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ENVELOPE RENEwaL OF THE bELMONT bUILDING IN VaNCOUVER by RDH bUILDING sCIENCE INC. [HTTP://bIT.Ly/2bM1G6L]. THE VaRyING VaPOUR PERMEabILITy OF 

DIFFERENT INsULaTION PRODUCTs, MEMbRaNEs, aND OTHER bUILDING MaTERIaLs aDDs COMPLExITy TO waLL assEMbLy DEsIGN [1]. [PHOTO COURTEsy RDH] 

More stringent energy codes demand higher levels of 

insulation for external walls, and in many cases this 

means using exterior insulation, either as a substitute 

for traditional cavity insulation, or to supplement it. 

Additional insulation thickness and changes to the in-

sulation location require additional consideration with 

regards to vapour diffusion and condensation control.

The varying vapour permeability of different insula-

tion products, membranes, and other building materials 

adds complexity to wall assembly design. 

Some insulation materials, like mineral wool and fibreglass 

are vapour permeable, while others, like XPS, polyisocyan-

urate, and closed-cell spray foam are relatively impermeable.

Energy codes are silent on this issue and building codes 

can be confusing in regard to the selection of exterior in-

sulation and vapour diffusion control for walls. This article 

clarifies and provides guidance on vapour diffusion and 

condensation control in these new wall assemblies.
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bUILDING ENCLOsURE basICs 
An exterior wall physically separates the outdoor and indoor envi-

ronments. The differences in temperature, moisture, and air pressure 

between the outdoors and indoors result in loads that the wall must 

control or accommodate. Insulation is used to control heat flow, an 

air barrier is installed to control air flow, and claddings, flashings and 

membranes are used to control water penetration. The selection of a 

particular arrangement of material layers, and the vapour permeance 

of those layers will control vapour diffusion. 

Principles of Vapour Diffusion 

Vapour diffusion is the passage of vapour molecules through 

materials [e.g. wood, insulation, drywall, etc.] as a result of vapour 

pressure differences.

Vapour diffusion flow always occurs through an assembly from the 

high to low vapour pressure side, which most often is from the warm 

side to the cold side because warm air can hold more water than can 

cold air. In cold climates, this means that vapour diffuses primarily 

from the heated interior to the colder outdoors.

Overall, the direction of the vapour drive has important ramifica-

tions with respect to the placement of materials within a wall assem-

bly. Improper use of vapour impermeable materials within a wall can 

lead to condensation on colder surfaces and lead to damaged materi-

als and fungal growth.

To control vapour diffusion within wall assemblies, vapour retard-

ing materials are used. All building materials provide some resistance 

to vapour diffusion that varies depending on the properties of the 

material. These properties can change with the relative humidity and 

mois-ture content, age, temperature, and other factors. Vapour resis-

tance is commonly expressed using the inverse term “vapour perme-

ance” which is the relative ease of vapour diffusion through a material. 

Building codes group materials into classes [Classes I, II, III] depending 

on their vapour permeance values. Class I [<0.1 US perm], and Class 

II [0.1 to 1.0 US perm] materials are considered impermeable to near 

impermeable respectively and are known as “vapour barriers”. Some 

materials that fall into this category include polyethylene sheet, sheet 

metal, aluminum foil, some foam plastic insulations [depending on 

thickness], self-adhered [peel-and-stick] bituminous membranes, and 

many other construction materials. 

Class III [1.0 to 10 US perm] materials are considered semi-permeable 

and typical materials that fall into this category include latex paints, 

plywood and OSB [depending on the relative humidity], and some 

foam plastic insulations [depending on thickness]. 

The Class of vapour retarder [I, II, or III] is used within many build-

ing codes and building enclosure design publications to provide guid-

ance for the selection of appropriate vapour control layers within wall 

assemblies in North American climate zones. This guidance is also 

based on the expected indoor conditions for certain building types 

which is related to exterior climate, indoor moisture generation rates 

combined with ventilation rates.

