
Building Science 
Frame Walls

Joseph Lstiburek, Ph.D., P.Eng, ASHRAE Fellow

presented by www.buildingscience.com



Building Science Corporation
Joseph Lstiburek  2



Building Science Corporation
Joseph Lstiburek  3



Building Science Corporation
Joseph Lstiburek  4



Building Science Corporation
Joseph Lstiburek  5



Building Science Corporation
Joseph Lstiburek  6



Building Science Corporation
Joseph Lstiburek  7



Building Science Corporation
Joseph Lstiburek  8



Building Science Corporation
Joseph Lstiburek  9



Building Science Corporation
Joseph Lstiburek  10



Building Science Corporation
Joseph Lstiburek  11



Building Science Corporation
Joseph Lstiburek  12



Building Science Corporation
Joseph Lstiburek  13



Building Science Corporation
Joseph Lstiburek    14



Building Science Corporation
Joseph Lstiburek    15



Building Science Corporation
Joseph Lstiburek    16



Building Science Corporation
Joseph Lstiburek   17



Building Science Corporation
Joseph Lstiburek    18



Building Science Corporation
Joseph Lstiburek    19



Building Science Corporation
Joseph Lstiburek    20



Building Science Corporation
Joseph Lstiburek    21



Building Science Corporation
Joseph Lstiburek   22



Building Science Corporation
Joseph Lstiburek    23



Building Science Corporation
Joseph Lstiburek   24



Building Science Corporation
Joseph Lstiburek   25



Building Science Corporation
Joseph Lstiburek    26



Building Science Corporation
Joseph Lstiburek   27



Building Science Corporation
Joseph Lstiburek   28



Building Science Corporation
Joseph Lstiburek    29



Building Science Corporation
Joseph Lstiburek    30



Building Science Corporation
Joseph Lstiburek    31



Building Science Corporation
Joseph Lstiburek    32



Building Science Corporation
Joseph Lstiburek    33



Building Science Corporation
Joseph Lstiburek    34



Building Science Corporation
Joseph Lstiburek    35



Building Science Corporation
Joseph Lstiburek    36



Building Science Corporation
Joseph Lstiburek    37



Building Science Corporation
Joseph Lstiburek    38



Building Science Corporation
Joseph Lstiburek    39



Building Science Corporation
Joseph Lstiburek    40



Building Science Corporation
Joseph Lstiburek    41



Building Science Corporation
Joseph Lstiburek    42



Building Science Corporation
Joseph Lstiburek    43



Building Science Corporation
Joseph Lstiburek    44



Building Science Corporation
Joseph Lstiburek    45



Building Science Corporation
Joseph Lstiburek   46



Building Science Corporation
Joseph Lstiburek    47



Building Science Corporation
Joseph Lstiburek    48



Building Science Corporation
Joseph Lstiburek  49



Building Science Corporation
Joseph Lstiburek   50



Building Science Corporation
Joseph Lstiburek    51



Building Science Corporation
Joseph Lstiburek  52



Building Science Corporation
Joseph Lstiburek    53



Building Science Corporation
Joseph Lstiburek    54



Building Science Corporation
Joseph Lstiburek    55



Building Science Corporation
Joseph Lstiburek    56



Building Science Corporation
Joseph Lstiburek    57



Building Science Corporation Joseph Lstiburek



Building Science Corporation
Joseph Lstiburek - Walls and Windows   59



Building Science Corporation
Joseph Lstiburek    60



Building Science Corporation
Joseph Lstiburek    61



Building Science Corporation
Joseph Lstiburek    62



Building Science Corporation
Joseph Lstiburek    63



Building Science Corporation
Joseph Lstiburek    64



Building Science Corporation
Joseph Lstiburek    65



Building Science Corporation
Joseph Lstiburek    66



Building Science Corporation
Joseph Lstiburek    67



Building Science Corporation
Joseph Lstiburek    68



Building Science Corporation
Joseph Lstiburek    69



Building Science Corporation
Joseph Lstiburek    70



Building Science Corporation
Joseph Lstiburek    71



Building Science Corporation
Joseph Lstiburek    72



Building Science Corporation
Joseph Lstiburek    73



Building Science Corporation
Joseph Lstiburek    74



Building Science Corporation
Joseph Lstiburek    75



Building Science Corporation
Joseph Lstiburek    76



Building Science Corporation
Joseph Lstiburek    77



Building Science Corporation
Joseph Lstiburek    78



Building Science Corporation
Joseph Lstiburek    79



Building Science Corporation
Joseph Lstiburek    80



Building Science Corporation
Joseph Lstiburek    81



Building Science Corporation
Joseph Lstiburek    82



Building Science Corporation
Joseph Lstiburek    83



Building Science Corporation
Joseph Lstiburek    84



Building Science Corporation
Joseph Lstiburek    85



Building Science Corporation
Joseph Lstiburek    86



Building Science Corporation
Joseph Lstiburek    87



Building Science Corporation
Joseph Lstiburek    88



Building Science Corporation
Joseph Lstiburek    89



Building Science Corporation
Joseph Lstiburek    90



Building Science Corporation
Joseph Lstiburek    91



Building Science Corporation
Joseph Lstiburek    92



Building Science Corporation
Joseph Lstiburek    93



Building Science Corporation
Joseph Lstiburek    94



Building Science Corporation
Joseph Lstiburek    95



Building Science Corporation
Joseph Lstiburek    96



Building Science Corporation
Joseph Lstiburek    97



Building Science Corporation
Joseph Lstiburek - Walls and Windows   98



Building Science Corporation
Joseph Lstiburek - Walls and Windows   99



Building Science Corporation
Joseph Lstiburek - Walls and Windows   100



Building Science Corporation
Joseph Lstiburek    101



Building Science Corporation
Joseph Lstiburek - Walls and Windows   102



Building Science Corporation
Joseph Lstiburek - Walls and Windows   103



Building Science Corporation
Joseph Lstiburek - Walls and Windows   104



Building Science Corporation
Joseph Lstiburek - Walls and Windows   105



Building Science Corporation
Joseph Lstiburek - Walls and Windows   106



Building Science Corporation
Joseph Lstiburek    107



Building Science Corporation
Joseph Lstiburek    108



Building Science Corporation
Joseph Lstiburek    109



Building Science Corporation
