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Abstract 

Now that Washington State has logged more than 5 years with a whole building air leakage testing 
requirement intended to demonstrate building air leakage performance, the local industry has had the 
unique opportunity to gain insight into building performance in aggregate, in a way that not many other 
building communities have. This experience has allowed designers, builders, and owners in our industry 
to digest the realities of the requirements, refine the testing processes, and learn lessons on different air 
barrier design approaches. 

As codes nationally continue to move in the direction of more stringent air barrier requirements, the 
authors of this paper aim to step back and discuss some insights that have been gained through 
experience testing a variety of projects, including numerous midrise, mixed-use, multifamily buildings in 
the Seattle, WA area. 

This paper will discuss some of the background of whole building air leakage testing in Washington 
State, and some of the challenges that have presented. We will also touch on insights that the industry 
has gathered, as it pertains to testing sensitivities and common leakage paths. 

We will finish our discussion with a look at the testing standards and discuss potential revisions to the 
given standards and processes to help better align the test with the intent that drives these 
requirements in the first place. 

Introduction 
Building Air Leakage Testing is a method by which the construction industry measures the degree of 
airtightness in a finished building to validate the performance of an air barrier system. The rate of air 
leakage is typically measured at a reference pressure, often 1.04 lb/ft2 (50 Pa) or 1.57 lb/ft2 (75 Pa) and is 
commonly in units of either cubic feet of air per minute per square foot of enclosure surface area, or by 
air changes per hour at a specific test pressure, depending on the rating system. This is a quantitative test 
that typically uses calibrated fans and follows the procedure set in ASTM E779, Standard Test Method for 
Determining Air Leakage Rate by Fan Pressurization [1].  

The Washington State and Seattle Energy Codes (WSEC and SEC, respectively) mandate that the air 
leakage rate is to be shown in units of volumetric flow of air normalized by square foot of exterior 
enclosure or ft3 of air per ft2 of enclosure at a reference pressure of 1.57 lbs/ft2 (75 Pa); for this paper, we 
will refer to this unit as “CFM/SF@1.57”. Similarly, when discussing air leakage normalized to envelope area 
at other reference pressures, for example, 1.04 lb/ft2 (50 Pa), we will refer to the unit as CFM/SF@1.57 or 
at other reference pressures accordingly.  



WHY TEST 

ASTM E779, section 5 acknowledges the significance of air leakage with regards to space conditioning 
loads and occupant comfort [1]. The benefits of airtightness in the building enclosure (or rather, control of 
air leakage across the enclosure), particularly in cold climates, have been well documented over the last 
several decades in the United States, Canada, and Europe [2]. In building science, air tightness is a baseline 
requirement on which other performance characteristics of the building enclosure are based. Air tightness 
is also tied to occupant comfort, sound attenuation, indoor air quality, control of mechanical system 
setpoints and control of moisture migration and related deterioration. When designed and installed 
appropriately, an air tight building enclosure is a fundamental piece of the larger puzzle for a healthy and 
energy efficient building.  

We should clarify that the control of air leakage in the building enclosure should not be confused with 
ventilation targets of the building in operation. The intent for an air barrier and air tight enclosure is to 
control for the passage of air through unintended portions of the enclosure that are meant to be 
continuous. A healthy building requires a certain amount of ventilation; our argument is that this 
ventilation should occur at intentional and controlled points where the air exchange can be managed and 
conditioned. 

Further discussion on the performance benefits of an air tight building enclosure is not within the scope 
of this paper. Instead this paper intends to document our experience with testing of large buildings in the 
Seattle area through three building code cycles and further intends to discuss some of the lessons learned 
that may be applied to whole building air leakage testing more globally.  

TARGETS 

While our experience shows that the industry is trending towards a consensus that air tightness of the 
building enclosure is generally positive, the devil is always in the details. An uncontrolled air leakage rate 
of 0 is impractical and perhaps not even desirable, so how tight is tight enough? The source of the 0.4 
CFM/SF@1.57 target has been a question for many in the industry.  

There is sporadic data available on testing of large buildings globally that likely helped inform this target. 
Though, the author acknowledges that comparing between sets of data may be difficult because different 
locals and rating systems often use different units and measure leakage at different reference pressures. 
Despite this challenge, a study published in ASHRAE in 2005 found that buildings tested for air leakage in 
the United States, Canada, and Western Europe ranged in tested value between approximately 0.20 
CFM/SF@1.04 the low end to 1.2 CFM/SF@1.04 on the high end[3]. The US Department of Energy, in its Building 
America Program recommend a maximum air leakage of ~0.35 CFM/SF@1.57 (1.65 l/(s-m2)@75 Pa) for 
residential buildings[4]. 

