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LARGE BUILDING 
AIR TIGHTNESS 

TESTING

Challenges and Opportunities

•  Method of calculating and  / or measuring of air leakage in and out of a building 
under controlled conditions. 

•  Similar to the testing we have done for years for various OBC part 9 residential 
building efficiency programs

WHAT IS LARGE BUILDING AIR 
TIGHTNESS TESTING
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RESIDENTIAL HIGH RISE

Individual suite testing  - Required for “odour” control
Whole building testing  - Energy and pressure management

SCHOOLS / GOVERNMENT

New or Retrofit publicly funded buildings can require air 
tightness testing for quality control and HVAC sizing.
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COMMERCIAL AND INDUSTRIAL

Air tight owner occupied buildings can reduce the HVAC 
size, improve comfort, and save annual energy costs.

WHY AIR TEST ?
“Air leakage into and out of buildings affects building durability, occupant 
thermal and acoustical comfort, indoor air quality, and energy consumption.
 In response to increasing societal concern regarding these building 
performance characteristics, and in particular energy consumption, improving 
building enclosure airtightness to reduce air leakage is receiving increased 
attention. 
In various North American jurisdictions and worldwide, this has led to a shift 
in the way the industry designs, specifies, builds, and measures airtightness”

Lorne	Ricketts,	MASc,	PEng
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ENERGY CONSUMPTION

16% OF OFFICE BUILDINGS AND 24% 
OF MULTI – UNIT RESIDENTIAL 
BUILDINGS ENERGY USAGE IS 
ATTRIBUTED TO AIR LEAKAGE

https://buildingsciencelabs.com/research-testing/case-studies/energy-consumption-of-multi-unit-residential-buildings/	

Air leakage used for HVAC 
design 2.2 L/s at 75Pa

ENERGY CONSUMPTION / RDH CASE STUDY
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DURABILITY

AIR LEAKAGE CAUSES 90X MORE MOISTURE IN WALL 
STRUCTURES THAN DIFFUSION. THIS CAN LEAD TO STRUCTURAL 
DAMAGE

OCCUPANT THERMAL AND ACOUSTICAL COMFORT
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AIR AND PRESSURE CHALLENGES

Wind	pressures	–	up	to	300	Pa.	

Stack	pressures	–	up	to	120	Pa.	

Mechanical	pressures	+/-	75	Pa.	

Impact	on:	

	Energy	costs	

	Air	conditioning	effectiveness	

	Water	intrusion	

STACK PRESSURES

On	design	day	in	Ontario		
=	4-5	Pa	per	story	
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INDOOR AIR QUALITY

STOPPING AIR LEAKAGE:  
AIR BARRIERS 
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DEFINITION OF AN AIR BARRIER ASSEMBLY

Combinations of air barrier materials and 
air barrier accessories that are designated 
and designed within the environmental 
separator to act as a continuous barrier to 
the movement of air 	

AIR BARRIERS IN THE ONTARIO BUILDING CODE

Part	9	–		9.25.3	Air	Barrier	Systems	
9.25.3.1(1)	Thermally	insulated	wall,	ceiling	and	
floor	assemblies	shall	be	constructed	so	as	to	
include	an	air	barrier	system	that	will	provide	a	
continuous	barrier	to	air	leakage.		

	
Part	3	–	5.4.1	Air	Barrier	Systems	

Summary	-	an	air	barrier	system	shall	be	installed	
to	provide	the	principal	resistance	to	air	leakage,	
except	where	it	can	be	shown	that	uncontrolled	
air	leakage	will	not	adversely	effect	the	health	
and	safety	of	the	building	users,	the	intended	use	
of	the	building,	or	the	operation	of	building	
services.		
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AIR BARRIERS IN THE NATIONAL BUILDING CODE

Division	B	Part	5	–		5.4.1	Air	Barrier	Systems	
5.4.1.1(1)	Where	a	building	component	or	assembly	
separates	interior	conditioned	space	from	exterior	
space,	interior	space	from	the	ground,	or	
environmentally	dissimilar	interior	spaces,	the	properties	
and	position	of	the	materials	and	components	in	those	
components	or	assemblies	shall	be	such	that	they	
control	air	leakage	or	permit	venting	to	the	exterior	as	to		
A)  Provide	acceptable	conditions	for	the	building	

occupants,		
B)  Maintain	appropriate	conditions	for	the	intended	use	

of	the	building,	
C)  Minimize	the	accumulation	of	condensation	in	and	

the	penetration	of	precipitation	into	the	building	
component	or	assembly….		

