 73, 74–76 
 U-factors, 38–39 
Green Building Initiative, 22 
greenhouse windows, 121 
 
H 
haze, 35 
heat-strengthened glass, 80 
heat transfer 
 in aluminum window frames, 128–29 
 emissivity of glass, 79 
 glazing material properties and, 73–74 
 low-E coatings, 15 
 measurement of insulating value, 38–40 
 mechanisms, 35–38. see also specific mechanism 
 tinted glass, 84 
high-performance windows 
 benefits, 8, 16, 17–18 
 current utilization, 7 
 glass surface temperature, 55 
 house design considerations, 11, 147–48 
 net zero energy window, 17 
 rationale, 19–21 
 technologies, 15–16 
 tinting, 85–86 

 see also spectrally selective glass 
hinged windows, 120, 123 
hopper windows, 120, 123 
house design 
 air leakage risk, 47–48 
 building energy codes, 22–27 
 environmental considerations, 10–11 
 glazing area, 161–62, 166 
 heat loss control strategies, 166–69 
 with high-performance windows, 147–48 
 historical and conceptual evolution, 10–11, 14 
 lighting considerations, 151–56 
 north/central climate zone energy performance 

comparison, 187–90 
 northern climate zone energy performance 

comparison, 180–82 
 privacy considerations, 150–51 
 RESFEN modeling assumptions, 211–13 
 security considerations, 150 
 south/central climate zone energy performance 

comparison, 195–98 
 southern climate zone energy performance 

comparison, 203–6 
 summer heat gain controls, 159–66 
 sustainable building movement, 21–22 
 ventilation considerations, 156–59 
 view from windows, 149–51 
 voluntary building energy-efficiency programs, 

27–28 
 window selection criteria, 148–49 
 winter heat gain strategies, 169–73 
human factors 
 acoustical properties of windows, 60–61 
 transmittance, 49–51 
 ventilation function of windows, 59 
 in window selection, 33 
 see also thermal comfort 
 
I 
IECC. see International Energy Conservation Code 
IGMA certification, 70 
IGU certification, 70 
installation of windows 
 air barrier and water vapor retarders, 142–43 
 energy performance and, 138 
 general guidelines, 140 
 goals, 138 
 at higher altitudes, 145–46 
 information resources, 138 
 insulation, 142 
 replacement windows and sashes, 143–44 
 resources, 223 
 skylights, 144–45 
 water control in, 138–42 
insulated glazing, 14, 70 
Insulating Glass Manufacturers Alliance, 221 
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insulating value 
 definition, 36 
 determinants, 36–39 
 measurement. see U-factor 
 vinyl window frames, 133 
insulation around windows, 142 
insulation panels, 168 
International Code Council, 23, 220, 225 
International Energy Conservation Code (IECC), 23, 

24, 217 
 2006 standards, 25–27 
International Standards Organization, 221, 225 
 
K 
krypton gas, 17, 97 
 
L 
laminated glass, 71, 80, 105–6 
landscaping, 153, 164, 172 
Lawrence Berkeley National Laboratories, 17, 108, 

222 
leakage. see air infiltration; water resistance 
LEED for Homes™, 22 
life-cycle cost analysis, 208–10 
lighting design, 151–56 
light-to-solar-gain ratio, 51 
light tubes, 121, 155 
liquid crystal glazing, 113 
long-term performance, 33 
 gas-filled windows, 98 
 life-cycle cost analysis, 208–10 
low-E coatings 
 coating placement, 93–94 
 coating types, 92–93 
 condensation risk, 62–63 
 definition and function, 15 
 emittance, 79 
 energy performance effects, 90–91, 96, 100 
 fading effects, 69 
 glass color, 35 
 glass surface temperature, 55 
 laminated glazing, 105–6 
 origins and development, 14 
 performance comparison of glazing types, 106–8 
 reflectance, 76–77 
 solar gain properties, 94–96 
 thermal comfort index, 57–59 
 transmittance, 51 
 triple-glazed windows, 104–5 
 
M 
maintenance requirements, 70–71 
 cost calculations, 209 
 future of window technology, 117 
market transformation programs, 28 
materials of manufacture 

 aesthetic considerations, 34–35 
 aluminum, 128–30 
 composite and hybrid designs, 133–35 
 energy performance, 127, 136–38 
 evolution, 126–27 
 spacers, 101–2 
 types of frame materials, 118f 
 vinyl, 131–33 
 wood, 130–31 
Model Energy Code, 23 
mortgage rates, 24 
museum light, 69 
 
