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Learning Objectives

1. Review building enclosure design best practices

2. Demonstrate effective methods of controlling air movement through 
assemblies and discuss the impacts on energy performance

3. Discuss common products details used for thermal control, focusing on the 
differences between cavity insulation and continuous insulation

4. Using case studies and project details, demonstrate unique considerations and 
for the five control layers



Control Layers

1. Rainscreen – Sheds the Majority of Water 
2. Drainage Plane – Water Resistive Barrier (WRB), moves water away from 

substrates (flashing, weeps)
3. Air Barrier – Prevent Air Leakage
4. Thermal – Prevent Conductive Energy Loss
5. Vapor Barrier – Prevents Warm Humid Air from reaching a Cold Surface and 

Condensing



Masonry
Brick/CMU/Cast Stone (Anchored Masonry Veneer) 
Thin Brick/Cultured Stone (Adhered Masonry Veneer)

Fiber Cement Panels/Siding
Wood/Synthetic Wood Panels/Siding/Trim
Metal Panels/Trim
High Pressure Laminate Panels
EIFS
Cement Plaster

Rainscreen - Cladding
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Cladding - Masonry



Panels/Siding/Trim – Directly Attached



Panels/Siding/Trim – Sub Framing Attached



EIFS/Cement Plaster
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Design Strategies



Barrier Systems
Water Management by a continuous, impervious surface
Vulnerable to any defects (continuity) in the cladding surface
Relies on sealant at transitions

Drainage Systems
Durable cladding resists bulk water penetration
Continuous backup waterproofing layer (can also function as air barrier)

Rainscreen Systems 
Pressure Equalized
Back Ventilated 

Water Management Design



Mass Masonry

Cast-in-Place concrete

Coating

Architectural Precast Concrete Panels

Barrier Systems

Image credit: Jeffrey D. Kerr, P.E.



Masonry Veneer

Adhered Masonry Veneer

Panels/Siding/Trim

Cement Plaster

Drainage Systems

Image credit: Jeffrey D. Kerr, P.E.



Rainscreen Systems



Barrier Systems



Rainscreen Systems



Discrete Anchor Systems
Masonry Veneer/Siding/EIFS
Limited thermal bridging
Consider fastener penetration through water/air barrier

Ties

Attachment Design



Girt Systems
Panel Systems
Some thermal bridging
Provide improved detailing at penetrations
Combining clips and girts can improve thermal performance

Attachment Design



Adhered Systems
Thin masonry veneer/ Cement Plaster
Difficult to incorporate continuous insulation
Sensitive to installation environmental factors

Attachment Design



Attachment Design



Mass Masonry
Cast-in-Place concrete
Coating
Architectural Precast Concrete Panels

Attachment Design



Continuity of Control Layers

Readability  – clearly communicate the intent

Durability – select materials appropriate for the life of the building

Maintainability – consider frequency and effort of maintenance

Sustainability – consider impact on the environment

Liability – shortcomings in the above can contribute to costly remediation

Detailing the Control Layers
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Detailing the Control Layers



Detailing the Control Layers



Detailing the Control Layers



Condensation Control

• Why does condensation form on the 
outside of a cold drink in the summer?

Dew point!



Detail Moisture Vapor Control Strategy

• First condensing surface must be above dew point 
temperature of ambient air

• Thermally broken windows

• Control indoor humidity conditions, specify:

Proper local ventilation

• Construction moisture!



What is Dew Point?

Psychometric Chart

• Warm air can hold more moisture 
than cold air

• The dew point is reached when the 
air is cooled to the point of saturation 
(100% Relative Humidity)

• When this occurs we call it 
condensation



Cold Weather Condensation

• Can occur when warm moist interior air 
contacts cooler surfaces such as windows

• Condensation forms when the surface 
temperature is below the dew point 
temperature for the interior air



Prevent Condensation

• Raise the temperature of the condensing surfaces 

• Add a vapor retarder to inhibit the moisture from reaching the 
condensing surface

• Lower the interior space relative humidity

• Reduce the interior “moisture loading”



Airflow in Buildings

Infiltration:  air movement into the building

Occurs in areas of negative pressure inside the building

Exfiltration:  air movement out of the building

Occurs in areas of positive pressure inside the building



Air Flow in Buildings
3 Main Driving Forces: 

• Stack effect

• Mechanical effect

• Wind effect



Air Flow in Buildings



Air Sealing Priorities

• Stop the Stack Effect!