Despite the origin of the initial air leakage target for the WSEC and SEC, the author has found that the 
target value ultimately decided, 0.4 CFM/SF@1.57, is within the range of achievable performance for 
buildings using practical means and commonly available products. This target is within the range 
demonstrated through test shown by the ASHRAE study and more lenient than the recommendation by 
the US Department of Energy. The author also notes that this is leakier than the target air leakage rate of 
0.25 CFM/SF@1.57 that has been mandated and demonstrated by the United States Army Corp of Engineers 



(USACE)[5]. Additionally, the order of magnitude agrees with commonly practiced engineering judgement 
for how air leakage changes as one steps up from materials, to assemblies, to whole building[6]. For 
example, if a material is said to have an air leakage of 0.004 CFM/SF@1.57, an assembly would be expected 
to have an air leakage of no more than 0.04 CFM/SF@1.57 (to account for constructability), by this logic a 
whole building would be expected to have a leakage of no more than 0.4 CFM/SF@1.57 (an order of 
magnitude greater than assemblies to account for constructability). 

REFERENCE CODES 

When introduced in 2009, Washington State 
required building air leakage testing for large 
buildings falling under the commercial energy 
code over 5 stories in height. Seattle took the 
mandate a step further and required testing for all 
buildings falling under the commercial code with a 
target leakage of 0.4 CFM/SF@1.57. The 2009 
commercial energy code went into effect in 2010. 
With the introduction of this code, it is fair to say 
that the new whole building air leakage 
requirement was met with caution and with 
anxiety by many members of the local design and 
construction community who were not previously 
familiar with such requirements. Among their 
primary concerns were 1) whether these types of 
buildings could be built and tested to meet the 
mandated maximum air leakage rate using 
common construction methods and 2) what would 
be the consequence if they did not?  

The city of Seattle, WA is, at the time of this 
publication, now in the third code cycle of 
requiring whole building air leakage testing for 
large buildings and about to enter its third. With 
each code cycle, the testing requirements and 
target values become further refined in the code 
language, but the author finds that there is still 
room for improvement in the process. 

Due to the scope of the test, whole building air 
leakage testing tends to occur quite late in the 
construction process. So, the first buildings to be 
permitted under the 2009 code did not start 
getting tested until near their completion of 

Fig. 1: Compliance Path in 2012 WSEC and SEC. 

Fig. 2: Language from 2012 SEC. underlined text are edits in the 
SEC from the WSEC. 

C402.4.1.2.3 Building test. The completed building shall 
be tested and the air leakage rate of the building 
envelope shall not exceed 0.40 cfm/ft2 at a pressure 
difference of 0.3 inches water gauge (2.0 L/s •m2 at 75 
Pa) at the upper 96 percent confidence interval in 
accordance with ASTM E 779 or an equivalent method 
approved by the code official. A report that includes the 
tested surface area, floor area, air by volume, stories 
above grade, and leakage rates shall be submitted to the 
building owner and the code official.  

The following modification shall be made to ASTM E 
779: 

1. Tests shall be accomplished using either (1) both 
pressurization and depressurization or (2) 
pressurization alone, but not depressurization 
alone. If both pressurization and depressurization 
are not tested, the air leakage shall be plotted 
against the corrected P for pressurization in 
accordance with Section 9.4. 

2. The test pressure range shall be from 25 Ps to 80 
Pa per Section 8.10, but the upper limit shall not 
be less than 50 Pa, and the difference between the 
upper and lower limit shall not be less than 25 Pa. 

3. If the pressure exponent n is less than 0.45 or 
greater than 0.85 per Section 9.6.4, the test shall 
be rerun with additional readings over a longer 
time interval. 

If the tested rate exceeds that defined here, a visual 
inspection of the air barrier shall be conducted and any 
leaks noted shall be sealed to the extent practicable. An 
additional report identifying the corrective actions taken 
to seal air leaks shall be submitted to the building owner 
and the code official and any further requirement to 
meet the leakage air rate will be waived.  

C402.4.1.2 Air barrier compliance options. A continuous 
air barrier for the opaque building envelope shall 
comply with Section C402.4.1.2.3. 



construction in 2010 and 2011. This is when the bulk of our data on testing of non-military buildings 
begins. 

