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Foreword
Publishing information
This British Standard was published by BSI and comes into effect 
on 31 May 2007. It was prepared by Subcommittee B/542/1, 
Slating and tiling, under the authority of Technical Committee B/542, 
Roofing and cladding products for discontinuous laying. A list of 
organizations represented on this committee can be obtained on request 
to its secretary.

Information about this document
In the UK some 70% to 80% of houses and some larger buildings such 
as schools and hospitals have cold pitched roofs, with insulation on the 
horizontal ceiling and an accessible, cold loft space above. Gaps in the 
ceiling, such as around loft hatches and service pipes, allow air to flow 
from the living space to the loft. Some of the heat and moisture 
generated in the living space passes through the gaps into the loft 
contributing to the energy loss from the building and creating a risk of 
condensation in the loft space.

Buildings with warm pitched roofs, where the insulation is at rafter 
level, use the loft as living space. If the walls and ceilings of the “room in 
the roof” have gaps through which air can flow, this will provide a route 
for energy loss and an increased risk of condensation.

BS 5250, the code of practice for the control of condensation in 
buildings, recommends that air leakage through ceilings should be 
minimized and provides criteria for a “well sealed ceiling”. This standard 
provides practical guidance on methods for fulfilling the “well sealed 
ceiling” criteria. 

Use of this document
As a code of practice, this British Standard takes the form of guidance 
and recommendations. It should not be quoted as if it were a 
specification and particular care should be taken to ensure that claims 
of compliance are not misleading.

Although this standard is intended for the design of domestic buildings, 
it also has more general relevance to other buildings.

Any user claiming compliance with this British Standard is expected to 
be able to justify any course of action that deviates from its 
recommendations.

Presentational conventions
The provisions in this standard are presented in roman (i.e. upright) 
type. Its recommendations are expressed in sentences in which the 
principal auxiliary verb is “should”.

Commentary, explanation and general informative material is 
presented in smaller italic type, and does not constitute a 
normative element.

Contractual and legal considerations
This publication does not purport to include all the necessary provisions 
of a contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity 
from legal obligations.
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1 Scope
This standard provides guidance on methods that can be used to meet 
the “well sealed ceiling” requirements defined in BS 5250 for cold and 
warm pitched roofs.

This standard provides architects, house builders, and building control 
officers with robust design details for the construction of more airtight 
ceilings and for the control of air movement into pitched roofs.

It provides guidance for dwellings and buildings of domestic type 
construction on the selection of materials, design principles, 
construction methods and design details covering: the junction of walls 
and ceilings; junctions of ceiling materials; penetration through ceilings 
(e.g. pipes, outlets, cables, light fittings, loft hatches, tubular rooflights 
and roof windows).

It includes cold and warm roof applications and will apply to new, and 
the refurbishment of existing, buildings.

2 Normative references
The following referenced documents are indispensable for the 
application of this document. For dated references, only the edition 
cited applies. For undated references, the latest edition of the 
referenced document (including any amendments) applies.

BS 4255-1, Rubber used in preformed gaskets for weather exclusion 
from buildings – Part 1: Specification for non-cellular gaskets

BS 4533-102.1/EN 60598-2-1, Luminaires – Part 102: Particular 
requirements – Section 102.1 Specification for fixed general 
purpose luminaires

BS 5250, Code of practice for control of condensation in buildings 

BS 6093, Code of practice for design of joints and jointing in 
building construction

BS 6213, Selection of construction sealants – Guide

BS 7116, Specification for double sided pressure sensitive adhesive 
tapes

BS 7412, Plastics windows made from unplasticized polyvinyl 
chloride (PVC-U) extruded hollow profiles – Specification

BS 8000-16, Workmanship on building sites – Part 16: Code of 
practice for sealing joints in buildings using sealants

BS EN 60598-2-2/IEC 598-2-2, Luminaires – Part 2: Particular 
requirements – Section 2: Recessed luminaires

BS EN 13141-1, Ventilation for buildings – Performance testing 
of components/products for residential ventilation – 
Part 1: Externally and internally mounted air transfer devices

BS EN 13963, Jointing materials for gypsum plasterboards – 
Definitions, requirements and test methods
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3 Terms and definitions
For the purposes of this standard, the following terms and definitions 
apply.

3.1 air barrier
barrier comprising materials and/or components which are air 
impervious or virtually so, separating conditioned spaces 
(heated/cooled) from unconditioned spaces (unheated/cooled)

NOTE An air barrier will not necessarily be vapour impervious.

