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A
ir barriers are a relatively new 
term to most individuals in 
the U.S. market, even though 
the materials and technology 
have been around for 
decades. Actually, air barriers 

have been used since the very first building 
was constructed. 

The purpose of the building 
enclosure (commonly known as the 
building envelope) is to separate two 
different environments. Whether 
they are at work, at home, or any­
where else, people want the environ­
mental conditions around them at 
levels where they feel comfortable 
and can be productive. They want it 
warm enough but not too warm; cool 
enough but not too cool. Also, the 
environment should not be too 
humid or too dry. 

Air barriers and building air­
tightness must be viewed in a “build­
ing as a system” approach and in 
consideration with the other func­
tions of the building enclosure. This 
includes the use and function of liq­
uid water barriers, water vapor bar­
riers, and heat barriers (thermal 
insulation). Liquid water must be 
the design professional’s first con­
cern. In order to facilitate this, we 
must install roofs, eaves, flashings, 
water-resistive barriers, etc. All 
these components are designed to 

keep liquid water out of the building. 
Once liquid water is addressed, the next 

concern for the design professional should 
be air barriers. Air barriers are more impor­
tant than vapor barriers or heat barriers. 
Common sense calls for designers to 
address water, water vapor, air, and heat 
transfer all at once. 

Design professionals who incorporate 
air barriers into their building must keep in 
mind that many materials provide more 
than one function. You could have a mater­
ial that provides an air barrier function, a 
vapor retarder function, a radiant heat bar­
rier, a water-resistive barrier, or combina­
tions of these functions. 

The exterior enclosure (envelope) separates the exterior environment from the internal environment. 
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The Building Science of Air 
Barriers 

Nature wants everything 
to be balanced. Heat flows 
from hot to cold, moisture 
from wet to dry, and air from 
high pressure to low pressure, 
until everything is balanced or 
has equalized. When we put 
up a barrier in the building 
enclosure to create a different 
environment, nature exerts a 
force on the building enclo­
sure. We then put mechanical 
equipment and occupants 
into the building. This adds 
an additional level of force or 
pressure exerted to the build­
ing enclosure. The building enclosure must resist the pressures exerted by both the exterior and interior environment. 

The building enclosure (Courtesy of the National Research Council.) 
must be designed to resist the 
forces generated on it from 
both the exterior and the interior. Wind, 
solar radiation, night sky radiation, and 
rain all exert forces against the building 
enclosure from the outside. People, 
mechanical equipment, stack effect, flue 
effect, and ventilation effect all exert forces 
from the interior. The interior forces can 
either act against or act with the exterior 
forces. These forces vary from day to day, 
hour to hour, and in some cases, minute by 
minute. 

There currently is a lot of confusion 
relating to the function of air and vapor bar­
riers. Simply put, a vapor barrier is intend­
ed to stop moisture transport by diffusion; 
that is, moisture movement of water mole­
cules physically working their way through 
a material. For the most part, this is a slow 
and tedious process. An air barrier, on the 
other hand, is intended to stop or retard air 

flow. Where some of the confusion may lie is 
in the fact that air has the ability to carry 
water vapor and transport it through holes, 
cracks, and so forth in the building. 
Estimates on the relationship of water 
transport by diffusion vs. air transport have 
indicated that air transport can carry 
between 60 to 100 times more moisture 
than by diffusion alone. 

Many times, individuals will discuss the 
need for a vapor barrier, but as soon as 
someone starts to talk about holes, sealing, 
or anything along that line, typically they 
are no longer talking about a vapor barrier, 
but rather an air barrier. When a vapor bar­
rier is damaged, repairs are needed, but 
typically this is not as much of a concern as 
having a hole or defect in the air barrier. As 
one increases or decreases the size of a hole 
in a vapor barrier, one simply has a differ­

ent water vapor transmis­
sion rate for the area of the 
hole. Conversely, in an air 
barrier, as the size of the 
hole is decreased, the veloci­
ty of the air passing through 
that hole increases. This is 
due to the fact that the air is 
moving the same amount of 
volume through a now small­
er hole. Therefore, having a 
hole in a vapor barrier does 
not have the same impact as 
a hole in an air barrier. 

Also adding to the confu­
sion is that many materials 
can provide more than one 
function in the building 

enclosure. There are materials that are air 
barriers; air and vapor barriers; and air, 
vapor, and heat barriers. Sometimes, mate­
rials used with the building enclosure may 
possess these characteristics but actually 
are not intended nor designed to provide 
more than one function. For example, dry­
wall is an air barrier and can be used with­
in a wall assembly. Although it is an air bar­
rier, it may serve no other purpose than to 
provide a substrate for other materials on 
the exterior or a surface that can be used to 
provide interior finishing on the inside of a 
building. The designer needs to identify 
which materials provide the air barrier 
function in their wall assembly and ensure 
that he or she can trace a line of airtight­
ness through the assembly. 