In 2013, the 2012 WSEC and SEC went into effect. The 2012 code changed the wording of the requirement 
quite a bit, clarifying the method of test and clarifying the path to compliance. These changes in wording 
as it pertains to compliance, helped clarify some of the ambiguity surrounding the question “what 
happens if the building does not pass the test?”. Currently, the industry is still largely testing buildings 
under the 2012 code cycle. 

The 2015 WSEC went into effect in 2017, mandating a lower air leakage rate target of 0.3 CFM/SF@1.57. 

THE LOCAL MARKET 

In writing this paper, it is important to describe the nature of 
the buildings market in the Seattle area during the period that 
this testing has been required. As discussed above, mandatory 
whole building air leakage testing was included in the WSEC in 
2009, initially for Commercial Buildings over 5-floors in height. 
The City of Seattle took this a step further, mandating whole 
building air leakage testing for all buildings – in their 
commercial energy code effective 2010.  

During this period of growth in the Seattle area, a large 
number of mid-rise mixed-use buildings were permitted, 
designed, and constructed to keep up with the growing 
population and housing demands of the growing metropolitan 
area. Many of these buildings are 7-stories in height, 
consisting of 5 floors of wood-framed residential construction 
over 2-levels of concrete framed commercial podium. This 
project type represents most of the data included in this 
paper. 

Methodology 

JRS Engineering has provided whole building air leakage testing of large buildings in accordance with the 
procedure outlined in ASTM E779 and further in accordance with the specified revisions set out in the 
code pertinent to project. For this paper, we have limited our findings to projects in the City of Seattle, 
falling under the SEC. 

  

Fig. 2: Example of two mid-rise mixed-use 
buildings in Seattle, WA. 



Results 
In this section we have included a summary of test results from 57 individual tests in the Seattle Area. Our 
paper will focus on these mid-rise mixed-use building types in Seattle, since it forms the largest segment 
of the data set we have available to us at the time of this publication as shown in Figure 4. Note that the 
1-story tests in this data set are often commercial units within the mixed-use buildings or within existing 
buildings. 

 
Fig. 3: Chart showing data set distribution of building stories used in analysis. 

In general, from a very high level, our results seem to indicate that buildings, for the most part, are 
meeting the 0.4 CFM/SF@1.57 target. As can be seen in Figure 5 and Figure 6, while there are some buildings 
that tested above the 0.4 CFM/SF@1.57 target, the majority have tended to fall below the 0.4 CFM/SF@1.57 
range. This is most notable in the cumulative distribution chart shown in Figure 6 which shows that 80% 
of tested buildings are below the 0.4 CFM/SF@1.57 target. 

 
Fig. 4: Chart showing results of testing from 2011 through 2018 of midrise mixed-use buildings in the Seattle Area. Bars indicate 
percentage of tests in data set that fell between ranges on x-axis. 
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Fig. 5: Chart showing results of testing from 2011 through 2018 of midrise mixed-use buildings in the Seattle Area. Bars indicate 
cumulative percentage of tests in data set that fell below value on x-axis.  

The majority of the buildings that we have tested utilized a mechanically fastened air barrier at the walls, 
though some also used fully adhered air barriers. Figure 7, below, shows the distribution by air barrier 
membrane type. In general, we found that fully adhered air barrier membranes were fairly tight, though, 
the data set of buildings with fully adhered membranes is limited to 3 buildings of the 55 buildings in the 
total sample. We also found that mechanically fastened systems can be made to be air tight enough to 
meet specified requirements. 

 
Fig. 6: Chart showing air leakage by air barrier type. 
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Our data shows a slight correlation between building test size and resultant performance, as evidenced in 
Figures 8 and 9, below.  

Figure 8 shows a significant difference in average results for the shorter test specimens and more 
consistent results for the taller test specimens. It is important to note that in this sample, the shorter test 
specimens consist largely of commercial spaces within larger buildings while the taller test specimens are 
full buildings. Much of the varied results for the shorter test specimens may be the result of air leakage 
between the commercial unit and the main building. One can gather from this chart that smaller tests are 
more impacted by leaks through the enclosure. A small hole in a small test has relatively more impact 
than that same sized hole in a larger test. 

