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Background

� Water, in liquid, vapour or solid form, is the 
major cause of building material deterioration.

� Interstitial condensation can contribute 
significantly to water accumulation in wall 
assemblies.

� Successful building design requires an 
understanding of moisture movement in bldg 
assemblies and techniques for managing 
moisture.
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Background cont ’d

� Bldg designers may attempt to manage 
condensation in exterior walls by means of a 
single element.

� Is it the thermal insulation? Is it ABS? Is it the VB? 
Is it none of these element? (like 50 years ago).

� Research shows that no single material or system 
on its own will prevent excessive moisture 
accumulation within wall assemblies.
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Background cont ’d

� Rather, effective moisture management 

comes controlling heat, air and moisture 

transport (HAM) through the careful choice 

of materials properties.

� Failure to manage the transport of heat, air 

and Moisture across the wall assembly 

can cause problems.
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Stepping Back to Spring Forw ard*

� The energy crisis in the 70’s had major effect on our 
bldg technology related to energy efficiency.

– In the late 70’s much more thermal insulation was placed in exterior 
walls, and need for a corresponding increase in airtightness had 
started to get recognition.

– However, most emphasis was still on the need for Vapor diffusion 
control and vapor barriers were much emphasized in the industry.

– Electrically heated houses with no chimney became more common.

– This shift affected the air pressure gradient across the wall and 
ceilings and the direction of airflow.

– BE is now more susceptible to air exfiltration through existing holes 
and imperfections in the walls.

* Historical development by M. Z. Rousseau (formerly IRC, retired)

In the last 40 years, there have been major change in the way the buildings are designed, built and operated in Canada
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Stepping Back to Spring Forw ard cont ’d

� The 80’s saw increased emphasis on the 

importance of air movement as the primary 

mechanism of moisture transfer across the BE.

– Requirements, performance evaluation and assessment for 

air leakage control were the subject of ≠ research (i.e. IRC, 

CMHC)

– Innovative approaches were introduced in the market for 

airtightness of  “material” and “system”, i.e. Airtight Drywall 

Approach (ADA)
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Stepping Back to Spring Forw ard cont ’d

� In the 90’s it was recognized that a systematic 

approach to the evaluation and assessment of 

ABS was required.

– This work was carried out at the NRCC’s CCMC.

– The issue of the location of the ABS in relation to the 

thermal insulation and the distribution of vapor 

permeances across the wall assemblies was addressed 

as well.
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Stepping Back to Spring Forw ard cont ’d

� From the late 90’s up to now, research showed that 

major failures of exterior walls in Canadian low-rise 

housing were mostly attributed to rain penetration 

resulting from faulty detailing, not condensation of indoor 

moisture and air leakage.

� Despite advances in BS, the introduction of new and 

innovative materials and systems, increasing 

expectations of building occupants and new architectural 

design for BEs create challenging issues of 

condensation control for builders, regulators, design 

professionals and bldg managers.
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T he Wall as an Environmental Separator

Poor control of Heat, Air and Moisture flows across the 

wall =  poor performance, shortened service life

COLD
DRAUGHTY

TOO DRY

ENERGY BILL TOO HIGH

NOISY
SMELLY

$$$ to repair
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Back to Basics

Going back to basic building science
principals to analyze the situations can
be of great assistance in evaluating the
available design options
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Four conditions need to be in place 
simultaneously for water vapour to 
condense within a wall assembly: 

Water vapour in the air, a force to move 
that water vapour through a path of least 
resistance to a location at a “cold enough” 
temperature for that moisture to condense.

Factors that  affect  interst it ia l  Condensat ion
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Factors that  affect  interst it ia l  Condensat ion

Moisture 
(vapour)

Travel PathForces
A Differential …

Temperature 
gradient

Climates (wind, 
temperature) and 

HVAC

Climates;
thermal properties 
of materials & 
assemblies

(Indoor, outdoor, 
construction) 

Vapour and air 
permeance 

of materials & 
assemblies
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Moisture (Vapour)

Travel Path
“Through & between, 
materials

Forces
A Differential …

Temperature Gradient

Vapour Diffusion

Air Movement

Factors that  affect  interst it ia l  Condensat ion
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Moisture Diffusion

The driving forces:

Vapour pressure differential

� Moisture content in air

The path of resistance:

� Vapour permeance of materials 

� (ng/Pa•s•m2) for a given 
thickness of material

Lower Vapour 
Pressure Outdoors

Higher Vapour 
Pressure Indoors

COLD CLIMATE
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Requirements for Vapour Barrier (VB)

To minimize moisture accumulation in the
wall assemblies due to vapour diffusion, a
material of low vapour permeance must be
placed on the warm side of the assembly and
be designated as the VB of the assembly.
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Requirements for Vapour Barrier (VB) 

(Cont ’d)

Material of low vapour permeance

– Polyethylene sheet; glass and metals, foil-faced materials,

– Extruded polystyrene (25 mm) = 23-92 ng/(Pa•s•m2)

– OSB*  (11 mm) = 44 ng/(Pa•s•m2)

– Plywood* (6.4 mm) = 23-74 ng/(Pa•s•m2)

Location: warm side of the assembly

VB does not need to be sealed

*) although Code allows up 12.5 mm wood‐based sheathing, the code waived the requirements for insulation 

*) although Code allows up 12.5 mm wood-based sheathing, the code waived the requirements for insulation. Since there is no evidence of condensation, no need to insulate; Temperature is above the dewpoint.  (Material) Less than 60 ng and less 0.1 L/s.m2
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Air Movement

Air movement is related to the ability of a 
material or an assembly to provide a path 
for airflow (i.e. defined by its air permeance 
in L/s•m2 at reference pressure 75 Pa) 
when an air pressure difference acts 
across it.
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Air Leakage

The driving forces:

� Air pressure differential

The resistance: 

� Air permeance of materials

� Openings

Pout < Pin

Types of air flow

L/s�m2 at 75 Pa
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Air leakage versus vapour diffusion

Air leakage is the most significant water 

vapour transport mechanism 

into concealed spaces
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Requirements for Air Barrier System (ABS)

“… The only requirement for houses and small bldgs (Part 
9) is that the ABS provide “An effective barrier to air 
infiltration and exfiltration  under differential air pressure 
due to stack effect, mechanical systems and wind .””