[From Airtightness in Commercial Public Buildings [1]]

3.2 air and vapour control layer
AVCL
single layer (often a membrane) controlling both air and vapour 
movement, thereby fulfilling the role of both an air barrier and a vapour 
control layer

NOTE 1 The term “air and vapour control layer” has been adopted 
throughout this standard recognizing that a well designed and installed 
vapour control layer also controls air movement.

NOTE 2 The performance of an air and vapour control layer is 
dependent upon the material, workmanship and buildability, all of which 
need to be assessed by the designer.

3.3 cold pitched roof
pitched roof that has insulation on the horizontal ceiling and an 
unheated loft above that ceiling

3.4 conditioned zone
occupied zone in a building requiring heating or cooling and bounded 
by an airtightness layer or an air and vapour control layer to separate it 
from unconditioned zones

[Based on Airtightness in Commercial Public Buildings [1]]

3.5 vapour control layer
VCL
material of construction which substantially reduces the water vapour 
transfer through any building element in which it is incorporated or 
applied by limiting vapour diffusion (see BS 5250)

NOTE 1 A well installed VCL will also control air movement and in this 
standard is referred to as an “air and vapour control layer”.

NOTE 2 The term “vapour control layer” is preferred to the terms 
“vapour check” and “vapour barrier” which usually refer to the materials 
alone. The performance of a vapour control layer is dependent upon the 
material, workmanship and buildability, all of which need to be assessed 
by the designer.

3.6 warm pitched roof
pitched roof that has insulation at rafter level, providing a loft that can 
be used as a living space
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3.7 well-sealed ceiling
ceiling that satisfies the following criteria:

a) The design avoids constructional gaps, especially at the 
wall/ceiling junction and holes in the ceiling.

b) No access door or hatch should be located in rooms where large 
amounts of moisture are produced, including kitchens or 
bathrooms.

c) The air leakage rate through an access hatch, including its frame, 
when tested to BS EN 13141-1:2004 4.3 is less than 1 m3/h at a 
pressure difference of 2 Pa. 

d) Penetrations, such as those for services and rooflights, are 
permanently sealed with suitable proprietary products.

e) The ceiling is sealed to the external walls to limit any leakage 
through cracks.

f) The total leakage through all recessed light fittings should not 
exceed 0.06 m3/h·m2 of ceiling at 2 Pa pressure difference across 
the ceiling. 

g) The head of any cavity in any wall or partition should be sealed to 
prevent transfer of warm moist air into the loft

[Based on BS 5250]

4 Design criteria

4.1 Airtightness of ceilings
COMMENTARY ON 4.1 
Measurements in a range of houses have shown that, typically, 20% of the 
air entering the occupied rooms will leave via a cold loft, taking with it 
moisture and heat. The proportion entering a warm roof will be smaller, 
but can have a relatively greater risk of condensation because of the 
smaller volumes within the roof.

Tests have shown that with 200 mm of mineral wool (an R-value 
of 4.50 m2W/K) on the floor of a cold loft and a typical unmodified ceiling, 
about half the heat transport into the roof takes place by air movement, 
with the other half passing through the ceiling and insulation by 
conduction. Air movement was even more important in the case of 
moisture transport, carrying over 75% of the water vapour entering a cold 
loft from the rooms below, with the rest going by diffusion through the 
ceiling materials.

There are therefore two benefits from ensuring that air movement from the 
occupied rooms in a house into the roof is minimized as far as possible:

a) The heat loss and total energy demand of the house will be reduced. The 
change from a typical unsealed ceiling to a well sealed ceiling (see 3.5), 
which reduces the air transport into the roof by 70%, will save about 8% to 
10% of the energy consumed in a typical house.

b) The flow of moisture into the roof will be reduced very significantly, in 
most cases eliminating the risk of damaging condensation. 

A well sealed ceiling is a precondition of most third-party certification of 
low vapour resistance underlays used in unventilated cold pitched roofs. 
However, where moisture loads in the building are likely to be high, an 
AVCL will be needed. 
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A BRE Information Paper, IP4/06, The airtightness of ceilings – energy loss 
and condensation risk [2] provides a more detailed explanation of the 
building physics relating to the condensation risk and energy losses in 
cold pitched roofs.

The procedure for assessing the risks of condensation within structures 
that was specified in BS 5250:2002, makes use of a calculation procedure 
in BS EN ISO 13788:2001. Because this procedure allows for only 
conduction and diffusion and specifically excludes structures with air 
flows through cracks and cavities, it cannot be used for assessing cold 
pitched roofs. This situation is noted in Amendment 1 of BS 5250:2002 and 
a second BRE Information Paper, IP 5/06 Modelling condensation and 
airflow in pitched roofs [3], has been published to give recommendations for 
the necessary assessment procedure.