Joseph Lstiburek - Walls and Windows   110



Building Science Corporation
Joseph Lstiburek - Walls and Windows   111



Building Science Corporation
Joseph Lstiburek - Walls and Windows   112



Building Science Corporation
Joseph Lstiburek - Walls and Windows   113



Building Science Corporation
Joseph Lstiburek - Walls and Windows   114



Building Science Corporation
Joseph Lstiburek - Walls and Windows   115



Building Science Corporation
Joseph Lstiburek - Walls and Windows   116



Building Science Corporation
Joseph Lstiburek - Walls and Windows   117



Building Science Corporation
Joseph Lstiburek - Walls and Windows   118



Building Science Corporation
Joseph Lstiburek  119

Crawl Spaces
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Crawl spaces must be completely 
connected to either the outside or the 
inside
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Crawl spaces must be completely 
connected to either the outside or the 
inside
Vented crawl spaces work
Unvented conditioned crawl spaces work
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Don’t Do Stupid Things
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Smart Thing
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Conditioned Crawlspaces Not Unvented 
Crawlspaces

Need Supply Air
50 cfm/1000 ft2 of Crawlspace Area

Or
Dehumidification
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Smart Thing
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Mechanical Systems
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Mechanical Systems
Cooling System To Make It Cold
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Mechanical Systems
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Mechanical Systems
Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm
Energy Recovery System To Keep It Cold 

and Dry and Warm and Comfortable
Distribution System To Make It Uniform
Range Hoods Are A Special Kind of Hell
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Don’t Try to Combine Them…...
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Build Tight - Ventilate Right
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Build Tight - Ventilate Right
How Tight?
What’s Right?
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Air Barrier Metrics

Material 0.02 l/(s-m2) @ 75 Pa
Assembly 0.20 l/(s-m2) @ 75 Pa
Enclosure 2.00 l/(s-m2) @ 75 Pa

0.25 cfm/ft2 @ 50 Pa



Building Science Corporation
Joseph Lstiburek   176

Getting rid of big holes 3 ach@50
Getting rid of smaller holes 1.5 ach@50
Getting German 0.6 ach@50
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Best

As Tight as Possible - with -
Balanced Ventilation
Energy Recovery
Distribution and Mixing
Source Control - Spot exhaust ventilation

Filtration
Material selection
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Worst

Leaky - with – Nothing
Spot Ventilation in Bathroom/Kitchen
Exhaust Ventilation – with – No Distribution 

and No Mixing
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Three Types of Controlled Ventilation 
Systems

Exhaust Ventilation
Supply Ventilation
Balanced Ventilation
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Ventilation Rates Are Based on Odor Control
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Ventilation Rates Are Based on Odor Control
Health Science Basis for Ventilation Rates is 

Extremely Limited
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Ventilation Rates Are Based on Odor Control
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Extremely Limited
Almost Nothing Cited Applies to Housing
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Ventilation Rates Are Based on Odor Control
Health Science Basis for Ventilation Rates is 

Extremely Limited
Almost Nothing Cited Applies to Housing
The Applicable Studies Focus on Dampness
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ASHRAE Standard 62.2 calls for 7.5 cfm per 
person plus 0.03 cfm per square foot of 
conditioned area

Occupancy is deemed to be the number of 
bedrooms plus one
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ASHRAE Standard 62.2 calls for 7.5 cfm per 
person plus 0.03 cfm per square foot of 
conditioned area

Occupancy is deemed to be the number of 
bedrooms plus one

Outcome is often bad – part load humidity 
problems, dryness problems, energy 
problems
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IRC 2015 and 2018 calls for 7.5 cfm per 
person plus 0.01 cfm per square foot of 
conditioned area

Occupancy is deemed to be the number of 
bedrooms plus one
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3 Bedroom House – 2,500 ft2
30 cfm plus 75 cfm 
105 cfm
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3 Bedroom House – 2,500 ft2
30 cfm plus 25 cfm 
55 cfm



Building Science Corporation
Joseph Lstiburek   198

3 Bedroom House – 2,500 ft2
30 cfm plus 25 cfm 
55 cfm
With Balanced and Distributed 30 percent 

credit
38.5 cfm
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Dilution For People
Source Control For The Building



Building Science Corporation
Joseph Lstiburek  200



Recommended Range of Relative Humidity
Above 25 percent during winter
Below 70 percent during summer
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Kitchen Exhaust Hoods



Building Science Corporation
Joseph Lstiburek  205



Building Science Corporation
Joseph Lstiburek     206



Building Science Corporation
Joseph Lstiburek  207



Building Science Corporation
Joseph Lstiburek  208



Building Science Corporation
Joseph Lstiburek  209



Building Science Corporation
Joseph Lstiburek  210



Building Science Corporation
Joseph Lstiburek  211



Building Science Corporation
Joseph Lstiburek  212



Building Science Corporation
Joseph Lstiburek  213



Building Science Corporation
Joseph Lstiburek  214



Building Science Corporation
Joseph Lstiburek  215



Building Science Corporation
Joseph Lstiburek  216



Building Science Corporation
Joseph Lstiburek   217

Clothes Dryers
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Fireplaces
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Approaches
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