Figure 1 illustrates how a vapour retarder can be used in a cold 

climate to control the diffusion of vapour through a wall assembly.

Vapour diffusion is typically thought of as a negative phenom-

enon, one that needs to be completely stopped. In reality, vapour 

diffusion is also a positive mechanism that can be used to the 

designer’s benefit, and is a very important drying mechanism for a 

wall assembly. In fact, vapour diffusion is the only process through 

which the concealed spaces of most wall assemblies are able to dry 

in service. 

The control of vapour diffusion within a wall assembly is a balance 

of minimizing or managing wetting sources and maximizing drying 

potential should the wall be constructed wet, or somehow be wetted 

in-service. This is particularly important with highly insulated wall 

assemblies as more insulation means less heat energy is available to 

dry moisture from within assemblies.

FIGURE 1: sCHEMaTIC OF waLL assEMbLy sHOwING HOw a VaPOUR baRRIER 

CONTROLs DIFFUsION OF waTER VaPOUR INTO aND THROUGH a waLL assEMbLy. 

air Leakage 

While vapour diffusion is a relatively slow process which can take 

extended periods to accumulate enough water to be of concern, air 

leakage in wall assemblies can act much more quickly and deposit 

large amounts of water in a short period of time. Air leakage is 

driven by air pressure differences between the interior and exterior 

of a building which can be created by a number of different factors 

including ventilation systems, wind, and the stack effect [created by 

indoor to outdoor temperature differences]. These pressures drive 

air through wall assemblies from the high pressure side to the low 

pressure side. Importantly, air pressure differences are not the same 

as the vapour pressure differences which drive vapour diffusion.

To control air leakage in building enclosure assemblies like walls, 

an air barrier is installed. Unlike diffusion, air leakage is not typically 

governed by material properties of this air barrier. Instead, air leak-

age most often occurs at discontinuities and interfaces [i.e. holes] in 

the air barrier. Consequently, prevention of air leakage depends pri-

marily on detailing, material compatibilities, and quality control dur-

ing both the design and construction process. Notably, air leakage 

can bypass the vapour barrier and consequently is an independent 

phenomenon from vapour diffusion.

When air leakage does occur, it can carry moisture with it, and if 

this air then comes in con-tact with a surface that is below the dew 

point temperature of the air, condensation can occur. The dew point 

temperature is the temperature at which the air is 100% saturated 

with moisture, and consequently if the air is cooled below this tem-

perature, it can no longer hold all of the moisture it contains and it 

will deposit the moisture on these colder surfaces. Condensation 

from air leakage can deposit significant amounts of moisture within 

a wall and potentially lead to fungal growth and/or degradation. FIGURE 4: sCHEMaTIC waLL sECTION sHOwING HOw VENTILaTING bEHIND aN 

IMPERMEabLE CLaDDING CaN FaCILITaTE DRyING.

stud Cavity Insulated walls 

In cold climates, walls which are insulated only within the stud cav-

ity provide vapour control with a vapour retarder on the interior side 

of the assembly. This is often provided using a polyethylene sheet 

vapour barrier, though other options such as vapour barrier paint, 

kraft paper, and smart vapour retarder products are also used. This 

interior vapour retarder limits the diffusion of moisture through the 

wall assembly towards the exterior. 

Outward vapour diffusion drying can still occur from within the 

wall cavity to the exterior through the vapour permeable sheath-

ing, membrane, and cladding. If this vapour retarder is not provided, 

vapour could diffuse from the interior towards the exterior. As the 

temperature drops across the insulation, for the same absolute 

humidity level [moisture] within the air, the relative humidity [RH] 

will increase, and when it comes in contact with a cold surface [below 

the dew point temperature], water can condense within the assembly. 

Most commonly this occurs on the interior face of the exterior wall 

sheathing. Even where condensation does not form, high RH levels 

are conducive to fungal growth on building materials, so it is ideal to 

keep the RH below 80% the vast majority of the time.