Reducing the ventilation rate in the conditioned zone can potentially 
cause problems of condensation and mould within the occupied rooms. 
The provisions of Approved Document F [4] in England and Wales 
(Building Regulations (Northern Ireland) [5] Part K or Building 
(Scotland) Regulations 2004 Technical Handbook [6] Section 3) and its 
associated guidance documents always have to be followed to ensure that 
the moisture produced by normal household activities is removed at 
source.

4.1.1 General

At the design stage the following should be considered:

• the conditioned zones of the building and roof space (see 4.1.3);

• in a warm roof, a continuous AVCL is required;

• halls and stairwells that connect directly to the ceiling at roof level 
(warm and cold roofs) see 4.1.4; and

• bathrooms and kitchens that connect directly with the ceiling at 
roof level (warm and cold roofs) see 4.1.5.

4.1.2 Airtightness requirements
COMMENTARY ON 4.1.2 
The airtightness requirements of the building type can be obtained from 
the Table 1. Achieving a well sealed ceiling is a significant step in 
achieving the airtightness requirements for the building as a whole.

Table 1 Whole building airtightness requirements by building type

Building type Air permeability 
m3/hr per m2 of envelope area at 50 Pa reference pressure difference.

Best practice Current practice

Houses, flatsA) 5.0 10.0

Factories, warehouses 2.0 10.0

Naturally ventilated offices 3.5 7.0

Air-conditioned buildings 2.0 3.5

Low energy offices 2.0 3.5

Retail stores, supermarkets 2.0 3.5

Museums and archival stores 1.25 1.7

Cold storage 0.4 0.8
A) An approximate conversion to number of air changes per hour (ACH) for houses and flats is to multiply the values 

in Table 1 by 0.05.

The figures in Table 1 are based on Approved Document L2 (2002), the air permeability requirements for buildings [7].
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4.1.3 Conditioned zones of the building and roof space

4.1.3.1 Cold roof

The general principle for zoning a building with a ventilated roof space 
is illustrated in Figure 1.

Figure 1 Defining the conditioned zone in a cold-roof building

Key

1 Conditioned zone boundary

2 Conditioned zone

3 Ventilation duct

NOTE Roof covering (such as slating, tiling or roofing membrane) have been omitted for simplicity.

2

1

3
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4.1.3.2 Warm roof

The general principle for zoning a building with a lived-in roof space is 
illustrated in Figure 2.

Figure 2 Defining the conditioned zone in a warm-roof building

Key

1 Conditioned zone boundary

2 Conditioned zone

NOTE Roof covering (such as slating, tiling or roofing membrane) have been omitted for simplicity.

2

1

2

1
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4.1.4 Halls and stairwells that connect directly to the ceiling 
at roof level (warm and cold roofs)

Halls and stairwells which open to the outside of the building are 
sources of air infiltration and an airtightness barrier should be 
maintained on the internal and external walls and ceiling of the stairwell 
or hall. The joint at wall ceiling level should be sealed and, in cold roof 
designs, the loft hatch should include an appropriate seal. 

4.1.5 Bathrooms and kitchens that connect directly to the 
ceiling at roof level (warm and cold roofs)

Where the bathroom or kitchen is situated directly below the ceiling at 
roof level the moisture load local to the ceiling will be high. The loft 
hatch access to cold roofs should not be installed in bathrooms or 
kitchens directly under the ceiling at roof level.

4.2 Air barrier 
The measures required to achieve a functional air barrier should be 
carefully considered at the design stage. An air barrier should extend 
over the whole of the ceiling and it is imperative that it is integrated with 
and sealed to adjoining elements, such as masonry, drylining, loft 
hatches and glazing systems. Any unsealed holes, fixings, pipes, 
electrical fittings, etc., which pass through the air barrier, will 
downgrade performance: methods of avoiding or sealing around such 
penetrations should be considered at the design stage.

Where a rigid board forms the air barrier, joints between adjacent 
boards should be jointed or sealed to avoid air leakage. Where required, 
seals should be designed to accommodate thermal or other movement 
which might occur during the design life of the building.

4.3 Air and vapour control layers
To control vapour diffusion, an air and vapour control layer (AVCL) may 
be used. AVCLs may be formed with a separate membrane within the 
structure, a lining board with an integral membrane or with a suitable 
coating applied to the internal surface of an element, which is in itself, 
an air barrier. The membrane or element comprising the AVCL should 
be of the appropriate vapour resistance and should be situated on the 
warm side of the insulation.

