
Advanced Building Science 

• Moisture Control in Insulated Assemblies 
– General moisture concerns 
– Moisture in building materials 
– Moisture migration 
– Vapor diffusion vs. convective mass transport 

 
• Readings 

– HF: Chapter 25 => 25.10 to 25.17 
– HF: Chapter 26 => 26.13 to 26.20 
– HF: Chapter 27 => 27.7 to 27.12 
– HPE: Chapter 3.5 & 3.6 
– BG: Pages 105 to 130 (Appendix II & III for editions prior to 

2004) 
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Moisture Control in Insulated Buildings 

General Moisture Concerns 
– Invisible 

• degradation of thermal resistance 
• decrease in strength/stiffness of building materials (esp. wood) 

– Visible 
• mold and mildew 
• decay of wood-based materials 
• spalling of brick, masonry, and concrete 
• hydration of plastic materials 
• corrosion of metals 
• damage due to expansion 
• decline in visual appearance 
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Moisture Control in Insulated Buildings 

Moisture in Building Materials 
– Typical sorption isotherms for hygroscopic materials 

• adsorption => as relative humidity rises, materials gain 
moisture 

• desorption => as relative humidity drops, materials lose 
moisture  

• hysteresis => differential isotherms for wetting and drying 
 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

3 



Sorption Isotherms for Materials 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Sorption Isotherms for Materials 
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Source: ASHRAE Fundamentals Handbook 2005, Chapter 23.6 



Sorption Isotherms for Materials 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Sorption Isotherms for Materials 
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SOURCE: ASHRAE Handbook Fundamentals 2009, Chapter 26 



Sorption Isotherms for Materials 
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SOURCE: ASHRAE Handbook Fundamentals 2009, Chapter 25 



Moisture in Porous Materials 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Moisture in Porous Materials 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Moisture in Porous Materials 
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Source: Straube & Burnett, Building Science for 
Building Enclosures, Chapter 8 



Moisture in Porous Materials 
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SOURCE: ASHRAE Handbook Fundamentals 2009, Chapter 25 



Moisture Control in Insulated Buildings 

Moisture Migration 
– Liquid 

• bulk flow by gravity or air pressure 
• capillary suction in porous materials 

 

– Vapor 
• convective mass transport due to air pressure difference 
• diffusion due to vapor pressure difference  
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Water Vapor Transport 
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Source: Lstiburek, Builder’s Guide for Cold Climates 

Source: Lstiburek, Builder’s Guide for Cold Climates 2001 



Water Vapor Transport 
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Source: Lstiburek, Builder’s Guide for Cold Climates 2001 



Water Vapor Transport 
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Source: Lstiburek, Builder’s Guide for Cold Climates 2001 



Moisture Control in Insulated Buildings 

• Air Barriers 
– Fundamental to good building performance 
– Function of leakage and humidity ratio 
– Highly dependent on execution 

 
• Requirements for Air Barriers 

– Impermeable to air flow 
– Continuous over the entire building envelope 
– Able to withstand forces acting on it 
– Durable over the life of the building 

 BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

17 



Moisture Control in Insulated Buildings 

• Vapor Diffusion Retarders 
– Important, but frequently overstated 
– Function of material properties and vapor pressure 
– Primarily dependent on design and materials 

 

• Requirements for Vapor Diffusion Retarders 
– Low permeability 
– Full coverage, but not necessarily continuous 
– Durable over the life of the building 
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Material Permeability 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Material Permeability 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

20 

Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Material Permeability 
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Source: Lstiburek, Builder’s Guide for Cold Climates 2001 



Material Permeability 
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 26 



Material Permeability 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 8 



Condensation Potential 
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Source: Lstiburek, Builder’s Guide for Cold Climates 2001 



Moisture Control in Insulated Buildings 

Dew Point Calculation Method 
– 1. Find temperature of each surface/interface 
– 2. Find saturation vapor pressure for those 

temperatures 
– 3. Calculate the vapor pressure drop 
– 4. Compare saturation and calculated vapor 

pressures 
– 5. Where calculated vapor pressure is greater than 

saturation, fix that surface at the saturation pressure 
– 6. Recalculate the vapor pressure drops in two parts  
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Example 1 - ASHRAE  
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 27 
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Source: ASHRAE Handbook Fundamentals, Chapter 27 
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Source: ASHRAE Handbook Fundamentals, Chapter 27 
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Source: ASHRAE Handbook Fundamentals, Chapter 27 
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 27 
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Source: ASHRAE Handbook Fundamentals, Chapter 27 
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Source: ASHRAE Handbook Fundamentals, Chapter 27.11 
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Source: ASHRAE Handbook Fundamentals, Chapter 27.11 



Example 2 - BSBE 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 



BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

35 

Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 



Example 3 - BSBE 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 6 
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Source: Rose, Water in Buildings, Chapter 3 



Moisture Control in Insulated Buildings 

Mathematical Models 
– Focus on transient models 

• transient physics 
• one or two dimensional 
• detailed material properties 
• hourly boundary conditions 
• surface conditions 
• building systems and subsystem effects 
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In Summary 

Questions and Discussion 
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Next Class 

• Moisture Control in Insulated Assemblies 
– Drying of assemblies 
– Rainwater deposition & control 
– Wall categorization 

 
 

• Readings 
– HPE: Chapter 3.1 
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