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Goals of Session

Understand the key roles in building performance
– Insulation
– Air sealing materials 
– Installation quality

Explore design details and installation practices 
Address boundary issues in building cavities

– Moisture
– Airflow

Disclaimer

The emphasis in content of this presentation and 
the details shown exhibit a bias towards cold 
climates

That’s the author’s primary experience

An attempt has been made to identify such places

Thermal Envelope Priorities

Achieve desired R-values
– Based on design intent

Resist moisture damage 
– Keep moisture out
– Promote or allow drying

Control air flow
– Reduce energy loads
– Support moisture control objectives

Insulation Priorities
Achieve full R-value

– Installation practices--material itself
– Context (surrounding environment)

Key Properties 
– R-value per thickness
– Air permeability
– Vapor permeance

Applications
– Preferences / Limitations / Availability

Insulation performance (Real World)
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Why is it So Bad?

The gaps and spaces dominate the heat loss
– No matter how much insulation you pile up 

next to a gap, the heat loss through the gap 
is not reduced at all

Larger initial R-value = greater effect
– R-38 design,  exposed 2x4 truss @24 o.c.

• Net = R-24.4
• Add 2% gap, net = R-19 

Typical installations…

© Kevin Kennefick 2001

Correct Installation
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Blown-in Blanket (BIB) Fiberglass

Damp spray cellulose
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Targeted Spray Foam

Band joist area
Rafter / ceiling joist / wall intersection
Difficult areas

– Dormers
– Odd framing bays
– Unvented roofs

Ducts in attic
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Key Insulation Properties
All fiber products are air and vapor permeable

– Must control wind washing (both sides, esp. exterior)
– Must pay attention to vapor control (in most climates)
– Must pay attention to air barrier alignment and 

enclosure
Most foams need to have 15-minute thermal barrier

– “Ignition barrier” in attics that have HVAC access
High density foam provides vapor control
Even foam only seals where it is

Eave baffles
Pre-cut for 16 o.c. or 24 
o.c.
Staple in place fast
Help prevent wind 
washing
Prevent filling of soffit 
area
No need for “propa-
vents”

Spray Foam at Eaves Cathedral Ceilings

Blocking and/
or wind baffle

Full thickness
over wall

Cantilever SolutionsCantilever Solutions

(from EPA thermal bypass checklist guide)
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Key Moisture Control Strategies

Prevent water getting in from outside
Roof – walls - foundation

Limit air flow
– Spray foams; air sealing

Keep vapor barrier warm w/ proper insulation
Exterior rigid foam insulation

– Keeps sheathing warm
– Adds R-value with vapor control

Air barriers

What do they have to do with 
moisture? • Cold      

climate
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• Cold      
climate

Interior and Exterior Air Barriers

Interior air leaks 
allow warm humid 
air to reach the 
exterior sheathing

• Cold      
climate

(reversible)

Interior and Exterior Air Barriers

Exterior air 
leaks allow 
wind washing 
and chilling of 
interior vapor 
barrier

• Cold      
climate

(reversible)
Keeping water out
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www.buildingscience.com

Click on “Homeowner 
resources”

www.eeba.org

Water Management Guide

From Fine 
Homebuilding
February/March 2001

“Rain Screen”
Wall

Moisture-resistant Wall (any climate)

2x4 structural wall, R-11 
batt or blown insulation

Gypsum wallboard with latex paint

Z-flashing at horizontal joints (optional); 
Pan flashings at window/door openings

1.5-2" Extruded polystyrene, seal edges.  
Horizontal joints not staggered.

Exterior structural sheathing

Air space for drainage (furring)

Exterior cladding

Ridged sheathing wrap (“drain wrap”)
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Air barriers

How?

• Cold      
climate

Attic Knee Wall Knee Wall Solution

Blocking

Wind baffle

Permeable material
to prevent wind 
washing
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Alternate—Slopes

Wind baffle
Air barrier

Foam board or other rigid blocking
between joists, sealed on all four sides

2.6 Wall Adjoining Porch Roof2.6 Wall Adjoining Porch Roof

• “Air barrier is installed at the intersection 
of the porch roof and exterior wall”

Images courtesy of Energy Services Group

© Kevin Kennefick 2001 © Kevin Kennefick 2001
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R602.8 Fireblocking required. Fireblocking shall be 
provided to cut off all concealed draft openings (both 
vertical and horizontal) and to form an effective fire 
barrier between stories, and between a top story and the 
roof space.

R1001.16 Chimney fireblocking. All spaces between 
chimneys and floors and ceilings through which 
chimneys pass shall be fireblocked with noncombustible 
material securely fastened in place. 
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Roof Moisture Control

Conventional Strategies:
Ventilate roof 

– Ridge, soffit
– “Propa-vents”

Vapor barrier
– Polyethylene
– Kraft faced batts

Moisture control in roof spaces

Vent it when you can—it’s a good idea
Much more important:

– Continuous insulation well installed
– Continuous air barrier

Venting loses effectiveness when there’s good 
insulation and air barrier

Also, interior humidity control helps (cold climates)

Cellulose is NOT risk-free:
• 65% moisture content near ridge 
• 2 summer months after dry-blown
• vapor permeably netting
• we don’t understand this yet

Strategies to reduce roof moisture risk
Seal air leaks

– Manually or w/ cavity foam insulation
Reduce vapor drive from interior

– Mechanical ventilation in building / moisture control
– Class III vapor retarder (Zones 4-5) = latex paint
– Class  II VR (Zone 6-7) = kraft facing, VR paint, 1” XPS

Keep sheathing warm with rigid foam
– Expensive on roof

Limit vapor drive and air flow by spraying foam
– Low density foam needs vapor control in some climates
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Insulated Insulated 
sloped sloped 
ceilings:ceilings:
Air barrier Air barrier 
required except required except 
if closed cell if closed cell 
spray foamspray foam

2004 IRC Supplement

http://www.buildingscience.com

“Technical 
Resources”

“Building 
Science 
Information 
Resources”

“Roofs”

The following detail drawings are from:
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