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Strategy for Achieving Low Airtightness

1.

Introduction

Air leakage from both new and existing buildings is a major cause of energy loss and CO 2
emission. With increasingly stringent building regulations demanding for a radical reduction
of building energy use all over Europe, building envelope airtightness performance has
emerged as one of the critical elements of low energy design.
This report discusses building envelope air leakage, effect of air leakage on building
performance and regulatory requirements in Europe. It presents aggregated airtightness data
from physical test results of different types of buildings. It highlights the reasons for poor
airtightness performance and current bad practices along with best practices. The review
informed the development of strategy for achieving low airtightness.

2.

Air leakage

Building air leakage can be defined as the movement of air in and out of a building which is
not purposely planned or intended for exhausting stale air or bringing in fresh air. Air leakage
is driven by a combination of wind, stack effect and mechanical systems and will occur
wherever there is a crack, gap, hole or porosity in the external envelope.

The rate of unplanned envelope air leakage must be kept to minimal to avoid moisture
movement into the cavity and build up of condensation in the insulation, which could
significantly reduce the life span of building envelopes.
2.1

Effects of air leakage

Building envelope air leakage is a good measure of the overall quality of design,
workmanship and construction of a building. Air leakage has four principle effects on the
building performance:




2.2

Significant increases in space conditioning loads (heating and cooling)
Inability to heat or cool a building or zone
Degradation of envelope assemblies due to interstitial condensation and/or air driven
rain penetration
Ingress of outdoor pollutants – dust, noise, etc
Air Leakage regulatory requirement

The Table below collates typical air leakage regulatory requirements in Europe. These
values are likely to be substantially decreased in the future.
The best practice recommends that low levels of air leakage must be combined with the
controlled ventilation strategy (see Part F – UK Ventilation strategy) to maintain a good
working environment within the building.
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Table 1: Envelope Air-tightness- regulatory requirements in Europe

Country

Type

Value

Unit

All building > 500m2

10

m3/h.m2 @ 50Pa

< 500m2 (to avoid test)

15

m3/h.m2 @ 50Pa

3.0

1/h

Passive House

0.6

1/h

Mechanical Ventilated

1.5

1/h

Natural Ventilated

3.0

1/h

1.0

1/h

Offices

1.2

m3/h.m2 @ 4Pa

Commercial

2.5

m3/h.m2 @ 4Pa

UK

Belgium

Germany

Finland

France

2.3

Whole building air leakage tests results

Air leakage tests results have varied significantly over the past 10 years. Aggregated Test
Results collected from a database of a major building airtightness contractor in the UK are
presented in Table 2 below.
Table 2: Aggregated Tests Results1

Buildings

Air Leakage
3

2

(m /h·m @50Pa)

Worst case

Between 25 - 30

Industrial/Commercial sheds

between 4 - 7.5

Office/Retail/School buildings

between 7 – 12

Curtain wall/unitised clad offices/towers

between 3 – 8

Residential Houses

between 4 – 10

Best case

between 1.0 - 1.5

1

Data obtained from Building Sciences Ltd, UK

Table 3 presents equivalent leakage areas (ELA). These values are derived from the building
envelope areas (walls, roof and floor) and envelope air leakage rates. ELA helps to provide a
better appreciation of the building air tightness performance by converting air leakage rate
into equivalent leakage areas. For example, a building of total envelope area of 7500 m2 with
air leakage rate of 15 m3/hr/m2 @50Pa. This air leakage performance equates to 5.71m2
unplanned holes. Therefore, for the building to achieve the current UK 2006 regulatory of 10
m3/hr/m2 @50Pa (ELA = 3.80 m2), a total area of 1.91 m2 holes must be sealed.
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Table 3: Equivalent Envelope Leakage Areas (m2)

Air leakage

5

10

15

20

25

(m3/hr.m2

(m3/hr.m2

(m3/hr.m2

(m3/hr.m2

(m3/hr.m2

@50Pa)

@50Pa)

@50Pa)

@50Pa)

@50Pa)

2000

0.51

1.01

1.52

2.03

2.54

5000

1.27

2.54

3.80

5.07

6.34

7500

1.90

3.80

5.71

7.61

9.51

10000

2.54

5.07

7.61

10.14

12.68

15000

3.80

7.61

11.41

15.21

19.02

20000

5.07

10.14

15.21

20.29

25.36

Envelope
Area (m2)

Figure 1 provides a graphical representation of the data in Table 3. As can be deduced from
the graph, there is a linear relationship between air leakage and equivalent area.
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Figure 1: Graph showing Air leakage Vs Equivalent leakage areas
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3.

