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Technical Note No 33 
BREATHER MEMBRANES AND VAPOUR CONTROL 
LAYERS IN WALLS 

 
 
 
 
Introduction 
 
This Technical Note concerns the use 
of vapour control layers and breather 
membranes in built-up elements of 
curtain walling and rainscreen 
cladding.  Vapour control layers are 
provided where required to control the 
migration of water vapour in to 
elements of construction vulnerable to 
condensation.  The function of 
breather membranes is to provide a 
barrier against water penetration whilst 
allowing migration of water vapour 
through the membrane to the outside 
of the building.  The use of such layers 
and membranes will depend upon the 
anticipated performance of the 
element concerned.  Means of 
assessing the risk of condensation is 
given in the ‘Standard for specifying 
and assessing condensation risk’, 
CWCT. 
 
Walls have to be constructed to 
provide water penetration resistance 
so that: 
 
 No water reaches the inner face of 

the wall. 
 No water reaches parts of the wall 

where it might cause degradation 
of the wall or adversely affect any 
aspect of its performance. 

 
A wall has to be constructed to limit 
the moisture content within the wall to 
acceptable levels.  No condensation 
should be allowed to form or collect in 
any voids or interstices where such 
water may have a deleterious effect on 
the materials or on the wall’s 
performance. 
 
Water within a wall may cause 
damage by: 
 

 Corrosion of components 
 Saturation and impairment of 

insulation 
 Mould growth 
 
This Note deals with the appropriate 
use of vapour control layers and 
breather membranes within walls.  It 
describes materials, condensation risk 
assessment and references relevant 
standards.  A terminology is also 
provided. 
 
 
Water penetration resistance 
 
Resistance to water penetration may 
be achieved by different means 
depending on the type of construction.  
In drained and ventilated systems, any 
water passing though the outer water 
barrier drains in to a rebate or cavity 
and then out via drainage slots.  Such 
systems are generally designed to 
prevent rainwater coming in to contact 
with materials that are intolerant of 
water. 
 
Walls such as ventilated rainscreen 
walls are constructed with open joints 
in the rainscreen.  Some water may 
pass the rainscreen and enter the 
cavity behind. Water in a wall cavity 
may come into contact with the rear 
face of the cavity (the insulation or 
backing wall).  
 
A breather membrane should be 
provided unless it can be established 
that: 
 
 Any insulation in the cavity is 

resistant to wetting, for instance 
some closed cell foams. 

 
and 
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 No water reaches the backing wall, 
either directly or by migration 
through the insulation. 

 
The breather membrane should be 
placed either: 
 
 On the cavity face of any insulation 

that is intolerant of water. 
 On the cavity face of the backing 

wall if any insulation is resistant to 
wetting. 

 On the cavity face of the backing 
wall if no insulation is present in 
the cavity. 

(Figure 1a) 
 
 
A breather membrane will prevent 
water passing inward through the wall 
but will allow water vapour to move 
outward through the wall (see below). 
 
Further guidance on the specification 
and design of rainscreen walls is given 
in ‘Standard and guide to good 
practice for ventilated rainscreen 
walls’, CWCT. 
 
 
Vapour control 
 
Water vapour control may be 
necessary to maintain acceptable 
moisture content throughout the wall.  
The need for a vapour control layer will 
depend on: 

 Vapour permeability of each 
layer 

 Temperatures within the wall 
 Internal and external moisture 

levels 
 The effectiveness of any 

ventilation of the cavities within 
the wall. 

 
Condensation will form at any point in 
the wall where the moisture content is 
high enough to give a dewpoint 
greater than the actual temperature 
(Figure 2). 
 
A condensation risk analysis may be 
performed to show the conditions 

under which condensation will form 
and the need for any vapour control 
layer.  Suitable procedures for 
condensation assessment are given 
below. 
 
A condensation risk analysis may 
show that no vapour control layer is 
required.  However, designers may 
choose to incorporate an effective 
vapour control layer rather than carry 
out a condensation risk analysis.  The 
provision of an effective vapour control 
layer also adds to the robustness of 
the wall.  It will limit moisture content 
throughout the wall and help reduce 
condensation at any cold bridges 
remaining within the design or 
introduced by shortcomings in 
workmanship. 
 