It is recommended that when a building 
is designed, the design professional should 
first go back to the basics of understanding 
heat flow, water flow, and air flow in their 
simplest form. Once that is achieved, a 
designer can move onto looking at the com­
posite effect of these dynamic flows. If the 
designer understands the basics, then com­
bining the functions becomes much easier 
and much more practical. 

The physics and science of buildings 
and building enclosures do not change, no 
matter where the building is constructed. 
The climate may be dry and cold, hot and 
humid, or anywhere in between. The details 
of what materials to use, how to install 
them, and where they are installed within 
the building enclosure need to be carefully 
reviewed based on the environment in 
which the building will ultimately operate. 
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Example of moisture transport by air vs. moisture 
transport by diffusion over a heating season. 
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Energy Savings 
It takes energy to con­

dition the air in buildings, 
whether heating or cool­
ing is taking place. Most 
individuals are aware of 
the increase in the cost of 
oil. Although oil is not a 
major energy source for 
the heating or cooling of 
buildings, the cost of nat­
ural gas and electricity 
has historically followed 
the cost of oil. Most elec­
tricity comes from coal, 
but the majority of the 
new generation of elec­
tricity is using natural 
gas as the fuel source. No 
matter what the energy 
source, most people agree 
that energy costs will be 
increasing and will 
remain high. 

The National Institute 
of Standards and Tech­
nology (NIST) has com­
pleted a study to deter­
mine the cost effective­

Cost/benefit analysis study on the cost effectiveness of 
including air barriers in building enclosure systems. 

ness of installing air bar­
riers in buildings. The study can be found 
at http://fire.nist.gov/bfrlpubs/ build05/ 
PDF/b05007.pdf. The report states, 
“Despite common assumptions that enve­
lope air leakage is not significant in office 
and other commercial buildings, measure­
ments have shown that these buildings are 
subject to larger infiltration rates than com­
monly believed. Infiltration in commercial 
buildings can have 
many negative 
c o n s e q u e n c e s ,  
including reduced 
thermal comfort, 
interference with 
the proper opera­
tion of mechanical 
ventilation sys­
tems, degraded 
indoor air quality, 
moisture damage 
of building enve­
lope components, 

costs has a potential gas savings of greater 
than 40% and potential electrical savings of 
greater than 25% compared to a baseline 
case. 

Very simply, for the energy savings 
alone, it is cost 
effective to install 
an air barrier into 
a building. 

and increased en- Building façade distress due to 
ergy consump- uncontrolled air leakage from the interior of 
tion.” The report a building in a cold climate. 
goes on to say that 
the reduction in 
energy consump-

Complete Building Performance 
The benefits of including an air barrier 

in a building go beyond simply saving 
money. By having an airtight building 
enclosure, the sizing of the mechanical 
equipment can be reduced, as the equip­
ment will not have to make up for air that 
has infiltrated or exfiltrated the building. In 
some cases, the cost savings on the equip­
ment side alone can offset the cost of 
adding an air barrier system to a building. 

With an airtight building, the mechani­
cal equipment can work as intended and 
deliver the conditioned air to where the 
occupants are, resulting in making the 
occupants more comfortable. Indoor air 
quality will also be improved as the 
exchange of air in the building will be more 
precise. The bottom line is that an air bar­
rier helps the building to perform as intend­
ed. 

If the thermal insulation used in a 
building is not in itself an air barrier, then 
the air barrier will help the thermal insula­
tion perform better. When air leakage 
occurs through an air permeable insula­
tion, the value of the insulation may be 
severely reduced. 

Moisture and Durability Issues 
In climates where there is a difference in 

temperature between the two environments, 
there is the possibility of moist warm air 
moving by air transport through the build­
ing enclosure, which would cause the moist 

tion and operating Exterior sheathing damage from excess moisture in wall assembly. 
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air temperature to drop to its dewpoint. 
This can be warm, humid air from the 

outside infiltrating into the building from 
the exterior. It could also be warm, moist air 
inside the building exfiltrating from the 
interior to the exterior. 

In either case, when water vapor turns 
to liquid, there is a potential for problems to 
develop. Building materials have varying 
ability to absorb moisture and then release 
it. This is referred to as the “wetting” and 
“drying” of the building enclosure. When the 
“wetting” of the building enclosure lasts for 
a limited time and then the materials dry 

out, it may not produce problems or degra­
dation to the materials. Most buildings are 
constructed to withstand this as a tempo­
rary occurrence. When the “wetting” contin­
ues for a period of time or when there is lim­
ited drying potential, air leakage through 
the building enclosure can cause consider­
able damage. 

