
Introduction

Envelope air leakage can produce a number of undesirable effects
upon building durability, occupant comfort and energy efficiency,
particularly in high-rise buildings in a heating-dominated climate
such as Canada's. 

Despite this, little information has been compiled to characterize the
measured air leakage of large buildings in order to assess the degree to
which buildings could, or must, be improved. While useful
information on air leakage in large buildings does exist, it was not in
an organized format and was not compiled in one publication that
would allow for easy reference and comparison. For this reason,
CMHC initiated this project to locate, document and summarize
existing airtightness data for large buildings and to provide an
overview of the availability of performance specifications, quality
control procedures, test methods and standards. The scope of this
project was restricted to whole-building airtightness data.

Research program

An extensive literature survey from the following sources was
undertaken:

■ Canada Mortgage and Housing Corporation

■ National Research Council of Canada

■ Natural Resources Canada

■ Public Works and Government Services Canada

■ Saskatchewan Research Council

■ National Air Barrier Association

■ American Society of Heating, Refrigeration and Air-
Conditioning Engineers

■ American Society for Testing and Materials

■ National Institute of Standards and Technology

■ Lawrence Berkeley Laboratory

■ Florida State Research Centre

■ Air Infiltration and Ventilation Centre

The literature survey identified approximately 75 references
containing quantitative airtightness data that were used in the study.
From these, airtightness data were identified for 192 individual
buildings, predominantly in Canada and the United States, with
additional data from Great Britain and Sweden. Data from other
countries was also identified but was not useable for a variety of
reasons. 

A common problem encountered in the literature survey was that
researchers used a variety of methods to express their results and to
report other relevant data. For consistency with the method used in
the National Building Code of Canada, and because it is the most
common method used in Canada, in this report airtightness data is
reported using the Normalized Leakage Rate at an indoor-to-outdoor
pressure differential of 75 Pa (NLR75). The Normalized Leakage Rate
at 75 Pa is equal to the total air leakage divided by the total envelope
area, including above-grade and below-grade components. Whenever
data was encountered in an alternate format, corrections were applied
(where possible) to convert it to this format. 
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A classification system was also established to account for the
differences in test procedures used to measure airtightness
characteristics and the methods used to express airtightness data:

■ Type 1 Data: Test performed on whole building; total envelope
area used to calculate NLR75.

■ Type 2 Data: Test performed on whole building; alternate area
used to calculate NLR75.

■ Type 3 Data: Test performed on individual floors or suites;
exterior wall area of floors or suites used to calculate NLR75.

The data was also subdivided by building type:

■ Multi-Unit Residential Buildings (MURBs)

■ Office buildings

■ Schools

■ Commercial buildings

■ Industrial buildings

■ Institutional buildings

Results

Table 1 summarizes the mean NLR75 by building type and data type.

Building Type
(No in Sample)

Mean NLR75 (l/s·m2)

Type 1 Data Type 2 Data Type 3 Data

MURBS
Canada (12)
Canada (3)
Canada (6)

3,19
4,00

3,23

Office Buildings
Canada (8)
U.S. (7)
Great Britain (12)
Great Britain (13)

2,48
5,91
7,55

6,67

Schools
Canada (11)
U.S. (14)

1,48
2,44

Commercial
Canada (8)
U.S. (68)
Canada (10)

1,35
6,18 13,95

Industrial
Great Britain (5)
Great Britain (2)
Sweden (9)

6,95 22,52
1,45

Institutional
Canada (2)

0,86

Table 1 Mean NLR75 by building type and data type



To provide insight into the effect of different building-related
variables upon airtightness, a series of comparisons was carried out
based on building type, wall type, building age, number of storeys,
etc. In most cases, these comparisons were performed using only the
Type 1 Data, since it allowed the most unambiguous comparisons.
The following conclusions were drawn:

■ There is little correlation between airtightness and building
type.

■ The three leakiest wall types were: frame (believed to be steel
frame), steel frame/ masonry and steel cladding.

■ The three tightest wall types were: brick veneer steel stud,
curtain walls and wood-frame construction.

■ The mean NLR75 for the leakiest wall type (frame) was over
four times that of the tightest (brick veneer steel stud).

■ There was no correlation between airtightness and building age.