	
5.4.1.1(3)	an	air	barrier	system	shall	be	installed	to	
provide	the	principal	resistance	to	air	leakage.		
		

CHANGING STANDARDS

18 ANSI/ASHRAE/IESNA Standard 90.1-2007 (I-P Edition)

5.3 Simplified Building (Not Used)

5.4 Mandatory Provisions
5.4.1 Insulation. Where insulation is required in Section

5.5 or 5.6, it shall comply with the requirements found in Sec-
tions 5.8.1.1 through 5.8.1.9. 

5.4.2 Fenestration and Doors. Procedures for determin-
ing fenestration and door performance are described in Sec-
tion 5.8.2. Product samples used for determining fenestration
performance shall be production line units or representative of
units purchased by the consumer or contractor. 

5.4.3 Air Leakage 
5.4.3.1 Building Envelope Sealing. The following

areas of the building envelope shall be sealed, caulked, gas-
keted, or weather-stripped to minimize air leakage: 

a. joints around fenestration and door frames
b. junctions between walls and foundations, between walls

at building corners, between walls and structural floors or
roofs, and between walls and roof or wall panels

c. openings at penetrations of utility services through roofs,
walls, and floors 

d. site-built fenestration and doors
e. building assemblies used as ducts or plenums
f. joints, seams, and penetrations of vapor retarders
g. all other openings in the building envelope 

5.4.3.2 Fenestration and Doors. Air leakage for fenes-
tration and doors shall be determined in accordance with
NFRC 400. Air leakage shall be determined by a laboratory
accredited by a nationally recognized accreditation organiza-
tion, such as the National Fenestration Rating Council, and
shall be labeled and certified by the manufacturer. Air leak-
age shall not exceed 1.0 cfm/ft2 for glazed swinging entrance
doors and for revolving doors and 0.4 cfm/ft2 for all other
products. 

Exceptions:

a. Field-fabricated fenestration and doors. 
b. For garage doors, air leakage determined by test at

standard test conditions in accordance with ANSI/
DASMA 105 shall be an acceptable alternate for
compliance with air leakage requirements. 

5.4.3.3 Loading Dock Weatherseals. In climate zones
4 through 8, cargo doors and loading dock doors shall be
equipped with weatherseals to restrict infiltration when vehi-
cles are parked in the doorway. 

5.4.3.4 Vestibules. Building entrances that separate
conditioned space from the exterior shall be protected with an
enclosed vestibule, with all doors opening into and out of the
vestibule equipped with self-closing devices. Vestibules shall
be designed so that in passing through the vestibule it is not
necessary for the interior and exterior doors to open at the
same time. Interior and exterior doors shall have a minimum
distance between them of not less than 7 ft when in the closed
position.The exterior envelope of conditioned vestibules shall
comply with the requirements for a conditioned space. The

interior and exterior envelope of unconditioned vestibules
shall comply with the requirements for a semiheated space.

Exceptions:

a. Building entrances with revolving doors.
b. Doors not intended to be used as a building entrance.
c. Doors opening directly from a dwelling unit.
d. Building entrances in buildings located in climate

zone 1 or 2.
e. Building entrances in buildings located in climate

zone 3 or 4 that are less than four stories above grade
and less than 10,000 ft2 in area.

f. Building entrances in buildings located in climate
zone 5, 6, 7, or 8 that are less than 1000 ft2 in area.

g. Doors that open directly from a space that is less
than 3000 ft2 in area and is separate from the build-
ing entrance.