Where a vapour control layer is used 
without calculating the wall 
temperatures it should be placed to 
limit water vapour migrating from the 
warm parts of the wall to the cooler 
parts of the wall.  Typically vapour 
control layers are placed: 
 
 At the warm side of the dominant 

insulating layer, 
- Between the insulation and 
backing wall in a ventilated 
rainscreen wall. 
 

 At, or near, the inner face of the 
wall, 
- A dense plaster finish to a 
blockwork wall. 
- Foil backed plasterboard as a 
drylining behind a blockwork wall. 

(Figure 1b) 
 
A vapour control layer will control the 
passage of both water and water 
vapour.  A breather membrane is not a 
vapour control layer. 
 
 
Vapour control layers 
 
Vapour control layers may comprise 
metal sheets, metal foils, plastics, 
polymeric sealants and liquid applied 
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coatings.  The effectiveness of any 
vapour control layer will depend on the 
material used and its installation. 
 
Materials used as vapour control 
layers have to resist the passage of 
water vapour. 
 
For membranes and sheet materials 
the vapour resistance of the material is 
given using units of MN s g-1 or Pa m2 
s kg-1.  For materials that are available 
in various thicknesses a vapour 
resistivity is given using units of MN s 
g-1m-1or Pa m s kg-1.  To calculate the 
vapour resistance of a layer the 
vapour resistivity is multiplied by the 
thickness of the layer in metres. 
 
Note that the value of resistance 
measured in Pa s kg-1 is 1000 times 
the value measured in MN s g-1. 
 
Typical vapour resistivity and vapour 
resistance for various materials are 
given below.  In practice vapour 
resistance achieved will be lower due 
to holes and joints. 
 
 

Material 

Vapour 
resistivity 
(MN s g-1m-1) 

  
Air space 5 
Polyurethane 500-1000 
Concrete 
 Lightweight 
 Dense 

 
30-80 
200 

Blockwork 20-150 
Brickwork 25-250 
Stonework 150-450 
Timber 40-70 
 
 

Material 

Vapour 
resistance 
(MN s g-1) 

  
Sheet glass >10000 
Sheet metal >10000 
Aluminium foil 200-4000 
Polyethylene (1000 gauge) 200-350 
Polyethylene (500 gauge) 200-350 
Vapour resistant paint 25 
Bitumen impregnated building 
paper 

10 

100mm dense concrete 20 
100mm brickwork 2-25 
100mm blockwork 2-15 

 
Sometimes values of permeability are 
given in kg m s-1 Pa-1.  Permeability is 
the inverse of resistivity.  Vapour 
control layers are more effective if 
either: 

 The resistivity is greater 
 The permeability is lower 

 
Materials may be assessed according 
to their water vapour resistance factor 
().   
 

air dry of yresistivit Vapour

material of yresistivit Vapour
  

 
This compares their performance with 
the vapour resistance of dry air, which 
is 5000 Pa s kg-1 m-1. 
 
Flexible sheet materials for use as 
vapour control layers are described in: 
 
 prEN 13970 - for bituminous 

materials 
 prEN 13984 - for plastic and 

rubber materials 
 
For all materials watertightness is 
assessed according to pr EN 1928 and 
vapour transmission is assessed 
according to pr EN 1931. 
 
 
Installation of a vapour control layer 
may require the material to be lapped 
or pierced by fixings.  The materials 
may also become pierced as a result 
of workmanship.  The design should 
have due regard for the means of 
installation and the susceptibility to 
condensation related problems.  
Where required, taping or sealing of 
joints should be specified and 
precautions taken to ensure that any 
discontinuity or piercing of the layer by 
essential fixings does not compromise 
the performance.  The objective 
should be to provide a continuous 
vapour control layer with any 
discontinuities limited so as not to 
cause any significant reduction in 
performance.  An example of 
discontinuities that may be harmless in 
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low humidity environments include the 
small gaps between foil backing on 
adjacent sheets of plasterboard.  In a 
rainscreen wall the vapour control 
material may be lapped behind a 
horizontal rail to ensure a closer 
contact between adjacent sheets of 
material. 
 
