
Welcome to this continuing education seminar. This is the first of three parts of the 
Building Enclosure Fundamentals series.
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The primary reasons to build airtight buildings are to avoid drafts and air leakage 
condensation problems. HVAC systems work much better in airtight buildings, and the 
supply of fresh air has a lot of advantages. 
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When moist air comes in contact with a cool surface, condensation occurs. For building 
enclosures, this happens on cold outside surfaces in winter and cool inside surfaces in 
summer. Hence, in winter, we are concerned with humid indoor air leaking outward, 
while in the summer, we are concerned with humid outdoor air leaking inward. Both 
conditions have been found to cause material damage and mold growth in buildings.
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Moisture moves through diffusion from higher to lower vapor pressure. 

Moisture moves through air transport from higher to lower air pressure. 

11



Air moves more vapor than diffusion. 

This analysis shows the condensation predicted for a wall without a vapor barrier 
compared to a wall with a small 1-inch hole during severe winter conditions. The wall 
without the vapor barrier is shown to transport 2.4 cups of moisture per month.

Below is the analysis for air leakage through a small hole, say around a poorly sealed 
electrical outlet. Forty times as much water condenses. This is why condensation 
problems seen in the field are so much more often related to air leakage than to vapor 
diffusion.
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Fresh air from air leakage is not as fresh as it is from an HVAC system. This is because 
leaked air can be polluted with car exhaust, mold, radon gas, and neighbors’ used air.
Only with a designed and controlled fresh air supply is it ensured that the air that 
comes into the building is fresh. 



Uncontrolled air convection can cause dry and cold drafts in the winter and excessive 
humidity in the summer. 



With mechanical ventilation, energy-efficient measures are achievable, like controlling 
the amount and timing of the ventilation, and used exhaust air can preheat fresh air 
with energy-recovery technologies.





Managing air leakage combined with increased insulation means that heating and 
cooling demand will be lower, making energy-efficient HVAC affordable and allowing 
smaller, more efficient units to be used.



What if you are afraid to rely on HVAC? For example, what happens if the HVAC system 
fails? 

HVAC systems may not work for many reasons, including loss of electrical power, poor 
design, poor installation, or changing use of spaces. Air leakage is not an appropriate 
way of addressing the need for fresh air due to the problems we just discussed. 
Operable windows can present their own issues but are the appropriate redundancy 
measure. They also have the added bonus that most occupants will want operable 
windows.
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For airflow to occur, there must be a driving force or pressure and an air-leakage path. It 
takes a pressure difference and a hole to have airflow or leakage.
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The driving forces of air leakage are: wind loads; thermal air lift, called stack effect or 
chimney effect; and the combustion for heat or ventilation.
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Taller buildings usually see higher wind pressures. 

A low building gets wind loads of up to 20 Pascal but a tall building can get wind loads 
of up to 200 Pascal or more. 

The higher the temperature difference and the higher the building, the greater the 
impact of the stack effect.

The HVAC system has an influence on airflow, depending on the design and operation. 
Each may affect the other.



There are some strategies to reduce driving forces, but one cannot eliminate them.

Sheltering the building with trees or other structures or hills would lessen wind loads. 
Compartmentalizing every floor would reduce the stack effect. Balance the HVAC 
pressurization with a relief air supplies and exhaust.
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Whether a building is positively pressurized (blows) or negatively pressurized (sucks) 
will affect thermal bridging.
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Note the changing cold spots.
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In a smoke test, the areas of leakage or unintentional openings become quite apparent.
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This graph shows the locations where leaks are most likely to occur. The greatest 
number of leaks are at wall roof transitions and through mechanical penetrations. 
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Use barrier to block air leakage paths in a system.

The requirement for an effective air-barrier system are that the system is continuous, 
strong, durable, stiff, and correctly located. 

The air impermeability of the membrane itself is considered least important because 
most air-barrier materials are air impermeable. What counts is that the entire system is 
designed and installed in an airtight manner, which can only be achieved through 
continuity.



