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AIA CES - COURSE DESCRIPTION

We will explore the air barrier requirements in model building codes and 
standards referenced in the US and Canada, address misconceptions, and 
will work to outline a framework for a path forward to improve these 
documents. Beginning with a brief history of air barriers in model codes 
and standards, we will review the requirements of the 2018 IECC and the 
90.1-2016 as well as changes from their earlier versions. We will then 
briefly explore the differences between whole building test methods and 
their impact on our understanding of in situ performance. 
The presentation will conclude with a discussion of the various modeling 
tools and opportunities to improve the evaluation of the impact of 
airtightness on projected energy savings of projects in design.
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AIA CES - LEARNING OBJECTIVES

Upon completing the course participants will be able to:

1. Describe the various model code and standard requirements for air 
barriers in North America.

2. Describe the various protocols for compliance for materials, 
assemblies, and whole buildings and how these differ between codes.

3. Discuss impacts of airtightness on energy modeling results, including 
the strengths and weaknesses of the results.

4. Discuss the future possibilities for code and standard development for 
air barriers.
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This presentation is protected by US 
and International Copyright laws.  
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AUDIENCE SURVEY

1. Who's in the audience (OAC)?

2. Who has specified or 
participated in a whole 
building airtightness test?

3. …any not required by code?



AIR BARRIER THE LOST CHAPTER: 
UNDERSTANDING AIR BARRIER PERFORMANCE AND EVALUATION

The Building Enclosure

Air Tightness: A Brief History in Code

Whole Building Airtightness Testing

Airtightness impact on Energy Modelling

Opportunities for Improvement
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THE BUILDING ENCLOSURE

AIR BARRIER THE LOST CHAPTER
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THE BUILDING ENCLOSURE

SecurityAestheticsShelter

ServiceabilityDurabilityEnergy & Comfort



THE BUILDING ENCLOSURE
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Complex Simple



THE BUILDING ENCLOSURE

The primary function of the building enclosure is to separate 
environmental conditions – Interior from the exterior OR interior to 
interior – and typically include the following components:

• Roof

• Above-Grade Walls

• Fenestration (Windows, Doors, Louvers)

• Below-Grade Walls

• Slab-on-Grade or Exposed Floor Systems
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THE BUILDING ENCLOSURE
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THE BUILDING ENCLOSURE
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THE BUILDING ENCLOSURE
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Today’s Building Enclosure



THE BUILDING ENCLOSURE
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Control Layers

Building Enclosures are designed to 
control multiple loadings this 
presentation will primarily be 
concerned with the following in 
order of importance: 

1. Water Control Layer

2. Air Control Layer

3. Vapor Control Layer

4. Thermal Control Layer



THE BUILDING ENCLOSURE

Water Control Layer (Priority 1)

The continuous layer (comprised of one of several materials and formed 
into planes to form a three dimensional boundary) that is designed, 
installed, or acts to control the passage of liquid water even after long or 
continuous exposure to moisture. 

• Interconnected with flashings, window and door openings, and other 
penetrations

• Overlap each other shingle fashion or are sealed so that water flow is 
downward and outward.

• Goal is to evacuate water from the assembly and away from the 
building as quickly as reasonably possible.
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THE BUILDING ENCLOSURE

Air Control Layer (Priority 2)

Three-dimensional systems of materials designed, constructed, and/or 
acting to control air flow across a building enclosure, or between a 
conditioned space and an unconditioned space. The pressure boundary of 
the enclosure should, by definition, be coincident with the plane of a 
functional air control layer system.

• Interconnected with flashings, window and door openings, and other 
penetrations

• Continuity is Critical

• Moisture-Laden-Airflow can carry 100 to 300x’s more moisture than 
diffusion over the same time period
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THE BUILDING ENCLOSURE

Vapor Control Layer (Priority 3)

The component or components that are designed and installed in an 
assembly to control the movement of water by vapor diffusion.

• Vapor diffusion is a linear process of moisture transport through a 
material

• “Continuity” of a Vapor Control Layer may be significantly dis-
continuous (10% +) and still perform as a vapor control. 
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THE BUILDING ENCLOSURE

Thermal Control Layer (Priority 4)

The component or components that are designed and installed in an 
assembly to control the transfer of thermal energy (heat). Typically these 
are comprised of insulation products, radiant barriers, or trapped gaps 
filled with air or other gases.