In the detailing of buildings, it is 
commonplace for significant 
discontinuities in vapour control layers 
to occur at the interfaces of adjacent 
elements, such as window reveals.  It 
is therefore essential that interfaces 
between different elements and 
subcontract packages are duly 
considered and addressed during the 
design and detailing stages. 
 
Flexible sheet materials used for 
vapour resistance also have to be tear 
resistant and durable.  Some materials 
have been tested to standards that 
apply to fabrics for garments these 
tests are not suitable for building 
materials. 
 
 
Properties of non-sheet materials to 
be used in walls can be obtained from 
BS EN 12524 or determined in 
accordance with BS EN ISO 
12572:2001. 
 
BS EN 12086:1997 and BS EN ISO 
7783-2:1999 also give test methods 
for water vapour resistance.  BS 
7374:1990 has been withdrawn. 
 
 
Breather membranes 
 
Materials used as breather 
membranes comprise sheet materials 
that contain many very small holes or 
pores.  These are large enough to 
allow water vapour to pass but resist 
the passage of liquid water. 
 
Vapour resistance is measured in 
ways similar to those described for 
vapour control layers.  However, the 
vapour resistance values will be very 

much lower than for vapour control 
materials. 
 
Breather membranes also have to 
have tear resistance. 
 
BS 4016 covers watertightness, 
vapour transmission and tear 
resistance of breather membranes. 
 
Having decided in principle to use a 
breather membrane, care is required 
in selection.  Some membrane 
materials will transmit liquid water if 
they are in contact with a material 
beneath.  The phenomenon is 
sometimes referred to as “tenting”.  
Some membranes may deteriorate 
with age or if subjected to 
contaminated water run-off, again 
increasing their susceptibility to liquid 
water transmission.  Consideration 
also needs to be given as to whether 
the membrane needs to be fire-
resistant.  In rainscreen cladding, the 
membrane and its jointing may also 
need to resist wind suction loads. 
 
 
Design principles 
 
Moisture is introduced into buildings 
through life processes, heating 
equipment and activities such as 
cooking, bathing and so on.  Water 
vapour may be removed by natural 
ventilation or air conditioning.  
However, there must be water vapour 
in the air to make a room comfortable 
for habitation. 
 
Water vapour disperses through the 
air and migrates through porous solids 
in an attempt to give uniform vapour 
pressure.  In the UK external air 
moisture contents are lower than 
internal levels and water vapour 
moves outward through the wall.  For 
air-conditioned buildings in some 
warm and humid climates water 
vapour moves inward through the wall. 
 
Water vapour should not migrate past 
one vapour control layer only to be 
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stopped by a subsequent breather 
membrane which incorrectly acts as a 
vapour control layer, or by a second 
vapour control layer. 
 
 Breather membranes marketed as 

products should have a vapour 
resistance less than 0.6 MN s g-1 
so that the vapour resistance is 
always much less than that of any 
other layers in the wall.  A 
condensation risk analysis may 
show that a higher vapour 
resistance is acceptable but values 
in excess of 5 MN s g-1 are 
unnecessary and may lead to 
problems if the vapour control 
layer is impaired. 

 
 There should normally be only one 

vapour control layer in a wall.  If 
there are two or more vapour 
control layers.  For instance a 
panel with metal skins on both 
sides.  Then particular 
consideration has to be given to 
the air moisture content in any 
cavities between vapour control 
layers.  Two vapour control layers 
may be constructed of the same 
material but if the inner layer is 
perforated then water vapour will 
migrate in to the cavity where it will 
be retained. 

 
 As a general rule, in the UK, the 

vapour resistivity of successive 
layers should decrease from inside 
to outside. 

 
 As a general principle all cavities 

should be either ventilated or 
hermetically sealed, for instance 
an insulated glazing unit. 

 
 
Precautions 
 
Cavities formed on the warm and 
humid side of a vapour control 
barrier may be affected by severe 
condensation.  Cavities may be 
formed as part of the internal building 
fit out when window boards and 

internal panels are added.  These will 
often provide insulation so that the 
cavity is cooler than the room but 
provide very little resistance to vapour 
movement.  Solutions are ventilating 
these cavities to the room so that they 
are warm and incorporating the vapour 
control layer in the inner wall panel as 
is done with foil backed dry lining. 
 