5.5 Prescriptive Building Envelope Option
5.5.1 For a conditioned space, the exterior building enve-

lope shall comply with either the “nonresidential” or “resi-
dential” requirements in Tables 5.5-1 through 5.5-8 for the
appropriate climate. 

5.5.2 If a building contains any semiheated space or
unconditioned space, then the semi-exterior building enve-
lope shall comply with the requirements for semiheated space
in Tables 5.5-1 through 5.5-8 for the appropriate climate. (See
Figure 5.5.)  

5.5.3 Opaque Areas. For all opaque surfaces except
doors, compliance shall be demonstrated by one of the follow-
ing two methods:

1. Minimum rated R-values of insulation for the thermal resis-
tance of the added insulation in framing cavities and contin-
uous insulation only. Specifications listed in Normative
Appendix A for each class of construction shall be used to
determine compliance.

2. Maximum U-factor, C-factor, or F-factor for the entire
assembly. The values for typical construction assemblies
listed in Normative Appendix A shall be used to determine
compliance.       

Figure 5.5 Exterior and semi-exterior building envelope.

             © American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). For personal use only. 
Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.
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CHANGING STANDARDS

24 ANSI/ASHRAE/IES Standard 90.1-2010 (I-P Edition)

5.2.2 Projects using the Energy Cost Budget Method
(Section 11 of this standard) must comply with Section 5.4,
the mandatory provisions of this section, as a portion of that
compliance path.

5.3 Simplified Building (Not Used)

5.4 Mandatory Provisions
5.4.1 Insulation.Where insulation is required in Section
5.5 or 5.6, it shall comply with the requirements found in Sec-
tions 5.8.1.1 through 5.8.1.9.
5.4.2 Fenestration and Doors. Procedures for determin-
ing fenestration and door performance are described in Sec-
tion 5.8.2. Product samples used for determining fenestration
performance shall be production line units or representative of
units purchased by the consumer or contractor.
5.4.3 Air Leakage
5.4.3.1 Continuous Air Barrier. The entire building

envelope shall be designed and constructed with a continuous
air barrier.
Exceptions to 5.4.3.1:

a. Semiheated spaces in climate zones 1 thru 6.
b. Single wythe concrete masonry buildings in climate

zone 2B

5.4.3.1.1 Air Barrier Design. The air barrier shall be
designed and noted in the following manner:

a. All air barrier components of each building envelope
assembly shall be clearly identified or otherwise noted on
construction documents.

b. The joints, interconnections, and penetrations of the air
barrier components including lighting fixtures shall be
detailed or otherwise noted.

c. The continuous air barrier shall extend over all surfaces
of the building envelope (at the lowest floor, exterior
walls, and ceiling or roof).

d. The continuous air barrier shall be designed to resist pos-
itive and negative pressures from wind, stack effect, and
mechanical ventilation.

5.4.3.1.2 Air Barrier Installation The following
areas of the continuous air barrier in the building envelope
shall be wrapped, sealed, caulked, gasketed, or taped in an
approved manner to minimize air leakage:

a. Joints around fenestration and door frames (both manu-
factured and site-built).

b. Junctions between walls and floors, between walls at
building corners, between walls and roofs or ceilings.

c. Penetrations through the air barrier in building envelope
roofs, walls, and floors.

d. Building assemblies used as ducts or plenums.
e. Joints, seams, connections between planes, and other

changes in air barrier materials.

5.4.3.1.3 Acceptable Materials and Assemblies.
Continuous air barrier materials and assemblies for the

opaque building envelope shall comply with one of the fol-
lowing requirements:

a. Materials that have an air permeance not exceeding 0.004
cfm/ft2 under a pressure differential of 0.3 in. w.g. (1.57 psf)
when tested in accordance withASTM E 2178. The follow-
ing materials meet the requirements of 5.4.3.1.3 a:

1. Plywood—minimum 3/8 in.
2. Oriented strand board—minimum 3/8 in.
3. Extruded polystyrene insulation board—minimum

1/2 in.
4. Foil-faced urethane insulation board—minimum 1/

2 in.
5. Exterior gypsum sheathing or interior gypsum

board—minimum 1/2 in.
6. Cement board—minimum 1/2 in.
7. Built up roofing membrane
8. Modified bituminous roofmembrane
9. Fully adhered single-ply roofmembrane
10. APortland cement/sandparge, stucco, or gypsumplas-

ter—minimum 1/2 in. thick
11. Cast-in-place and precast concrete.
12. Sheet metal.
13. Closed cell 2 lb/ft3 nominal density spraypolyurethane

foam—minimum 1 in.

b. Assemblies of materials and components (sealants, tapes,
etc.) that have an average air leakage not to exceed 0.04
cfm/ft2 under a pressure differential of 0.3 in. w.g. (1.57 psf)
when tested in accordance with ASTM E 2357 ASTM E
1677, ASTM E 1680 or ASTM E283; The following
assemblies meet the requirements of 5.4.3.1.3 b.

1. Concrete masonry walls that are:

i. Fully grouted, or
ii. Painted to fill the pores.

5.4.3.2 Fenestration and Doors.Air leakage for fenes-
tration and doors shall be determined in accordance with
AAMA/WDMA/CSA 101/I.S.2/A440, NFRC 400, or ASTM
E283 as specified below. Air leakage shall be determined by
a laboratory accredited by a nationally recognized accredita-
tion organization, such as the National Fenestration Rating
Council, and shall be labeled and certified by the manufac-
turer. Air leakage shall not exceed:

a. 1.0 cfm/ft2 for glazed swinging entrance doors and
revolving doors, tested at a pressure of at least 1.57
pounds per square foot (psf) in accordance with AAMA/
WDMA/CSA 101/I.S.2/A440, NFRC 400, or ASTM
E283.

b. 0.06 cfm/ft2 for curtainwall and storefront glazing, tested
at a pressure of at least 1.57 pounds per square foot (psf)
or higher in accordance with NFRC 400 or ASTM E283.

c. 0.3 cfm/ft2 for unit skylights having condensation
weepage openings, when tested at a pressure of at
least 1.57 pounds per square foot (psf) in accordance
with AAMA/WDMA/CSA 101/I.S.2/A440 or NFRC
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24 ANSI/ASHRAE/IES Standard 90.1-2010 (I-P Edition)

5.2.2 Projects using the Energy Cost Budget Method
(Section 11 of this standard) must comply with Section 5.4,
the mandatory provisions of this section, as a portion of that
compliance path.

5.3 Simplified Building (Not Used)

5.4 Mandatory Provisions
5.4.1 Insulation.Where insulation is required in Section
5.5 or 5.6, it shall comply with the requirements found in Sec-
tions 5.8.1.1 through 5.8.1.9.
5.4.2 Fenestration and Doors. Procedures for determin-
ing fenestration and door performance are described in Sec-
tion 5.8.2. Product samples used for determining fenestration
performance shall be production line units or representative of
units purchased by the consumer or contractor.
5.4.3 Air Leakage
5.4.3.1 Continuous Air Barrier. The entire building

envelope shall be designed and constructed with a continuous
air barrier.
Exceptions to 5.4.3.1:

a. Semiheated spaces in climate zones 1 thru 6.
b. Single wythe concrete masonry buildings in climate

zone 2B

5.4.3.1.1 Air Barrier Design. The air barrier shall be
designed and noted in the following manner:

a. All air barrier components of each building envelope
assembly shall be clearly identified or otherwise noted on
construction documents.

b. The joints, interconnections, and penetrations of the air
barrier components including lighting fixtures shall be
detailed or otherwise noted.

c. The continuous air barrier shall extend over all surfaces
of the building envelope (at the lowest floor, exterior
walls, and ceiling or roof).

d. The continuous air barrier shall be designed to resist pos-
itive and negative pressures from wind, stack effect, and
mechanical ventilation.