• Interrupted by flashings, window and door openings, and other 
penetrations

• Understand the Impact of Thermal Bridging (see ASHRAE 90.1-
Appendix A)
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THE BUILDING ENCLOSURE

20https://en.wikipedia.org/wiki/Old_Stone_House_(Washington,_D.C.)#/media/File:Old_Stone_House_-_ca._1890.jpg

Historic Building Enclosure

• Simpler building systems

• Fewer layers

• Master tradesmen

• Apprenticeship training

• Lower Expectations?



THE BUILDING ENCLOSURE

21http://www.mgac.com/projects/house-of-sweden/33

Today’s Building Enclosure

• Complex building materials

• Multi-layer construction / 
multiple trades

• Thinner construction

• Limited on-the-job training

• Higher expectations

• Schedule Critical

• Cost Sensitive



THE BUILDING ENCLOSURE

22

Why the Building Enclosure

• Risk/Lost/Delay Mitigation

• Avoid Failure/Lawsuit

• Occupant Comfort/Indoor 

Environmental Quality (IEQ)

• Load Reduction/Energy Efficiency

• Chemical, Biological, Radiological 

(CBR) Security

• Blast Resistance

• Maintenance and Serviceability



AIR CONTROL:
A BRIEF HISTORY IN CODE
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CONTINUOUS AIR BARRIER: A BRIEF HISTORY IN MODEL CODE

1985 National Building Code of Canada requires air barriers

• Late 1980’s research and seminal papers + industry education

• Focus on Durability and Comfort Concerns

2000 England required whole building air leakage testing

2001 Massachusetts Energy Code

• Air barrier requirements and compartmentalization

• Research and education campaign 

2001 ABAA Formed for regulation and education

2005 NIST Air Tightness Study for 90.1, incorporated in 2010 edition



CONTINUOUS AIR BARRIER: A BRIEF HISTORY IN MODEL CODE

2009 USACE Air Tightness Protocol

• 0.25 cfm/sqft at 75 Pa

2010 GSA PBS P-100 Requires Whole Building Air Leakage Testing

• 0.40 cfm/sqft @75 Pa

2012 IECC includes Whole Building Air Leakage Testing Option

• 0.40 cfm/sqft @75 Pa

2012 IgCC Requires Whole Building Air Leakage Testing

• 0.25 cfm/sqft at 75 Pa

• BECx Option



CONTINUOUS AIR BARRIER: A BRIEF HISTORY IN MODEL CODE

2012 Washington State Building Code Requires Whole Building Testing

• 0.40 cfm/sqft at 75 Pa

• BECx Option

2015 Seattle Energy Code Requires Whole Building Testing

• 0.30 cfm/sqft at 75 Pa

2015 Utah DFCM HPBS Requires Whole Building Testing

• 0.10 cfm/sqft at 75 Pa

• BECx Required



CONTINUOUS AIR BARRIER: A BRIEF HISTORY IN MODEL CODE

2016 ASHRAE 90.1-2016 Requires Whole Building Air Leakage Testing

• 0.40 cfm/sqft at 75 Pa

• BECx Option (Design Review + On Site Observations)



MATERIALS, ASSEMBLIES, AND 
THE WHOLE BUILDING
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MATERIALS

ASTM E2178

• < 0.004 cfm/ft2 75 Pa

• Material Only

• No detailing or 
transitions

• No impact of weather 
or site conditions



ASSEMBLIES

ASTM E2357*

• < 0.040 cfm/ft2 75 Pa

• Structural loading

• Simulated Window

• Detailing included

• No interface details

• No impact of weather 
or site conditions



ASSEMBLIES



ASSEMBLIES

ASTM E2357 includes 
Structural loading



WHOLE BUILDINGS

ASTM E779

• <0.400 cfm/ft2 75 Pa

• Real Construction

• Detailing included

• Transitions Included

• Actual Construction
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WHOLE BUILDINGS

ASTM E779

• <0.400 cfm/ft2 75 Pa

• Real Construction

• Detailing included

• Transitions Included

• Actual Construction



MATERIALS, ASSEMBLIES, AND THE WHOLE BUILDING

Assemblies

• ASTM E2357+

• 0.04 cfm/ft2 (75 Pa)

Testing of assemblies is essential 
to demonstrate performance of 
designed assembly.