Rainscreen cavities should be 
ventilated so that any water ingress 
stopped by a breather membrane will 
dry out after drainage has removed 
most of the water. 
 
Two layers having similar vapour 
resistance should be avoided.  A 
metal sheet can be perforated to avoid 
the creation of an unwanted vapour 
barrier.  Note that it may then be 
necessary to provide a breather 
membrane to prevent water entering 
by passing the perforated sheet. 
 
Avoidance of mould growth on the 
internal surface is achieved by limiting 
the moisture level at the internal 
surface.  This can be achieved by 
ventilating the room or better insulating 
the wall to raise the temperature of the 
internal surface.  BS EN ISO 
13788 recommends that the relative 
humidity at the internal surface should 
be less than 80% to avoid mould 
growth. 
 
 
Condensation assessment 
 
Condensation assessment requires 
knowledge of the moisture contents 
and temperatures within a wall.  
Building envelopes containing a single 
well defined layer offering high vapour 
resistivity at the warm side of the 
construction can often be assessed as 
acceptable by inspection.  For walls 
with no well-defined vapour control 
layer or one that is in a cooler part of 
the construction an analysis is 
required. 
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To assess condensation risk it is 
necessary to know the internal and 
external temperatures and moisture 
levels, the psychrometric conditions. 
 
Psychrometric conditions depend 
on the time of year and the activities 
within a building. 
 
BS 6229 gives the following values for 
use in the UK: 
 
 R.H. (%) T (oC) 
Internal   
   Storage 35 15 
   Offices/shops 40 20 
   High occupancy 
  dwellings 

55 20 

   Swimming pools 
   and similar 

>70 25 

   
External   
   Summer 65 18 
   Winter 90 -5 
 
Although originally intended for the 
design of roofs these values have 
been widely used for all building 
envelopes in the UK. 
 
BS EN ISO 13788 gives moisture 
levels as moisture content in kg m-3, 
which is independent of internal 
temperature.  The values given are 
lower than those given in BS 6229.  
BS EN ISO 13788 gives even lower 
internal moisture levels for buildings in 
warmer climates. 
 
Plane layered walls such as a block 
or brick cavity wall can be assessed 
for condensation risk using a method 
of the Glaser type.  Such a procedure 
is used in BS 5250 and DIN 4108. 
 
Firstly temperatures and vapour 
pressures are calculated throughout 
the wall then either: 
 

 Dewpoint temperatures are 
calculated from the vapour 
pressures and compared with 
the actual temperatures. 

Or 

 The actual temperatures are 
used to calculate saturation 
vapour pressures that are 
compared with the vapour 
pressures, (This is the method 
used in BS 5250). 

 
 
 
Walls of complex geometry may 
contain elements such as framing 
members that form thermal bridges.  
These make it difficult to calculate 
temperatures within the wall.  
However, these walls often comprise a 
series of layers that offer resistance to 
moisture movement within the wall.  A 
simple layered system may be 
analysed to determine the moisture 
content at the different layers through 
the wall.  From this can be determined 
the dewpoint temperatures.  If actual 
temperatures within the wall can be 
estimated then a rough assessment 
can be made of the risk of 
condensation forming within the wall. 
 
Temperatures can be estimated using 
the following: 
 
For materials that are good and 
uniform insulators throughout their 
thickness the temperature gradient 
through the material will be uniform. 
 
For thermally broken aluminium 
profiles (and similarly isolated good 
conductors) the two metal profiles will 
be at uniform but different 
temperatures.  Each will be at or near 
the temperature of the extreme 
surface of the metal profile. 
 
Unless the simple procedure 
described above shows conclusively 
that condensation risk is acceptable 
then a full condensation risk analysis 
should be carried out.  Standard for 
specifying and assessing for 
condensation risk, CWCT, describes 
suitable procedures, which include 
calculation of temperatures throughout 
the wall by a finite element or finite 
difference method. 
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Extreme moisture levels may 
necessitate a more complex model 
than those described above.  Most 
modelling assumes vapour 
transmission through the materials.  
However at very high moisture levels 
water vapour may be drawn in to 
porous materials by capillary action. 
 