5.4.3.1.2 Air Barrier Installation The following
areas of the continuous air barrier in the building envelope
shall be wrapped, sealed, caulked, gasketed, or taped in an
approved manner to minimize air leakage:

a. Joints around fenestration and door frames (both manu-
factured and site-built).

b. Junctions between walls and floors, between walls at
building corners, between walls and roofs or ceilings.

c. Penetrations through the air barrier in building envelope
roofs, walls, and floors.

d. Building assemblies used as ducts or plenums.
e. Joints, seams, connections between planes, and other

changes in air barrier materials.

5.4.3.1.3 Acceptable Materials and Assemblies.
Continuous air barrier materials and assemblies for the

opaque building envelope shall comply with one of the fol-
lowing requirements:

a. Materials that have an air permeance not exceeding 0.004
cfm/ft2 under a pressure differential of 0.3 in. w.g. (1.57 psf)
when tested in accordance withASTM E 2178. The follow-
ing materials meet the requirements of 5.4.3.1.3 a:

1. Plywood—minimum 3/8 in.
2. Oriented strand board—minimum 3/8 in.
3. Extruded polystyrene insulation board—minimum

1/2 in.
4. Foil-faced urethane insulation board—minimum 1/

2 in.
5. Exterior gypsum sheathing or interior gypsum

board—minimum 1/2 in.
6. Cement board—minimum 1/2 in.
7. Built up roofing membrane
8. Modified bituminous roofmembrane
9. Fully adhered single-ply roofmembrane
10. APortland cement/sandparge, stucco, or gypsumplas-

ter—minimum 1/2 in. thick
11. Cast-in-place and precast concrete.
12. Sheet metal.
13. Closed cell 2 lb/ft3 nominal density spraypolyurethane

foam—minimum 1 in.

b. Assemblies of materials and components (sealants, tapes,
etc.) that have an average air leakage not to exceed 0.04
cfm/ft2 under a pressure differential of 0.3 in. w.g. (1.57 psf)
when tested in accordance with ASTM E 2357 ASTM E
1677, ASTM E 1680 or ASTM E283; The following
assemblies meet the requirements of 5.4.3.1.3 b.

1. Concrete masonry walls that are:

i. Fully grouted, or
ii. Painted to fill the pores.

5.4.3.2 Fenestration and Doors.Air leakage for fenes-
tration and doors shall be determined in accordance with
AAMA/WDMA/CSA 101/I.S.2/A440, NFRC 400, or ASTM
E283 as specified below. Air leakage shall be determined by
a laboratory accredited by a nationally recognized accredita-
tion organization, such as the National Fenestration Rating
Council, and shall be labeled and certified by the manufac-
turer. Air leakage shall not exceed:

a. 1.0 cfm/ft2 for glazed swinging entrance doors and
revolving doors, tested at a pressure of at least 1.57
pounds per square foot (psf) in accordance with AAMA/
WDMA/CSA 101/I.S.2/A440, NFRC 400, or ASTM
E283.

b. 0.06 cfm/ft2 for curtainwall and storefront glazing, tested
at a pressure of at least 1.57 pounds per square foot (psf)
or higher in accordance with NFRC 400 or ASTM E283.

c. 0.3 cfm/ft2 for unit skylights having condensation
weepage openings, when tested at a pressure of at
least 1.57 pounds per square foot (psf) in accordance
with AAMA/WDMA/CSA 101/I.S.2/A440 or NFRC
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AIR TIGHTNESS METRICS

Flow	rate	to	surface	area	metric	at	75	Pa	
	Materials:	<	0.02	l/s/m2	or	0.004	cfm/ft2	@75	Pa	(ASTM	E	2178)		

	Assemblies:	<	0.4	l/s/m2	or	0.04	cfm/ft2	@75	Pa	(ASTM	E	2357	or	E	1677)	

	Whole	Buildings:	0.4	l/s/m2		or	cfm/ft2	@75	Pa	–	no	limit	at	this	time		
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AIR BARRIERS - INDUSTRY ASSOCIATIONS

AIR TIGHTNESS TESTING

Tests can be done as one zone, multiple guarded 
zones, or individual suite testing.
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AIR TIGHTNESS TESTING

Building Knowledge has the equipment to test up to 
70,000 cfm.  
Or 100,000 sq ft @ 4 l/s / m2  @ 75pa a zone. 