For comparison with the previous scenario, consider a stud insu-

lated wall assembly in a cold climate with a vapour retarder material 

installed on the exterior side of the insulation under wintertime condi-

tions. Vapour diffusion in this scenario occurs from the interior to the 

exterior; however, moisture is prevented from diffusing outwards and 

will accumulate in the form of condensation, leading to damage. This 

is an example of what can happen when a vapour barrier is installed 

on the wrong side of an assembly. The vapour barrier in this scenario 

could be created by the wrong type of sheathing membrane, the 

use of excessive self-adhered bituminous membrane application at 

penetrations and details, or the installation of a vapour impermeable 

cladding such as fibre cement panel, glass cladding, or metal siding. 

A straightforward way to address vapour impermeable claddings is 

to provide an airspace and ventilation behind the cladding so that air-

flow from the outdoors will remove moisture deposited on the clad-

ding by outward vapour diffusion. As many commercial claddings 

are impermeable [i.e. metal, concrete veneer, etc], this is commonly 

achieved by the construction of a drained and ventilated rainscreen 

cavity. Venting of an impermeable cladding is illustrated in Figure 4.

FIGURE 2: sCHEMaTIC OF waLL assEMbLy sHOwING HOw a DIsCONTINUITy IN 

THE aIR baRRIER CaN aLLOw sIGNIFICaNT aMOUNTs OF RELaTIVELy MOIsT 

aIR TO ENTER a waLL assEMbLy aND CONDENsE ON COLDER sURFaCEs sUCH 

as THE baCk OF THE ExTERIOR sHEaTHING.

Location of Vapour Retarders 

While vapour retarders can be used to control vapour diffusion 

and consequently prevent condensation, installation of these types 

of materials at the wrong location within an assembly can also cause 

significant moisture problems. Typically, there are two conditions that 

can be created which are detrimental: wrong side vapour retarders, 

and double vapour retarders.

Wrong side vapour retarders refers to when a vapour retarder is 

placed on the low vapour pressure side [typically the cold side] of a 

wall assembly. Locating a vapour retarder in this way restricts vapour 

diffusion through the wall and creates a potential condensing plane 

within the wall assembly.

Double vapour retarders refers to when a vapour retarder is 

installed at two different locations in an assembly such that any 

moisture which manages to get between them is unable to dry 

effectively. When the materials between the vapour retarders are 

moisture sensitive, this trapped moisture can potentially lead to 

damage. Moisture between the vapour retarders may be the result 

of air leakage, rainwater ingress, or built-in construction mois-

ture. Figure 3 illustrates schematic wrong side and double vapour 

retarder situations.

Wrong Side Vapour Retarder

Double Vapour Retarder

FIGURE 3: sCHEMaTIC waLL sECTIONs sHOwING HOw a wRONG sIDE VaPOUR 

RETaRDER CaN LEaD TO MOIsTURE aCCUMULaTION [LEFT], aND HOw a 

DOUbLE VaPOUR RETaRDER CaN TRaP MOIsTURE wITHIN a waLL assEMbLy 

aND LIMIT DRyING.
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FIGURE 5: sCHEMaTIC waLL sECTION sHOwING HOw aN IMPERMEabLE 

sHEaTHING MEMbRaNE CaN CONTROL VaPOUR DIFFUsION FOR aN ExTERIOR 

INsULaTED waLL. NOTE THaT THE sTRUCTURE Is ENTIRELy ON THE waRM sIDE 

OF THE INsULaTION.

