
Advanced Building Science 

• Fenestration 
– Basic Components 
– U-Factor 
– Solar Heat Gain 
– Visible Transmission 
– Air Leakage 
– Condensation Resistance 
– Standards 

 
• Readings 

– HF: Chapter 15 
– HPE: Chapter 3.3.5 to 3.3.8 
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Fenestration 

Basic Components 
– Glazing 

• types (clear, tinted, coated, laminated, patterned, etc.) 
– Insulating Glazing Units 

• glazing (see above) 
• spacer (materials & profile) 
• sealants 
• desiccants 
• gas fill (air, argon, krypton, xenon) 

– Frame 
• operator type 
• material and profile 

– Window Treatments & Shading 
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Window Types 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 15.3 



Fenestration 

U-Factor (Thermal Transmittance) 
– Center-of-glass 

 
– Edge-of-glass 

 
– Frame 

 
– Other (dividers, decorative grilles, and muntins) 
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Anatomy of an IGU 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 15.1 



U-Factor for Double-Pane 
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Source: ASHRAE Handbook 
Fundamentals 2013, Chapter 15.4 



U-Factor for Triple-Pane 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.4 



Typical U-Factors 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 15.5 



Assumed Indoor Surface Film Coefficients 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 15.6 



Fenestration 

Solar Heat Gain & Visible Transmittance 
– Incident Solar Radiation 

• spectral irradiances 
• solar angles 
• optical properties 

– Solar Heat Gain Coefficient 
• old method used shading coefficient 

– Visible Transmittance 
– Total Solar Gain 

• beam + diffuse 
– Shading Devices 

• angle dependency (profile angle) 
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Solar Spectrum 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 4 



Spectral Distribution 
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Source: Straube & Burnett, 
Building Science for Building 
Enclosures, Chapter 4 



Key Wavelengths 
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Source: Straube & Burnett, 
Building Science for 
Building Enclosures, 
Chapter 4 



Solar Gain on Windows 
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Source: Straube & Burnett, 
Building Science for Building 
Enclosures, Chapter 4 



Transmittance vs. Reflectance 
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Source: ASHRAE 
Handbook 
Fundamentals 2013, 
Chapter 15.14 



Incident Angle 
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Source: ASHRAE 
Handbook Fundamentals 
2013, Chapter 15.14 



Spectrally Selective Glass 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.14 



Wavelength Responses 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.16 



Idealized Glass Transmittance  
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.16 



Solar Radiation Heat Gain 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.18 



Solar Radiation Heat Gain 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.28 



Sun Angles & Shading Devices  
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.29 



Sun Angles & Shading Devices  
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Source: ASHRAE 
Handbook 
Fundamentals 2013, 
Chapter 15.30 



Fenestration 

Air Leakage 
– Not as significant as one might expect 

 
– For window units, it is usually given in  

• cfm per linear foot of crack 
• cfm per unit area 

 

– Installation leakage can be far greater than unit 
leakage 
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Fenestration 

Daylighting 
– Important, but beyond our scope 

 
– From an energy perspective 

• Useful in residential, but very difficult to quantify 
• Very important in commercial, because daylight can produce a 

similar amount of light with less heat energy 
– but becoming less so with CFL & LED technologies 

 

– But this issue is bigger than energy, 
• Some evidence of productivity, learning, and health benefits 
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Visible Transmittance 
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Source: ASHRAE 
Handbook 
Fundamentals 2013, 
Chapter 15.52 



Fenestration 

Condensation 
– Temperature distribution for a typical window 

 
– Glass surface temperatures 

 
– Condensation index, condensation resistance factor, 

and temperature index 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

University of Minnesota – Bioproducts & Biosystems Engineering  
© 2016 Regents of the University of Minnesota. All Rights Reserved 

27 



Vertical Temperature Distribution 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.54 



Indoor Surface Temperatures 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.55 



Condensation Resistance 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.55 



Window Condensation 
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Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 15.56 



Fenestration 

Occupant Comfort and Acceptance 
– Thermal comfort 

• glass temperature 
• air movement 
• solar gain 

– Visual comfort 
– Sound reduction 
– Safety and security 
– Life-cycle costs 
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Windows & Thermal Comfort 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 15.56 



Fenestration 

• Standards 
– National Fenestration Ratings Council (NFRC) 
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Absortpance & Emittance 
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Source: Straube and Burnett, Building Science for Building Enclosures, Chapter 4 



In Summary 

Questions and Discussion 
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Next Class 

• Building Loads 
– Intro to Loads 
– Heating Load Calculations 

 
 

• HF:  Chapter 17; Chapter 18 (review only) 
• HPE: Appendix A (supplemental) 
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