Installed Performance is Critical 
It is important that materials used for 

airtightness in a building enclosure have 
low air permeance. Materials considered to 
be air barriers have a maximum air perme­
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ance of 0.02 L/(s·m2) when tested in accor­
dance with ASTM E-2178. 

The installer takes air barrier materials 
and components and installs them in a 
building to form an air barrier assembly. 
These assemblies (wall assembly, roof 
assembly, door/window assembly) all have 
to be connected together to form an air bar­
rier system that completely wraps the entire 
building on all sides. 

However, if the material has a very low 
air permeance and then holes are subse­
quently put through the material, then the 
air will travel through the path of least 
resistance, which in this case will be 
through the holes. As no material can cover 
all six sides of a building without any pene­
trations, it is very important how these pen­
etrations, terminations, and the connec­
tions are made. Whether it is from one 
material to another material or assembly to 
assembly, these are critical areas that must 
be addressed in both the design and instal­
lation of the air barrier assembly. 

There is no easy way around this. The 
skill level of the installer of the air barrier 
materials and components is extremely im­
portant. This includes constructing the air 
barrier assembly and then the connections 
of the different air barrier assemblies 
together. As air barriers are required on all 
six sides of the building, the air barrier 
installation will be done by a number of 
trades. In addition to each installer having 
the proper skills, the different groups of air 
barrier installers, general contractors, and 
others involved in the construction process 
need to keep lines of communication open 
to determine who is responsible for what 
connections and so forth. For example, 
which trade is responsible to connect from 
the roof to the wall, from the wall to the win­
dow, and so on. Continuity of the system is 
critical, and individuals involved in the con­
struction process need to be aware of the 
sequence of construction so proper and 
durable connections can be achieved. 

Quality assurance programs for the site 
installation of air barrier assemblies have 
been developed and are being delivered 
across the U.S. Key principles of the pro­
gram include defining what a proper instal­
lation should be; the training of the installer 
on how to achieve a proper installation; 
then verifying on-site that the installer is 
actually implementing what he or she has 
been trained to do. The biggest issue and a 
key reason for improper installation can be 
attributed to not defining, in advance, how 
the installation should be completed. There 
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Air barrier installers attending ABAA training in both the theory of building science and 
hands-on application of various air barrier materials. 

should be no surprises, and there should be 
no requirements that the installer does not 
know in advance. 

Air Barrier Standards 
Air barrier standards are required to 

provide a balanced approach and to remove 
bias from the project. For standards to be 
developed, agreement must be reached on 
terminology. As an example, discussion 
over the years has included the term air 
barrier vs. air retarder. 

Today the term “barrier” is accepted as 
not meaning absolute, but providing the 
function that is anticipated. Therefore, an 
air barrier is not an air impermeable mate­
rial, but rather any material that has a 
maximum air permeance based on a specif­
ic test procedure. 

New terminology has been developed for 
air barrier materials, components, assem­
blies, and systems. In short, air barrier ma­
terials are the main material used – the 
“big” pieces so to speak. 

Air barrier components are any materi­
als used to join materials or assemblies 
together. 

Air barrier assemblies are defined as a 

combination of air barrier materials and air 
barrier components joined together. Current 
construction terminology uses the term 
“assembly” when describing parts of the 
building (wall assembly, roof assembly, door 
assembly, etc). All of these assemblies come 
together to provide the airtightness of a 
building, so they must be considered by a 
designer. There needs to be consideration 
given to all of the assemblies, with the ulti­
mate goal an airtight building. Air moves 
through the path of least resistance, so when 
the wall assembly is extremely airtight, but 
the windows have an extremely high air 
leakage rate, the air will travel through the 
window, bypassing the wall. 

The air barrier system is the airtight­
ness plane defined throughout the complete 
building enclosure. 

There have been two ASTM test methods 
published to date for the air barrier indus­
try. The first standard developed was ASTM 
E-2178 – Standard Test Method for Air 
Permeance of Building Materials. The sec­
ond standard developed was ASTM E-2357 
– Standard Test Method for Determining Air 
Leakage of Air Barrier Assemblies. 

Work is continuing to develop a com­



plete family of standards, including such 
things as components, installation, inspec­
tion, and a standard for air barrier systems. 

The Future of Air Barriers 
Building airtightness, performance, 

and more energy-efficient buildings are 
here to stay. As we move into the future, 
the issue of effective air leakage control will 
continue to be at the forefront. The move to 
energy efficiency and green buildings will 
continue to embrace the common-sense 
approach of using an air barrier to reduce 

energy use while reducing the building 
owner’s cost to operate the building. 
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