Poor air tightness performance

3.1

Reasons for poor air tightness performance

Our research has shown a number of reasons for poor airtightness performance of buildings.
These can be grouped into the follow key issues:
Pre design stage:
 Ambiguous design specification,
 Lack of clarity of desired level of envelope performance (particularly for refurbishment
due to ambiguity in the regulatory requirement - UK Part L)
Design stage:
 Failure to develop a strategy for air barrier lines at the early stage of design
 Too many materials within the envelope are used to form air barrier
 Uncertainty on the position of the air barrier within the building envelope
 Lots of unsealed penetrations through air barrier
 Interface detailing and penetrations are not well thought through to ensure air barrier
continuity
 Lack of understanding of the performance of air barrier materials in terms of air
permeability, buildability and durability of seals
Construction stage:
 Lack of communication between design and construction teams
 No active quality control process leading to poor quality of workmanship,
 No process to monitor and review design changes
 Several contractors involve in construction works and none is responsible for the
formation of critical seals
3.2

Bad practice leading to poor air tightness performance

The pictures below present a few examples of bad construction practices leading to poor air
tightness performance of both new build and refurbished buildings.

No air barrier seal around the steel work

No air barrier seal around the steel work
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No air barrier seal at the wall to roof interface

No air barrier seal at the steel column and
wall/roof interface

Mineral fibre insulation forming air barrier seal No air barrier seal around duct penetration
at gutter down pipe penetration
through roof

Air barrier discontinuity at blockwork to
structural steelwork junctions

Air barrier discontinuity at wall to roof
interfaces
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VCL forming roof air barrier fails to link with
wall air barrier

Gable end interface – mineral wool is used as
sealing

No sealing band and profile fillers at the steel
cladding to dwarf wall interface

No air barrier seal at the abutment of steel
cladding to the brickwall

Overcladding of existing building: No air
barrier with vapour control before insulation

Discontinuity of air barrier: No sealing at the
steel cladding lap and end joints
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4.

Best practice for Low Air Leakage

This section presents the strategy for achieving low air leakage and examples of best
practices.
4.1

Strategy for achieving low air leakage

The strategy consists of a three stage processes, which are pre-design, design and
construction stage. The figure below shows the key aspects of each stage.

See Figure 3

See Figure 4

Figure 2: Strategy for achieving low air leakage
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Figure 3: Plan showing air barrier line

Internal corner details

Eaves details

Ridge detail showing continuity of air barrier: end
and lap joints sealing
Figure 4: Detailing air barrier line1

Base detail showing continuity of air barrier:
wall and floor interface sealing

1

a host of joint details can be accessed from Corus, CA profile Metal Cladding & Roofing Manufacturers Association websites
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4.2

Examples of good practise resulting in low air tightness performance

The pictures below are examples of good practices to achieving low air tigthness.

Air barrier seal at junction between vapour
barrier and gutter assembly

Air barrier seal to vapour control layer – welded
laps

Installation of air barrier tape seals to laps of
internal steel of a built-up system

Flexible self adhesive membrane forming air
barrier at wall to roof junction

Tape seals forming air barrier continuity at
joints between sheathing boards

Therma-foil Plus on warehouse gable to ensure
continuity of air barrier
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Therma-foil Plus seal on the outer side of the An application of Therma-strip onto the roof
internal steel liner forming air barrier
sheet to ensure continuity of air barrier
continuity of the roof.

Overcladding of existing brickwall using rain
screen system: breathable air barrier to
ensure vapour control and limit air leakage

Accoustic deck: breathable air barrier to ensure
vapour control and limit air leakage

Overcladding of existing residential building:
breathable air barrier to ensure vapour
control and limit air leakage

Overcladding of existing industrial shed using
rain screen system: breathable air barrier to
ensure vapour control and limit air leakage
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5.

Conclusion

This report has discussed the building envelope air leakage, effect of air leakage on building
performance and regulatory requirements in Europe. It presented aggregated airtightness
data from physical tests on whole building.
The review of the reasons for poor airtightness performance and current bad practices along
with best practices, informed the development of strategy for achieving low airtightness. In
order to achieve low airtightness value, the issue must be addressed at the pre-design stage,
design stage and construction stage.
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