NOTE Even where the criteria for a well sealed ceiling are fully met, it 
should be recognized that a small amount of unavoidable air leakage will 
still occur. The performance depends upon the vapour resistance of the 
materials selected, the practicability of the design and the standard of 
workmanship involved in installation. 

Side and end joints in flexible sheet forming the AVCL should be kept to 
a minimum. Joints should be made over a solid backing member or 
substrate, lapped not less than 50 mm and sealed with an appropriate 
tape or sealant. Similarly, tears and splits should be repaired using the 
same material, jointed as above. Any unsealed holes, fixings, pipes, 
electrical fittings, etc., which pass through the AVCL should be sealed 
with a proprietary seal or sealant.

Some materials used as an AVCL should be protected from heat and 
sunlight to reduce the risk of degradation.
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5 Materials, fittings and accessories

5.1 Air barriers/AVCLs
The air barrier may be an appropriately installed:

1) flexible plastic sheet (e.g. low density and high density 
polyethylene sheets are frequently used as air barriers); and/or

2) rigid material (e.g. plasterboard or plywood).

An AVCL has the additional requirement that the vapour resistance 
should be greater than 250 MNs/g.

5.2 Sealants
COMMENTARY ON 5.2
BS 6213 and BS 6093:1993 provide general guidance on the design of 
joints in buildings and the selection of sealants. BS 6093:1993 Table 1 
includes an estimate of the life expectancy of the different joint types but 
adds a warning that: “The actual service life of a sealant is dependent not 
only on composition but also on environmental conditions and quality of 
application.”

5.2.1 Sealing tapes
COMMENTARY ON 5.2.1
BS 7116 provides guidance for the 
selection of double-sided pressure 
sensitive self-adhesive tapes 
including self-adhesive foamed 
tapes.

Where joints are sealed with tape, either double-sided pressure sensitive 
adhesive tape conforming to BS 7116 or (for joins between 
plasterboard) paper tape conforming to BS EN 13963 should be 
selected, depending on the exact application. The tape manufacturer 
should be consulted to obtain details of the application requirements 
and advice on the expected durability of the installation with respect to 
airtightness.

5.2.2 Liquid sealants
COMMENTARY ON 5.2.2
Sealants for building construction 
joints are classified in 
British Standards by performance 
requirements, but the information 
given in Table 2 and Table 3 is 
given to help find a sealant with the 
properties needed in most 
applications.

Where joints are sealed with liquid sealant, the most appropriate 
products should be selected according to the procedures of 
BS 6093:1993 and BS 6213, and install the sealant in accordance with 
BS 8000-16.
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5.3 Compressible foam (draught stripping)
COMMENTARY ON 5.3
General information on choice of 
draught strips is given in Table 3.

Draught strips should be selected from either synthetic rubber gaskets 
conforming to BS 4255-1 or weatherstrips conforming to the relevant 
requirements of BS 7412.

Table 2 Sealant types

Type Movement 
tolerance
%

Typical uses Practical considerations

Elastic and elastomeric sealants

1-part polysulfide 25 Movement joints in heavy 
structures

Slow curing. Vulnerable to 
damage until cured

1-part polyurethane 30 Movement joints between 
lightweight components

2-part polysulfide 30 Movement joints between heavy 
or lightweight wall components

Mixed on site and has to be used 
within “application life”

2-part polyurethane 30 Movement joints between heavy 
or lightweight wall components

Mixed on site and has to be used 
within “application life”

1-part silicone 50 Joints between plastics and 
metal components

High initial costs. Careful surface 
preparation needed.

Foam sealants

Foam not applicable Used for sealing gaps that are too 
wide for elastomeric sealants.

Have to be protected from direct 
UV exposure

Table 3 Draught strips

Type Weather 
resistance

Resistance to 
air pollution

Resistance to 
acids and alkalis

Comment

Synthetic rubbers

EPDM Good Yes Yes Low resistance to oils

Silicone Good Yes No Often used with plastic 
components against which 
it does not react

Chloroprene Moderate Yes No Resistant to oils

Thermoplastic elastomers

PVC nitrile Good Yes Yes

Acrylic Good Yes No

Preformed flexible foams

PE foam/rubber adhesive Some flexible foams are 
open-cell and although 
water resistant, they are 
not suitable for 
air-resistance applications.

PE foam/acrylic adhesive

High density PE 
foam/emulsion acrylic 
adhesive

PE foam/pure acrylic 
adhesive

Low density PE 
foam/emulsion adhesive
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