N 
NAHB Green Building Guidelines, 22 
National Association of Home Builders, 220 
National Energy Policy Act, 217 
National Fenestration Rating Council, 7, 28, 214, 221 
 condensation resistance rating, 65 
 label, 31, 175 
 standards, 225–26 
 testing and certification, 214–15, 217, 218 
 transmittance ratings, 50 
National Renewable Energy Laboratory, 222 
National Technical Information Service, 222 
net zero energy window, 17 
north/central climate zone, 184–91 
northern climate zone, 176–83 
 
O 
Oak Ridge National Laboratory, 222 
optical properties database, 76 
overhangs, 162 
 
P 
particle dispersed glazing, 113 
patio doors, 120 
photochromic materials, 112 
photopic sensitivity, 75 
placement, windows 
 evolution of house design, 10–11 
 lighting considerations, 151–56 
 for summer heat gain control, 159–66 
 ventilation considerations, 156–59 
 for winter heat gain, 169–72 
plastic glazing materials, 81–82 
 laminated glazing, 103–4, 105–6 
 low-E coatings, 93 
plastic window frames. see thermoplastic frames; 

vinyl frames 
polycarbonate glazing material, 81 
polyester glazing material, 82 
polyvinyl chloride. see vinyl frames 
privacy considerations, 150–51 
projected windows, 120 
pyrolytic coatings, 92–93, 94–95 
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Q 
quadruple-glazed windows, 100, 103 
 
R 
radiant asymmetry, 53 
radiation 
 definition, 35 
 fading effects, 67–69, 75 
 heat transfer, 37–38 
 measurement, 36 
 in solar heat gain, 43 
ratings 
 condensation resistance, 65 
 durability standards, 70 
 energy performance, 7, 27 
 quantifying thermal comfort, 54–56 
 sound transmission, 60–61 
 see also National Fenestration Rating Council 
reflectance 
 glazing properties and, 76–78 
 low-E coatings, 15 
 optical properties database, 76 
reflective glazing, 86–87 
regulations 
 building energy codes, 22–24 
 codes and standards, 224–26 
 ventilation requirements, 156 
replacement windows and sashes, 143–44 
RESCheck, 25 
RESFEN, 8, 32, 175, 219 
 modeling assumptions, 211–13 
 north/central climate zone energy performance 

comparison, 184–91 
 northern climate zone energy performance 

comparison, 176–83 
 south/central climate zone energy performance 

comparison, 192–99 
 southern climate zone energy performance 

comparison, 200–207 
Responsible Energy Codes Alliance, 24, 221 
R-value, 38 
 
S 
sash and frame design 
 air leakage, 48 
 condensation problems, 62, 65 
 heat transfer mechanism, 40 
 high-performance design, 16 
 maintenance requirements, 70–71 
 skylights and roof windows, 121 
 types of materials, 118f 
 types of windows, 119–24 
 water resistance, 71 
 weatherstripping, 124–25 
 see also installation of windows 

seal technology 
 double-seal systems, 101 
 single-seal systems, 101 
 technical evolution, 14, 88 
 see also spacers 
security considerations, 126, 150 
selection, window 
 building energy codes and, 22 
 cost considerations, 174, 175 
 determinants, 8, 29, 33, 174 
 durability considerations, 69–70 
 energy performance considerations, 174, 175 
 gas-filled windows, 98–100 
 house design considerations, 148–49 
 maintenance considerations, 70–71 
 for north/central climate zone, 184–91 
 for northern climate zone, 176–83 
 performance comparison of glazing types, 106–8 
 for south/central climate zone, 192–99 
 for southern climate zone, 200–207 
 step-by-step guide, 29–32 
 thermal comfort comparisons, 56–59 
 tools, 8 
self-cleaning glass, 117 
shades and blinds, 154, 162–64 
 heat loss control, 167–68 
shading 
 to increase solar gain, 172–73 
 to reduce heat gain, 162–66 
shading coefficient, 36, 43, 44 
single-hung windows, 120, 124 
skylights and roof windows 
 angle, 38 
 condensation problems, 62 
 design characteristics, 121 
 installation, 144–45 
 light diffusion, 155 
 light tubes, 121 
 north/central climate zone energy performance 

comparison, 191 
 northern climate zone energy performance 

comparison, 183 
 performance comparison, 108 
 south/central climate zone energy performance 

comparison, 199 
 southern climate zone energy performance 

comparison, 207 
sliding glass doors, 120, 124 
sliding windows, 120, 124 
smart windows, 16–17, 111–17 
solar heat gain coefficient 
 clear single glazing, 83f 
 definition, 36 
 determinants, 43, 44 
 double-glazed windows, 87f, 89–90 
 energy effects, 45–46 
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 house design for summer heat gain control, 159–
66 