• Go after biggest holes first, duh

• Top of the building is usually first priority

• Base of the building is next

• Center of building last, if even necessary



Methods of Heat Transfer

• Heat is a form of energy

• When heat moves from place to place, it is referred to as “Heat Transfer”

• Heat Transfer occurs in three ways:

• Conduction

• Convection

• Radiation



Heat Transfer

Conduction

• Occurs when heat energy moves through a solid or fluid material

• Energy is transferred from one molecule to the next

• Examples of conduction:



Heat Transfer
Conduction



Heat Transfer

Convection

• Convection occurs when heat is carried 
from one place to another

• Convection requires a “fluid medium” 

(i.e. a gas or liquid)



Heat Transfer

Convection

• Convection in homes usually occurs when air in the house moves around 
due to temperature gradients

• Warm air is lighter (i.e. less dense) than cold air

• Cold air falls, warm air rises



Heat Transfer
Convection Loops

• When convection occurs in an enclosed space, the air (or fluid) will 
circulate around the space as it is heated and cooled, this is referred to as 
a convective loop

• Examples of places where convective loops could be found . . .?



Heat Transfer
Radiation

• Heat radiates to cold surfaces.  Must be an air gap between the two 
bodies.

• Examples of places where radiation effects can be found . . . ?



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier



Air Barrier & Thermal Barrier

Common Walls



Air Barrier
Demising Walls



Vapor Control

Control Layer

Structure

Cladding

Air Control Layer

Vapor Control Layer

Thermal Control Layer



Vapor Control

Class I . <0.1 perms e.g. polyethylene sheet, sheet 
metal, or aluminum facing.

Class II. 0.1 - 1.0 perms e.g., faced batts, and some 
vapor control paints.

Class III. 1.0 - 10 perms e.g. latex or enamel paints.



Vapor Retarder Definitions

Permeance [perm]:  the rate that moisture vapor moves through a given construction layer 
for the given thickness

Permeability [perm in]: the rate that moisture vapor moves through a given construction 
material at a standard thickness (1 in or 1 cm)

Permeance = Permeability ÷ Layer Thickness



Vapor Retarder Definitions

Example:
A certain type of SPF has a permeability of 1.2 perm per inch  

A) What is the perm rating of 1.5 inches of SPFA? 
B) What vapor retarder class does this fall under?

Answer:
A) Permeance = permeability ÷ layer thickness 

Permeance = 1.2 perm in/1.5 in = 0.8 perm

Class III:  1.0 < perm <=10 perm
B) Class II: 0.1 < perm <=1.0 perm
Class I:  < =0.1 perm



Vapor Control

Code: CZ 1-3, 4A, 4B: No Interior Vapor Control is required (or recommended) on the 
interior side of framed walls

Wood sheathing and plywood: 10 perms (very permeable) might allow drying to outside 
OSB: 2 perms becomes more of a Vapor Retarder as it gets wet. 



Vapor Control

(2015 IBC): CZ 5-8, Marine 4: Class I or II Vapor 
Retarders SHALL be provided on the interior side of 
frame walls.

UNLESS 
Continuous Insulation meets the required R value . . . 
than a Class III (latex paint) VR is allowed (Class I & II 
should not be allowed!). 



Thermal Barrier & Vapor Control

Average Daily Temperature 
°F

Minimum Recommended Exterior CI R-Value

Dec/Jan/Feb R21 Stud Cavity R15 Stud Cavity

34° R 4 R 3

32° R 5.5 R 4

30° R 7 R 5
Washington, DC ~ CZ 4

28° R 8.5 R 6
Baltimore, MD ~ CZ 4

26° R 10 R 7
Worcester, MA ~ CZ 5

Tinterface= Tindoor-[(Tindoor-Toutdoor) x (Rcavity/Rtotal)]

Ok for some gut check math but Avg. temp is too arbitrary 



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control

This is also achievable with closed cell foam in the cavity (CZ 4, R8-ish)

Image credit: Green Building Advisor



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control
No vapor control required on the interior side of framed walls in CZ 1, 2, 3, 4a, 4b



Thermal Barrier & Vapor Control
Plant hardiness zones are moving North at the rate of 13 miles per decade



Thermal Barrier & Vapor Control

2009 IECC

2018 IECC



Thermal Barrier & Vapor Control

2015 IBC



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control

Photo: Pavel Bendov



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control



Thermal Barrier & Vapor Control

2015 IBC



Thermal Barrier & Vapor Control

Credit: Green Building Advisor



Vapor Control



Vapor Control



Vapor Control



Vapor Control

Credit: PHIUS



Join the conversation - #EEBASummit2019

Save the dates for next year:

Thank you!



Resources

http://www.swinter.com/wp-content/uploads/SWA-MultifamilyAirSealingGuide-Masonry.pdf

http://www.swinter.com/wp-content/uploads/SWA_High-Performance-Walls-Handout.pdf

http://www.swinter.com/wp-content/uploads/SWA-MultifamilyAirSealingGuide-Masonry.pdf
http://www.swinter.com/wp-content/uploads/SWA_High-Performance-Walls-Handout.pdf


Durability & Comfort

•Ductwork thermal losses can range from 10-45%

•Interior ducts locations may impact cost, aesthetics and envelope loads



Durability & Comfort
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Durability & Comfort