Whole Building

• ASTM E779+

• 0.40 cfm/ft2 (75 Pa)

Only assessment of installed 
performance, including 
materials, assemblies, and 
complete systems.

Materials

• ASTM E2178+

• 0.004 cfm/ft2 (75 Pa)

Testing of air barrier materials is 
necessary but not sufficient to 
obtain performance.



THE BUILDING ENCLOSURE

Air Infiltration Requirements 
cfm/ft2 @ 0.3 in w.g. (75 Pa)

Materials
(ASTM E2178 
or CAN/ULC-

S741)

Assemblies
(ASTM E2357/ 

CAN/ULC-S742, or  
E1677)

Whole Building
(ASTM E779 or 

CAN/CGSB 149.15 )

ASHRAE 90.1 (2016) 0.004 0.04 0.40*

USACE(2008); NAVFAC (2011) 0.004 -- 0.25

Washington State (2010) 0.004 -- 0.40

Seattle (2015) 0.004 -- 0.30

GSA (2010) USAF (2011) 0.004 0.04 0.40

IECC (2012) 0.004 0.04 0.40

IgCC (2012) -- -- 0.25

State of Utah (2015) 0.004 0.04 0.10

*BECx provided as an alternate Compliance path

or AND

AND

or AND 

or 

AND

AND

or 

AND



DESIGN AND INSTALLATION

• Continuous air barrier identified in design

• Continuous on entire enclosure (Thermal envelope/Conditioned space)

• Seal joints and interfaces

• Resist positive and negative wind pressures



MATERIALS, ASSEMBLIES, AND THE WHOLE BUILDING

BECx - MGAC - 09 May 2017 39Credit: Journal of Building Enclosure Design Summer 2011 “Improvement 

of Air Tightness in U.S. Army Buildings” pgs. 11-13



MODEL CODES:
2015 IECC & 90.1-2016

Continuous Air Barriers:

When is Code “Good Enough”?
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2015 IECC



2015 IECC
MATERIALS, ASSEMBLIES, OR WHOLE BUILDING



2015 IECC
DESIGN & INSTALLATION



2015 IECC
MATERIALS, ASSEMBLIES, OR WHOLE BUILDING



2015 IECC
MATERIALS, ASSEMBLIES, OR WHOLE BUILDING



2015 IECC
MATERIALS, ASSEMBLIES, OR WHOLE BUILDING



ASHRAE 90.1 - 2016



ASHRAE 90.1 – 2016
DESIGN & INSTALLATION



ASHRAE 90.1 – 2016
MATERIALS, ASSEMBLIES, OR WHOLE BUILDING

• 5.4.3.1.3(a) = Materials

• 5.4.3.1.3(b) = Assemblies

• 5.4.3.1.3(c) = Whole Building



ASHRAE 90.1 – 2016
VERIFICATION



SUSTAINABILITY GOALS:
2015 IgCC, LEEDv4, & WELL

Continuous Air Barriers:

When is Code “Good Enough”?
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2015 IgCC



2015 IgCC



LEED V4



LEED V4



LEED V4



WELL BUILDING



WELL BUILDING



WELL BUILDING



BECx TO ACHIEVE PERFORMANCE

Continuous Air Barriers:

When is Code “Good Enough”?
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BUILDING ENCLOSURE COMMISSIONING

“If you do the wrong thing right, it’s still wrong? Right? This is the basic 
difference between quality control and quality assurance.”

“Quality Assurance is figuring out what the right thing to do is.”

“Quality Control is executing it.”

- Dr. J. Lstiburek. BSI-039: “Five Things”

https://buildingscience.com/documents/insights/bsi-039-five-things

BECx - MGAC - 09 May 2017 
61



BUILDING ENCLOSURE COMMISSIONING

BECx - MGAC - 09 May 2017 62

Whole Building 

Commissioning

Electrical

Building

Enclosure



BUILDING ENCLOSURE COMMISSIONING

“Building Enclosure Commissioning (BECx) is a 
process that begins with the establishment of the 
Owner’s Project Requirements (OPR) and 
endeavors to ensure that the exterior enclosure 
and those elements intended to provide 
environmental separation within a building or 
structure meet or exceed the expectations of the 
Owner.”