Similarly, Figure 9 correlates the average air leakage result by volume ratio (ratio of enclosure volume to 
enclosure area) of the building. Smaller buildings tend to have relatively less volume compared to 
enclosure area, thus having a lower volume ratio. In contrast, larger buildings tend to have relatively more 
volume compared to their enclosure area, thus having a larger volume ratio. Our results show that smaller 
buildings have more varied results from this perspective as well. One takeaway that we may be able to 
surmise from the data is that smaller building tests appear to have more mixed results while larger and 
taller building test results appear to be more consistent, at least when the test result is normalized to 
building enclosure area. 

 
Fig. 7: Chart showing results by building height.  
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Fig. 8: Chart showing volume ratio of the building (Volume / Enclosure Area) versus results.  

As the author and his peers hypothesized, our data does show a correlation between some aspects of the 
building enclosure detailing and the results. There is a particularly clear correlation when it pertains to 
wall-to-roof detailing. We found that, while it is simple to design an air tight drywall ceiling approach with 
a vented attic in a mid-rise building, it is very difficult to implement an air-tight drywall in practice and 
stay within the code mandated target of 0.4 CFM/SF@1.57. Figure 10, below, shows a subset of our data 
that includes only buildings with this vented attic approach.  

 

Fig. 9: Overview of buildings tested by attic ventilation approach. 
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Limitations of Data 

The data set is limited and the limitations of it and any generalizations that can be taken from it should 
be understood. The buildings in this set are not necessarily representative of a cross section all buildings 
of this height or type in the Seattle Area market place. In collecting this test data, we did not include all 
the data available to us, as some of the data, particularly as it pertains to testing very early on in the 
mandatory testing process, was incomplete. We have also excluded testing of institutional and Highrise 
buildings to focus on midrise construction, which forms the bulk of our data. With that stated, nothing 
was done to this data to adjust the results in aggregate in any way. 

Discussion 
Our discussion includes lessons learned from interaction with clients and partners in the industry, practical 
lessons learned after performing the testing several times, and lessons learned from review of the test 
results in aggregate. 

MARKET REACTIONS 

It is difficult, without a survey of a larger segment of the development community, to understand 
objectively what the realities are of how the larger construction and development market reacted to the 
code building air leakage testing mandate. Anecdotally, the experience of the author was that the 
reception in the commercial building development community was mixed. The cost of testing was not 
known or understood and as a result was largely variable. Also, because large commercial buildings were 
not yet tested and had to be tested near the end of the construction process – not knowing if the building 
would pass a building air leakage test introduced uncertainty to the construction process. 

Initially, in the 2009 SEC, the energy code stated that buildings must meet maximum air leakage rate target 
maximum of 0.4 CFM/SF@1.57 and must be tested per ASTM E779 but was ambiguous on the consequence 
of demonstrating an air leakage rate higher than the code mandated allowable value. This was perceived 
by many in the industry, and later clarified by a Seattle Code clarification note, to mean that the building 
needed to be tested, but did not need to pass. Given the cost of whole building air leakage testing, this 
was perceived by some in the ownership community as a costly addition to the project budget that 
provided little value to developers while at the same time introducing uncertainty to the construction 
process. As such, this was not a welcome change by some. 

In some other cases, developers relayed to us that there was value provided by the knowledge that a 
quantitative test would be completed at the end of construction. This knowledge appeared to encourage 
installers provide more quality control on their installations resulting in higher quality buildings.  

Setting the direct cost of the testing aside, it is the cost associated with failing a whole building air leakage 
test which was perceived to be the greater source of uncertainty. This cost may be much greater than 
simply the cost of retesting the building or even the cost of repairs to make the building more air tight. 
The testing usually falls in the schedule very close to the end of construction, sometimes a day or two 
before the building is scheduled to receive a Certificate of Occupancy (CofO), leaving little or no time to 
perform necessary repairs following a failed test. Delays in completing and opening a building due to a 
failed test have the potential to cause significant financial damage to the developer. To date, we are not 



aware of an instance where a project that we were involved in was denied CofO due to a failure in the 
building air leakage test. 

TESTING TECHNICAL CHALLENGES 

The following lists some of the technical logistical challenges with testing of large buildings that we 
experienced during testing of large buildings. 

Building Geometry 

Mid-rise mixed-use residential buildings are very compartmentalized, with each unit acting as a self-
contained unit and connected by halls. The result is a series of, sometimes hundreds, of small fairly air 
tight semi-enclosed compartments in a large building. Because of this, there is quite a bit of effort required 
in propping open doors to create, as much as possible, one contiguous volume while trying to limit 
constrictions where air flow might be impacted. This is also the case with commercial units within the 
lower two levels of the buildings that often are entirely separate volumes. The 2015 WSEC and SEC allows 
these units to be tested separately from the residential units, so, if these commercial spaces are intended 
to test in that manner, in design it is critical to design the enclosure interfaces such that the air barrier 
transitions accordingly. 