FIGURE 6: sCHEMaTIC waLL sECTION sHOwING HOw, IN a COLD CLIMaTE, IF 

waRM HUMID INTERIOR aIR wERE TO LEak THROUGH aN ExTERIOR INsULaTED 

assEMbLy, IT Is UNLIkELy TO CONDENsE ON aNy MOIsTURE sENsITIVE sURFaC-

Es INbOaRD OF THE INsULaTION. INsTEaD, IT wILL CONDENsE ON ExTERIOR 

MaTERIaLs sUCH as THE CLaDDING, aND THEsE MaTERIaLs aRE DURabLE TO 

wETTING. ONE NOTabLE ExCEPTION TO THIs Is wHEN THE ExTERIOR TEMPERa-

TURE Is bELOw FREEzING. IN THIs CasE, LEakaGE OF INTERIOR aIR TO THE 

ExTERIOR CaN CREaTE sUbsTaNTIaL ICE bUILD-UP ON COLD sURFaCEs sUCH 

as THE CLaDDING, aND THIs ICE May DaMaGE THE assEMbLy.
Exterior Insulated wall assemblies 

Exterior insulation is often considered an effective way of achiev-

ing highly insulated wall as-semblies, and can substantially reduce 

thermal bridging. In addition to these thermal benefits, exterior 

insulation can also provide a robust assembly with respect to vapour 

diffusion and condensation.

The use of exterior insulation changes the temperature profile 

through the wall assembly and consequently the back-up wall, be it 

sheathed steel stud, concrete, or CMU, is maintained relatively close 

to interior conditions. Additionally, since typically a sheathing mem-

brane is applied to the back-up wall behind the insulation in these 

assemblies, moisture sensitive materials are generally all located on 

the interior side of the insulation and sheathing membrane where they 

remain both warm and dry, resulting in a very durable wall assembly.

Figure 5 shows how in cold climates, a vapour impermeable 

sheathing membrane can be used to control vapour diffusion through 

these wall assemblies.

An important aspect of exterior insulated walls, is that their design 

makes them highly durable with respect to condensation due to air 

leakage. While air leakage in a stud cavity insulated wall can often lead 

to damage, this risk is substantially reduced in an exterior insulated 

assembly. Figure 6 illustrates an exterior insulated wall where air leak-

age occurs.

split Insulated wall assemblies 

In some cases it can be advantageous to use split insulated wall 

assemblies; that is, assemblies where insulation is provided both in 

the stud cavity and on the exterior of the sheathing [or less com-

monly as the sheathing itself in commercial buildings]. Usually these 

are used as they can provide the necessary R-value in a relatively 

compact [i.e. thinner] assembly. As one might guess, these walls 

essentially provide a mixture of the performance of stud cavity insu-

lated and exterior insulated wall assembly, but there are a number of 

important considerations.

In a split-insulated assembly, the more insulation placed outboard 

of the sheathing compared to the insulation within the stud cavity, 

the closer to interior conditions the sheathing will be, and conse-

quently the closer these walls will be to exterior insulated walls. 

This concept is often expressed in terms of a nominal outboard to 

total insulation ratio. For example if R-6 of rigid insulation is placed 

outboard of R-14 batt insulation within the stud space for a total in-

sulation amount of R-20 nominal, the approximate ratio is 30% [or 

3:10] of outboard insulation excluding other materials. Overall, the 

lower this ratio, the closer the performance will be to an insulated 

stud wall, and the higher the ratio, the closer the performance will be 

to an exterior insulated wall.

Given that split-insulated walls fall somewhere between insulated 

stud wall and exterior insulated walls with respect to performance, 

there are important considerations with respect to vapour diffusion. 

Generally, the exterior insulation will keep the sheathing closer to 

interior conditions, but if it is a relatively small fraction of the overall 

insulation in the wall, the sheathing will still operate at conditions 

similar to the exterior. In this situation, the vapour permeability of the 

insulation should be considered.  u
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ExTERIOR INsULaTION Is aN EFFECTIVE way OF aCHIEVING HIGHLy INsULaTED 

waLL assEMbLIEs, aND CaN sUbsTaNTIaLLy REDUCE THERMaL bRIDGING aND 

VaPOUR DIFFUsION [2]. [PHOTO COURTEsy RDH]