An air barrier can be located anywhere in the wall system. However, it should be 
installed at the location where it is most easily made continuous. In general, it is most 
easily made continuous when installed to the exterior of the wall rather than to the 
interior, where there are many more details to manage.
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There are two general approaches for where to locate the air-barrier system. But 
whether the system is located on the interior or exterior, continuity is key.
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Because buildings today tend to be quite complex, often the only solution is to use an 
exterior air-barrier approach.
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Air-barrier strength and durability are important because the system is not easy to 
replace and must withstand wind loads and be durable through construction and the 
service life of the building.



Unsupported flexible air barriers can billow in the wind, leading to air-pumping and air-
barrier damage by not only allowing air movement paths but also driving the air 
through them. Therefore, stiffness is very important to minimize this.



There are different requirements for the material and its components as well as for the 
entire building. 

The requirement for the materials is 0.02 liters per second per square meters at 75 
Pascal pressure differential. 

The requirement for components is 0.2 liters per second per square meters at 75 Pascal 
pressure differential. 

The requirement for the building (or system) is 2 liters per second per square meters at 
75 Pascal pressure differential. 

System performance is most important because that is the performance of the building.



The air-barrier in the perfect wall approach is best located outside of the structure 
between the wall sheathing and protected through the exterior insulation.
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Another good reason for an external air barrier is to avoid the reduction of R-value of 
the insulation by wind washing.
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But even in an airtight wall cavity, convection can happen.
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To assure quality for air-barrier systems, three things are necessary: the air-barrier 
system should be properly designed, inspected, and tested.
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A comparison of air-barrier system performances showed that the sheet-applied 
systems, tested on 28 buildings, were the tightest of all tested air-barrier systems.
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Every detail should be addressed and follow the same approach as the whole assembly. 
The red circles represent critical transition areas often not fully detailed by the designer, 
leaving it to the contractor to guess, and representing areas that then risk failure.
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The transition details between wall and roof assemblies are always critical. Continuity is 
the key and should be addressed properly as shown on this detail.
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Windows are part of the air-barrier system. As shown on this detail, the air-barrier 
system is connected to the window frame in an airtight and watertight way. The 
window becomes part of the water-resistive barrier. Therefore, it is also connected to a 
drip edge through a through-wall flashing membrane.
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Best practice for pipe penetrations is to use a flexible membrane to ensure an easy 
installation with airtightness and watertightness.
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Part of the inspection is the confirmation of the proper materials and assemblies as 
well as the construction sequence and visual confirmation of the air barrier system 
continuity. 

The testing of a mockup wall is common for mid-size and large buildings. This forms the 
basis of understanding for all parties as to the expectations.

The smoke test is used to make even the smallest leaky spots visible and ensure quality. 

The movement is toward whole building testing.



Airtightness requirements are evolving.

The IECC and the IRC are likely to require testing for residential buildings measured at 

50 Pascal. 

The new targets according to the GSA and Army Corps for commercial buildings are 0.4 

and 0.25 cubic feet per minute per square foot at 75 Pascal, respectively.



Infrared photography can be used to make leaks visible.
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The smoke test is also a good method to make leaks visible.
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Whole-building testing should include a clear objective, a diagnosis of the problem if 
any occur, location of leaks, count of leaky spots, and the structural integrity or 
watertightness. To capture the results, testing protocols should be created.



Whole-building airtightness is tested with a blower door test. 

A big fan to depressurize (blow out) or pressurized (suck in) air is installed into the main 
door of the building.
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Here is an external view of a blower door testing system.
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All enclosure openings, including mechanical openings, must be sealed to properly test 
the enclosure.
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All interior doors should be opened to allow airflow inside the building. 
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This concludes the American Institute of Architects Continuing Education Systems 
Course.

Thank you for completing this educational course by Dörken Systems. 

Dörken Systems is the first to have Health Product Declaration (HPD) v2.0 or HPD with 
LEED v4 for our air-barrier systems; the first air- and moisture-barrier 
manufacturer to provide files for AutoDesk Revit; and our data is available on BSD 
SpecLink™-E and Avitru MasterSpec™ software platforms.
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