See AB guide document 1997 from Bruno

It is a SYSTEM made of SEVERAL materials over the 
building envelope

� Materials of low air permeance

� Rigid assembly, for small deformations

� Structural strength, to sustain wind loads
� Most challenging: Continuity at joints and interfaces.  
Look for the holes…
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Air Permeance of  AB Materia ls

Low air permeance Max 0.02 L/(s•m2) at 75 Pa

� Aluminum foil, polyethylene sheet (negligible), 

� Polymer based sheathing membranes qualified as a AB 
(i.e. Typar, Tyvek, etc) < 0.02

� Gypsum board (0.02)

� Plywood (0.008), OSB (0.01)

� 25 mm extruded polystyrene (negligible)
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Structural Requirements for the AB 

System

Must sustain and transfer 100% of the 
wind loads to the structure 

� without damage to itself or to adjacent materials and,

� without much increase in system air leakage

Limited deflection (to avoid adding to other 
element such cladding)

EX: the airtight element of the air barrier system may 
be a flexible membrane supported by rigid materials



NRC‐IRC    Building Envelope & Structure Program

Quantitat ive Requirements for AB 

System

…Air leakage must be controlled to a level where 
the occurrence of condensation has 
to be sufficiently rare, quantities sufficiently 
small, drying sufficiently rapid to avoid material 
deterioration and growth of mould and fungi. NBC 

Appendix A 9.25.3.1

Evaluation Guide for Evaluation of Air Barrier 
Systems for Exterior Walls of Low‐Rise Buildings, by 
NRC Canadian Construction  Materials Centre 
(CCMC)
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Airt ightness of  the AB System
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Continuity of  the ABS

Clear design intent:

What wall materials are to act as the ABS, the 

airtight element, the rigidity, etc. 

How to carry these properties all over the 

building enclosure?

Provide workable detailing of all junctions.

Validate buildability

Convey the objective to the trades, with mock-up, 

and figure out the sequencing of trades.  

Quality control on site at critical stages
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Locat ion of  Air Barrier System

The principal plane of airtightness of the ABS 
Could be almost anywhere …

Depends on the vapour permeance of  the main 
materials  

�When ABS main material has low vapour 
permeance, maintain it above dew point  
temperature of indoor air.                     

�Need for thermal insulation on the outside 
of ABS main material
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Air Barrier System on the Inside

EXT. INT.

Air Barrier Element

� ABS is warm and dry

� May combine ABS and VB

� Easy to inspect and repair

� Can be damaged during 
service life
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Tradit ional pract ice
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Air Barrier System on the Exterior of  the Stud 
Cavity

EXT. INT.

Air barrier element: a sheathing board, a rigid 
insulation system or a qualified sheathing 
membrane (< 0.02)

� Cannot be inspected and repaired  easily, 
so need for extended  durability
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CCMC-evaluated Air Barrier Systems

AB Systems

� Two insulation-based systems for placement on 
the exterior of the stud cavity 

oExtruded polystyrene (OC); 

oSpray-in-place polyurethane system (BASF)

� Examined the material and system requirements

AB Materials

� Several breather-type sheathing membranes 
Examined the air permeance, but no system 
performance (e.g. the effect of fasteners or 
structural capability)
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Closing Remarks – Building Forgiving Walls

“Moisture got in the wall, and could not get out…”

1st and foremost: Minimize moisture entry

� Get an effective air barrier system (continuous), 

and a vapour barrier

� Outermost layer should be breathable (Air and 

Vapour) 

� If not breathable, maintain materials of low air & 

vapour permeance above dew point, or on the 

exterior of a vented cavity
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Then, maximize moisture evacuation outdoors

� Drainage of condensate accumulating in a stud 

cavity?  Unlikely…

� Evaporation

Add a vented air space on the exterior and more 

vapour permeable materials on the exterior

Design and Build to accommodate imperfections 

in construction. What if….

Closing Remarks – Building Forgiving Walls 
cont ’d 
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FAQ on VB and ABS

Q. Can an airtight element of the ABS be 

different than the designated VB?
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FAQ on VB and ABS (Cont’d)

Q. Can an airtight element of the ABS be 

different than the designated VB?

A. Yes.  Here are some examples: gypsum 

wallboard and spun-bonded polyolefin 

membranes
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FAQ on VB and ABS (Cont’d)

Q. Can the designated VB be part of an ABS?
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FAQ on VB and ABS (Cont’d)

Q. Can the designated VB be part of an ABS?

A. Yes.  Examples: Foil-back gypsum board, 

polyethylene sheet, glass and metal, and 

elastomeric membranes
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FAQ on VB and ABS (Cont’d)

Q. Is it a problem to have an AB element with 

low vapour permeance?
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FAQ on VB and ABS (Cont’d)

Q. Is it a problem to have an AB element with 

low vapour permeance?

A. Not if its interior face is maintained above 

the dew point of indoor air.
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Discussion

Thank you

Contact information:
Wahid.Maref@nrc-cnrc.gc.ca
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