Ventilation within cavities and over 
surfaces may transport moisture. 
 
Non-steady state models can be 
adopted.  Unlike the steady state 
models described above these take 
account of the variation of 
psychrometric conditions over time. 
 
Commercial software is available 
including packages such as GLASTA 
and WUFI. 
 
Results from the above analyses will 
be accurate calculations but they are 
based on many assumptions about 
psychrometric conditions, materials 
and workmanship.  They should be 
used with caution and if there is even 
a near risk of condensation careful 
consideration should be given to 
improving the wall. 
 
 
Terminology 
 
Breather membrane – Flexible sheet 
that resists the passage of liquid water 
but allows water vapour to pass. 
 
Dewpoint – Temperature at which 
vapour pressure becomes saturated 
vapour pressure. 
 
Moisture content – Proportion of 
water contained within a material. 
 
Relative humidity – Ratio of vapour 
pressure in air at a given temperature 
to the saturation vapour pressure at 
the same temperature. 
 

Saturation vapour pressure – Water 
vapour pressure in air at dewpoint 
temperature. 
 
Thermal bridge – Part of a structure 
of lower thermal resistance which may 
lead to colder or warmer surfaces. 
 
Vapour control layer – Construction 
material that substantially reduces the 
water vapour transfer through any 
building element in which it is 
incorporated. 
 
Vapour pressure – That part of 
atmospheric pressure that is due to 
water vapour present in the air. 
 
Vapour resistance – Measure of the 
resistance to water vapour diffusion of 
a material of specific thickness. 
 
Vapour resistivity – Measure of 
resistance of a unit thickness of 
material to water vapour diffusion 
when a difference of unit vapour 
pressure exists between the air on 
opposite sides of the material. 
 
Water vapour – Water in its invisible 
gaseous phase. 
 
 
Standards 
 
BS 4016:1997 - Specification for 
flexible building membranes (breather 
type) - Current 
 
BS 5250:1989 - Code of practice for 
control of condensation in buildings - 
Current, Work In Hand 
 
BS 6229:1982 - Flat roofs with 
continuously supported coverings 
 
BS EN ISO 7783-2:1999 - Paints and 
varnishes. Coating materials and 
coating systems for exterior masonry 
and concrete. Determination and 
classification of water-vapour 
transmission rate (permeability) - 
Current 
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BS EN 12086:1997 - Thermal 
insulating products for building 
applications. Determination of water 
vapour transmission Properties - 
Current 
 
BS EN 12524:2000 - Building 
materials and products – Hygrothermal 
properties – Tabulated design values 
 
BS EN ISO 12572:2001 - 
Hygrothermal performance of building 
materials and products. Determination 
of water vapour transmission 
properties – Current 
 
BS EN ISO 13788:2002 – 
Hygrothermal performance of building 
components and building elements – 
Internal surface temperature to avoid 
critical surface humidity and interstitial 
condensation - Calculation methods 
 
BS EN 1928:2000 - Flexible sheets for 
waterproofing – Bitumen, plastic and 

rubber sheets for roof waterproofing – 
Determination of watertightness. 
 
BS EN 1931:2000 - Flexible sheets for 
waterproofing – Bitumen, plastic and 
rubber sheets for roof waterproofing – 
Determination of water vapour 
transmission properties 
 

prEN 13970 - Flexible sheets for 
waterproofing. Bitumen water vapour 
control layers. Definitions and 
characteristics - Current, Draft for 
Public Comment 

prEN 13984 - Flexible sheets for 
waterproofing. Plastic and rubber 
vapour control layers. Definitions and 
characteristics - Current, Draft for 
Public Comment 
 
 
References 
Standard for specifying and assessing 
condensation risk (2nd Edition), CWCT, 
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Figure 1a.  Position of a breather membrane 
 
 

 
 
Figure 1b.  Position of a vapour control layer 
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Figure 2.  Temperatures and dewpoint temperatures in a wall 
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