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Learning Objectives

1. Understand the two different approaches when renovating Commercial/Institutional 

buildings: qualitative or quantitative.

2. To learn the basic principles of the default plane of airtightness.

3. Understand the assessment process of the airtightness of the building enclosure.

4. Learn the testing methods and standards used during the renovations.
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Prior to the 1990’s, most buildings did not include an air barrier 

membrane as we understand it today. This presentation will 

address how to determine the upgrade of the air 

barrier/airtightness of a Commercial/Institutional building under 

renovation
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Commercial/Institutional buildings increasing market for deep retrofits

The Drivers

• To Reduce Energy Costs and Associated Fuel Consumption / Green 

House Gas Emissions  

• Repurposing, Change of Occupancy Use 

• Change in Aesthetics   

• Additions



Addressing the Air Barriers When Renovating 
Commercial/Institutional Buildings

Two Different Approaches for Retro-fits Utilizing both Invasive and Non-Invasive Investigation  

Canadian Standard CSA Z5001  Existing building commissioning for energy using systems 

• Quantified measurements of pre-retrofit conditions to help establish reasonable reductions in 

air leakage and increased thermal performance and post-construction testing for confirmation

• Qualitative In-situ performance test for thermal insulation continuity and identification of 

thermal bridges; and in-situ performance test for measuring the performance of airtightness of 

the building envelope systems and locating of discontinuities. Positive and negative 

pressurization tests might be needed to locate leakage paths.

Local Utilities, Government Agencies may have incentives for the reduction in air leakage 

requiring before and after renovations testing. Usually reported as Air Changes per Hour or 

reduction of leakage area.  
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Similarly for the IECC: 
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Qualitative Non-Invasive Testing Methods
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Quantified Test Methods:
• ASTM E779 - Standard Test Methods for Determining Airtightness of Buildings Using an Orifice 

Blower Door
• ASTM E1827 - Standard Test Methods for Determining Airtightness of Buildings Using an Orifice 

Blower Door
• ASTM E3158 - Standard Test Method for Measuring the Air Leakage Rate of a Large or Multizone 

Building
• Army Corps of Engineers (USACE) Air Leakage Test Protocol for Building Envelopes
• National Environmental Balancing Bureau (NEBB) Procedural Standards for Building Enclosure 

Testing
• ABAA T0001-2016 - Standard Test Method for Building Enclosure Airtightness Compliance Testing

https://compass.astm.org/document/?contentcode=ASTM%7CE1827-11R17%7Cen-US
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Understanding the Different Types of Air Leaks and the Associated 
Problems

Orifice:    High Energy, usually is not Damaging to the Building 

Channel: Moderate Energy Concerns, High Risk of Damage to the Building

Diffuse: Low Energy Concerns, High Risk of Damage to the Building

Flow within the Building: Low Energy Concerns, Risk of Damage to the Building
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Types of Leaks
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Diffuse

Types of Leaks

Addressing the Air Barriers When Renovating 
Commercial/Institutional Buildings



Types of Leaks

Flow Leak
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So, What Do I Have?
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If we are lucky, 
drawings may be 
available and 
better still you can 
read them  
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Nothing on the Inside Approach

The "nothing on the inside" 

approach can be defined as having 

no insulation, no air barrier, and no 

vapor barrier, on the inside of 

masonry walls; the masonry is 

either exposed or covered by an 

interior finish on a stud wall or 

furring strips. 
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Nothing on the Inside Approach

Exterior masonry walls with no insulation have stood for 50 to 100 years. 

50 to 100 years ago, exterior walls were exposed to indoor climates 

different from today’s.

Building Enclosures were not subjected to +45% indoor relative humidity, 

and most operated under negative pressure (with combustion 

equipment), drawing in large amounts of cold, dry air through the 

enclosure. Energy conservation was not an issue, and occupants' 

comfort was not as critical. 
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Mutable Layers 

What can we designate as an air barrier by default

Where is the possibility of flanking air movement

Air Leakage across joints and junctions 

What kind of leak and how do we identify the path

Can we quantify the amount of air leakage
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Where is the Plane of Airtightness
OR

Resistance to Air Flow across the Whole Wall 
Assembly

Interior Drywall/Plaster is by passed Convector 
Grills and above the Ceiling
Insulation 1” Cork Board 
Adhesive
Concrete Masonry Units 
Limestone Cladding
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Air Leaks at Joints and Junctions

Wall to Floor 
Wall To 700 Windows
Above Ceiling to Floor
Exterior Wall to Columns 
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Warning

Mass masonry walls can hold substantial amounts of water. 

They dry by absorbing, storing, and later releasing the 

moisture to both the exterior and interior of the building 

enclosure. The use of spray foam will both increase drying 

time by limiting drying to only the exterior as well as reduce the 

thermal drive from the interior. This may result in increased 

freeze thaw cycling of the masonry.
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Common Test Methods:
• ASTM E783 - Standard Test Method for Field Measurement of Air Leakage Through Installed 

Exterior Windows and Doors
• ASTM E779 - Standard Test Methods for Determining Airtightness of Buildings Using an Orifice 

Blower Door
• ASTM E3158 - Standard Test Method for Measuring the Air Leakage Rate of a Large or Multizone 

Building
• ASTM E1186 - Standard Practices for Air Leakage Site Detection in Building Envelopes and Air 

Barrier Systems

https://compass.astm.org/document/?contentcode=ASTM%7CE1827-11R17%7Cen-US
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Both Test Standards Quantify the Airtightness of the Building/s

Should not be used to test an Air Barrier as a stand along component within the 

building.

ASTM E 3158  APPENDIX

X1.12 Location of Air Leaks:

X1.12.1 Compliance with a specified air leakage rate does not imply that all 

problematic leaks have been sealed. Air leaks might be important to address even in 

envelopes which are determined to meet specified air leakage rate. While this test 

determines the airtightness of an envelope, it does not identify the location of leakage 

sites. If air leakage sites are to be identified, refer to Practice E1186. The location of 

leaks, in addition to their cumulative leakage area, is also an important determinant of 

leakage under normal operating conditions.
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Summary of Practices

4.1 This standard presents the following seven practices for

detecting air leakage sites in building envelopes:

4.1.1 Combined building depressurization (or pressurization)

and infrared scanning,

4.1.2 Building depressurization (or pressurization) and

smoke tracers or theatrical fog,

4.1.3 Building depressurization (or pressurization) and airflow

measuring devices,

4.1.4 Generated sound and sound detection,

4.1.5 Tracer gas detection,

4.1.6 Chamber depressurization (or pressurization) and

smoke tracers or theatrical fog, and

4.1.7 Chamber depressurization and leak detection liquids
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Summary of Practices

4.1 This standard presents the following seven practices for

detecting air leakage sites in building envelopes:

Most Used in Diagnostics in Older Buildings

4.1.1 Combined building depressurization (or pressurization)

and infrared scanning

4.1.2 Building depressurization (or pressurization) and

smoke tracers or theatrical fog,

4.1.3 Building depressurization (or pressurization) and airflow

measuring devices or Anemometers
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4.1.1 Combined building depressurization (or pressurization) and infrared scanning

Identifies Air leakage and Thermal Bridging   Learn to tell the difference 
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4.1.2 Building depressurization (or pressurization) and smoke tracers or theatrical fog,
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4.1.3 Building depressurization (or pressurization) and airflow measuring devices or Anemometers

Both the Use of Hot Wire and Rotating Vane Anemometers

The Area of an Opening and Flow will Provide a Quantified Rate of Air Movement from a Zone in a Building
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