STANDARDS FOR AIR TIGHTNESS TESTING
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PROGRAMS / STANDARDS SPECIFYING AIR TIGHTNESS 
TESTING AND TARGETS

JURISDICTIONS REQUIRING AIR TIGHTNESS TESTING

Washington	State	
buildings	over	5	stories	
2.03	l/s/m2	@	75	pa	
	

City	of	Fort	Collins	Colorado	–	
commercial	buildings	testing	
required	1.25	l/s/m2	@	75pa	
	

US	military	–	all	new	buildings	
1.27	l/s	/	m2	@	75	pa	
	
US	General	Services	
Administration	PNS-P100	all	new	
buildings	2.0	l/s	/	m2	@	75	pa	
	
	

British	Columbia	–	Air	test	
required	for	mandatory	
Energy	Modeling	
	

Plan	2022	–	all	new	
buildings	to	be	air	tested.		
	

2023	all	buildings	to	be	
tested	and	pass	target	TBD	
	

United	Kingdom	:	Buildings	
>500	M	sq		-	2.8	/ls	/	m2	
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COUNTRIES REQUIRING SOME AIR TIGHTNESS 
TESTING

Austria,	Belgium,	Czech	Republic,	Denmark,	Estonia,	Finland,	France,	Germany,	India,	
Japan,	Lithuania,	Latvia,	Norway,	Qatar,	Slovenia,	Scotland,	Slovakia,	Abu	Dhabi	
	

BUILDING KNOWLEDGE TESTING

Examples of buildings tested by our office 
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SIFTON CENTER AIR TEST

AIR TIGHTNESS METRICS
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SIFTON CENTER AIR TEST

Sifton Center:  
 
Air Test Results: 
  

Specific Leakage Rate (Envelope) @ -75 Pa:       0.39 l/s/m2 
  

Specific Leakage Rate (Envelope) @ +75 Pa:      0.49 l/s/m2 
  

Average Specific Leakage Rate @ +75 Pa:          0.44 l/s/m2 	

RON JOYCE CENTER  AIR TEST
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RON JOYCE CENTER AIR TEST

Ron Joyce Center:  
 
Air test to the ISO 9972 standard: 
 

Specific Leakage Rate (Envelope) @ -75 Pa:      0.54 l/s/m2 
 

Specific Leakage Rate (Envelope) @ +75 Pa       0.55 l/s/m2 
 

Average Specific Leakage Rate             0.545 l/s/m2 

CANADIAN STUDY’S AND REPORT’S AVAILABLE
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STATE OF TESTING AND RESEARCH – LARGE BUILDING 
AIR TIGHTNESS TESTING

•  Energy	Conservatory:	Blower	Door	Applications	Guide:	Beyond	Single	
Family	Residential	–	v.1.0	2014.04.01	

•  Building	Science	Digest	014:	Air	Flow	Control	in	Buildings	–	John	Straube	
2007.10.15	

•  Canadian	Building	Digest	23:	Air	Leakage	in	Buildings	–	Wilson,	A.G.	
1963.12.xx	

•  CMHC:	Controlling	Stack	Pressure	in	High-Rise	Buildings	by	
Compartmenting	the	Building	–	1996.03.xx	

•  Canadian	Building	Digest	72:	Control	of	Air	Leakage	is	Important	–	
Garden,	G.K.,	1965	

•  Building	Science	Digest	040:	Airtightness	Testing	in	Large	Buildings	–	
John	Straube	2014.03.18	

•  14th	Canadian	Conference	on	Building	Science	and	Technology	–	
2014.10.28-30	

•  Papers	for	presentations	below	are	available	on	OBEC	website	
members	area	

•  Building	America	Report:	Field	Testing	of	Compartmentalization	
Methods	for	Multifamily	Construction	–	2015.03	