- ASTM E2813-2012

BECx - MGAC - 09 May 2017 63



BUILDING ENCLOSURE COMMISSIONING

BECx - MGAC - 09 May 2017 64

Process

Verifies

Enclosure

Performance

Owner Project 
Requirements

Building 
Operation



WHOLE BUILDING
AIRTIGHTNESS TESTING
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ASTM E779 “ Standard Test Method for Determining Air Leakage Rate 
by Fan Pressurization”

PRODUCT AND SYSTEM PERFORMANCE

 Assembly Based and Quantitative Performance

Building :

Multipoint Regression Method  



67

ASTM E1827 “ Standard Test Method for Determining Airtightness of 
Buildings Using an Orifice Blower Door”

PRODUCT AND SYSTEM PERFORMANCE

 Assembly Based and Quantitative Performance

Building :

• Single Point Method

• Multiple flow measurements near a single pressure

• Two-Point Method

• Multiple flow measurements near two pressures. 



68

USACE Air Leakage Test Protocol for Building Envelopes
• Test procedure/building preparation is more clearly defined than ASTM E779

• Requires positive and negative pressurization sets

• Defines acceptable induced pressure range

• Does not allow data extrapolation (10 data points and must measure at 75 Pa)

• Defines acceptable ranges for correlation coefficient squared, r2, and the pressure 
exponent, n

• Requires diagnostic procedures included in ASTM E1186 (Infrared and smoke tracers) 
to help determine air leakage sites. 

PRODUCT AND SYSTEM PERFORMANCE

Building :

 Assembly Based and Quantitative Performance
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PERFORMANCE STANDARDS

ABAA “Standard Method for Building Enclosure Airtightness 
Compliance Testing”

• Evolution of ASTM E779 and ASTM E1827 due to shortcomings of 
the original standards

• Includes multipoint regression, single point, and two point 
methods.

• Will become a new ASTM standard, phasing out ASTM E779. 

Building :



AIRTIGHTNESS
IN ENERGY MODELING

04
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ENERGY MODELING 

Can mainstream energy modelling software (no CFD) 
adequately represent infiltration ?

• Default ASHRAE weather data (TARP Formulation)

• User input 

• Default values 

• What does Neutral, Poor Construction really mean?

 Infiltration:
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ENERGY MODELING 

Understand how your software works

Understand how Infiltration works! 

• Most design professionals understand the basic 
concepts of infiltration, but fail to truly understand 
how it works in a building

 Infiltration – Input:
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ENERGY MODELING 

Cooling/Heating Leakage rates

• Depending on location/weather data infiltration in 
summer may reduce cooling load and thus be 
excluded from analysis

Infiltration schedules

• Only when HVAC System fans Off?

• Do you have the right system controls to make 
this a valid option?

 Infiltration – Input:
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ENERGY MODELING 

• Applicable Building Performance Standards

• 0.4 CFM/SF @75 Pa

• How does this translate to the model?

Q=C(dP)n

• What is the normal operating pressure?

• Is building pressure directly controlled or 
monitored

 Infiltration – New Buildings:
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ENERGY MODELING 

How does modern building design perform?

• Now that infiltration is more readily 
acknowledged, do we need a round two of the 
analysis performed by Emmerich/Perisly?

If energy modelling practices are updated to reflect a 
prescribed leakage rate, how critical is it to validate 
with performance testing? 

 Infiltration – New buildings:



FUTURE OPPORTUNITIES
IN AIRTIGHTNESS
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PROVIDER: INTERTEK
PROVIDER NUMBER: 404108121
COURSE NUMBER: BCLUNA006-01P

CONTINUOUS AIR BARRIERS:
WHEN IS CODE “GOOD ENOUGH”? 

Pushing the Enclosure

28 September 2017



TAKE AWAYS

1. Not all codes handle air barriers similarly

2. Whole building air leakage testing gaining more traction

3. Materials and Assemblies matter less, though still important

4. BECx is a quality assurance program to assist in achieving high 
performance targets, like air tightness.

5. Whole building requirements are getting more stringent

• 0.40 cmf/sqft @ 75 Pa to 0.30…0.25…0.10…
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Keith P. Nelson, Architect*

BECx Discipline Manager & Senior Project Architect
* Architect in DC, MD, and VA

keith.nelson@intertek.com

804-869-4617

intertek.com/building

THANK YOU!