 IECC 2006 requirements, 25, 27 
 light-to-solar-gain ratio, 51 
 low-E coatings, 94–96 
 measurement, 43, 44–45 
 reflective coatings, 86–87 
 significance, 43 
 tinted glass, 84f, 89–90 
solariums, 122 
sound control, 60–61 
south/central climate zone, 192–99 
southern climate zone, 200–207 
spacers 
 condensation risk, 63 
 functions, 100 
 heat transfer, 40, 98–100, 101, 103 
 single-seal system, 101 
 technical evolution, 88, 100–102 
 warm edge, 16, 98, 102–3 
spectrally selective glass, 85, 89–90. see also low–E 

coatings 
sputtered coatings, 92 
sun rooms, 122 
surface temperature of glass, 54, 55 
sustainable building movement, 21–22 
Sustainable Buildings Industry Council, 221 
 
T 
tax credits, 28 
Tax Incentives Assistance Project, 28 
tempered glass, 80 
thermal breaks, 129 
thermal comfort 
 determinants, 52 
 measurement, 54–56 
 product comparison, 56–59 
 significance of, 52 
 sources of discomfort, 53–54 
thermal radiation. see radiation 
thermochromic materials, 112–13 
thermography, 98–100 
thermoplastic frames, 135 
THERM 5 software, 65, 219–20 
tinted glass, 35, 83–86 
 with double-glazing, 89–90 
translucent glazing, 155 
transmittance, 49–51 
 clear single glazing, 83f 
 definition, 49, 74 
 determinants, 49 
 double-glazed windows, 87f, 89–90 
 electrochromic glazing, 114, 116 
 energy performance effects, 73 
 glazing properties and, 76 
 goals, 49–50 

 light-to-solar-gain ratio, 51 
 low-E coatings, 90–91, 96 
 measurement, 50 
 optical properties database, 76 
 reflective coatings, 87 
 tinted glass, 84, 85–86, 89–90 
 ultraviolet, 75 
 visible light, 73, 74–75 
transportation of manufactured windows, 145 
trickle ventilators, 157 
triple-glazed windows, 14 
 condensation risk, 62–63 
 effectiveness, 103 
 fading effects, 68f 
 with low-E coatings, 104–5 
 solar heat gain coefficient, 45f 
 thermal comfort index, 57 
 transmittance, 50f 
 U-factors, 38–39 
 
U 
U-factor 
 aluminum window frames, 129 
 center-of-glass, 39–40 
 clear single glazing, 83f 
 computer simulations, 65 
 definition, 38 
 determinants, 38–40 
 double-glazed windows, 87f, 89–90 
 energy effects, 42–43 
 frame materials and, 127 
 IECC 2006 requirements, 25, 27 
 low-E coatings, 96 
 overall, 40–41 
 performance comparison of frame materials, 136–

38 
 spacer effects, 101, 102–3 
 tinted glass, 84f, 89–90 
 wood frame windows, 131 
ultraviolet radiation, 67–69, 73, 75 
U.S. Green Building Council, 22 
utility rebates, 28 
 
V 
vacuum glazing, 108–10 
ventilation, 59 
 house design for, 156–59 
 sash operating types, 120 
 skylight and roof window features, 121 
views through windows, 149–51 
vinyl frames, 126, 131–33, 136–38 
visible light, 73, 74–75 
 
W 
warm edge spacers, 16, 98, 102–3 
water resistance, 71 



Residential Windows, 3rd edition Corrected index 7 

 window installation, 138–42 
weather conditions 
 air leakage and, 47, 125 
 see also climate zones; wind conditions 
weatherstripping, 16, 124–25 
 in sliding window sashes, 124 
wind conditions 
 air leakage and, 47 
 heat loss control strategies, 168–69 
 structural capacity of windows, 71 
 ventilation design, 157–59 
Window and Door Manufacturers Association, 221, 

226 
window selection. see selection, window 
WINDOW 5 software, 65, 219 
window technology, generally 
 future prospects, 16–17 
 historical evolution, 12–14 
 recent improvements, 15–16 
wood frames, 126, 130–31, 134–35, 136–38 
 
Z 
Zero Energy Window, 17 