■ The year of construction had no significant influence on
airtightness.

■ There appears to be a trend toward lower air leakage rates for
taller buildings; however, the sample size for multi-storey
buildings was limited so a firm conclusion could not be drawn.

■ The Canadian buildings had the lowest mean NLR75 value,
along with the smallest standard deviation.

■ The U.S. structures, which were predominantly commercial
buildings in Florida, were roughly three times as leaky as those
in Canada and they had a very large standard deviation.

■ The British buildings were slightly more leaky on average than
the American buildings, although with less variation.

■ Significant variations in airtightness can exist over the envelope
of a given building.

■ The existing MURB stock in Canada far exceeds (30 to 40
times) the upper limit of what is now considered desirable-
established as 0.10 l/s·m2 (for indoor relative humidity levels
between 27% and 55%) in the appendices of the 1995
National Building Code (NBC). 

■ Where air leakage control was deliberately integrated into the
design, construction and commissioning of a building, the air
leakage characteristics were substantially improved. This was
demonstrated in an IDEAS Challenge/C-2000 multi unit
residential building that set, and achieved, a maximum air
leakage rate of 1.0 l/s·m2 @ 75 Pa.

The study identified two main types of airtightness test procedures:
whole-building and building component. The most common method
used in Canada for determining the airtightness of building envelopes

was CGSB 149.10, “Determination of the Airtightness of Building
Envelopes by the Fan Depressurization Method.” While this method
was developed for houses and other small buildings, it is expected that
as large buildings become tighter, this method will also be suited to
large buildings. 

Another standard, CGSB 149.15, “Determination of the Overall
Envelope Airtightness of Office Buildings by the Fan Depressurization
Method Using the Buildings' Air Handling System,” was written
specifically for large buildings. 

Other standards discussed in the report include:

■ ASTM E779, “Determining Air Leakage Rate by Fan
Depressurization.”

■ ASTM E1827, “Determining Airtightness of Buildings Using
an Orifice Blower Door.”

■ ISO 9972, “Thermal Insulation-Determination of Building
Airtightness-Fan Pressurization Method.”

■ ASTM E283, “Determining Rate of Air Leakage Through
Exterior Window, Curtain Walls, and Doors Under Specified
Pressure Difference Across the Specimen.”

■ ASTM E783, “Field Measurement of Air Leakage Through
Installed Exterior Windows and Doors.”

■ ASTM E1186, Air Leakage Site Detection in Building
Envelopes and Air Retarder Systems.”

The report also discusses some of the equipment that is available for
airtightness testing, typical costs for testing, international research
activities, airtightness performance targets, specifications, quality
control and commissioning procedures.

Implications for the housing
industry

The results of the literature survey clearly show that the airtightness of
virtually all large buildings in Canada, and abroad, is significantly
poorer than what is now regarded as appropriate. 

It should be recognized, however, that the technology does exist to
construct large buildings to a high level of airtightness. This was
demonstrated in the IDEAS Challenge/C-2000 building and a few
other commercial buildings where rigorous air-leakage control
programs were put in place as a part of the overall design,
construction and commissioning process. Further, airtightness testing
has an important role to play in improving large building airtightness,
particularly when it is employed during the construction stage, when
remedial action can more easily be taken. 
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The report recommends that the National Building Code of Canada
should be modified to establish clear, quantitative requirements for
airtightness of large buildings, in addition to the existing
recommendations for the airtightness of the opaque portions. Further
investigation should be undertaken to verify how local jurisdictions
implement and verify the airtightness recommendations contained in
the appendices of the 1995 NBC. 

It is also recommended that a national database of large building
airtightness be established and that educational programs be
implemented for the building industry and for building owners and
property managers. The result of all these initiatives should be a
demand for improved airtightness in both new and existing buildings.

Although this information product reflects housing experts’ current knowledge, it is provided for general information purposes only. Any reliance
or action taken based on the information, materials and techniques described are the responsibility of the user. Readers are advised to consult
appropriate professional resources to determine what is safe and suitable in their particular case. Canada Mortgage and Housing Corporation
assumes no responsibility for any consequence arising from use of the information, materials and techniques described.6
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Under Part IX of the National Housing Act, the Government of Canada
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