Mid-rise buildings in Seattle can also be very large, in some cases stretching over much of a city block. As 
such, the odd shaped buildings often require creative planning and placement of fans and equipment to 
achieve the desired uniform pressure distribution necessary. 

Building Heights 

Building heights are also sometimes problematic, 
particularly during the cold months of the year. Given the 
tight timeline for these tests, the testing team often does 
not have much of a choice on when to test. If exterior 
temperatures drop too low, stack effect may become 
problematic, particularly in taller buildings. What our team 
has found is that in order to sufficiently bring the stack 
effect under control, the building had to be cooled 
significantly to achieve a temperature difference that met 
the ASTM E779 limits, as specified in Figure 11. For 
example, during one recent winter test, with an exterior 
temperature of approximately 40˚F (4˚C) on the day of 
testing, the building’s heating system automatically heated several units bringing the interior temperature 
of the building to nearly 65˚F (18˚C). In order to proceed with testing, the testing team and general 
contractor had to manually shut off the automatic heating in every unit and open several windows while 
operating fans for approximately 1 hour to drop the building temperature and bring the stack effect to 
levels specified in ASTM E779. 

The author suspects that stack effect will be more and more of a challenge as more high-rise building 
approach completion of construction, potentially resulting in a need to perform multiple guarded tests 

8.4 Measure and record the indoor and outdoor 
temperatures at the beginning and the end of the 
test and average the values. If the product of the 
absolute value of the indoor/outdoor air 
temperature difference multiplied by the building 
height, gives a result greater than 200m °C 
(1180ft °F), the test shall not be performed, 
because the pressure difference induced by the 
stack effect is too large to allow accurate 
interpretation of the results. 

Figure 10: Text from ASTM E779, dictating limits on 
allowable stack effect. 



instead of one whole building test. This is not always acceptable since some interior finishes need stable 
humidity and temperature for curing or acclimatizing. 

Access to Power 

Access to electricity with a high enough amperage to operate the test equipment has also proven to be a 
challenge during testing, particularly for very voluminous buildings that require a lot of fans. Many units 
in mixed-use apartment buildings use ground-fault circuit interrupter (GFCI) outlets, which high-power 
fans tend to trip. Often, this means that power lines need to run out of the units and into hallway outlets, 
which depending on how they are wired (stacked vs linearly) may also trip if too many fans are connected 
to the same circuit. The result is a need for coordination with the general contractor and their electrician 
to make sure that the fans are being connected to power sources that can handle their electricity 
demands. 

The Logistics 

Whole building air barrier testing can also be a logistical challenge given the late stage in construction that 
this testing seems to occur in. The testing team needs access and control to the entire building, so there 
is often competition with interior finishers, electricians, fire system technicians, etc., for the interior space. 
This is a logistical action that the general contractor is typically responsible for coordinating. 

Building Preparation 

Building preparation for testing is also a challenge, particularly as it pertains to 1) what to prepare, 2) how 
to prepare it, and 3) who will prepare it. Building preparation services are typically not included in building 
testing base fees. While several testing agencies are now starting to offer building preparation services, 
overwhelmingly the general contractor has been responsible for taking on this task in the past. The 
preparation method can have an impact on the resultant air leakage rate that is reported. 

Section 8 of ASTM E779, Procedure, described how to prepare the building for testing. Generally, it 
described the following two tasks: 

 Creating a single zone 
 Closing dampers 

Creating a single zone means, in practice, propping open doors that communicate different parts of the 
building within the air barrier boundaries. This is relatively easy to do in low-rise buildings, but in larger 
multi-story buildings, creating a single zone often requires opening all the stairway doors and, in some 
cases, even the elevator doors. For the elevator doors specifically, this usually carries extra effort and 
associated cost to install necessary temporary fall protection. 

Closing of dampers has been interpreted commercially to mean sealing of intentional openings as 
mandated in the 2009 SEC. In practice, this translates to covering vents, louvers, and other holes that are 
intended to be open during the life of the building. 



As shown in Figure 12, Section 8.2, Procedure of ASTM 
E779 dictates how to prepare the building but is 
ambiguous when considering the variety of conditions 
present in commercial buildings. The 2009 SEC elaborated 
on the preparation of the building more clearly by 
specifying that shall be sealed as shown in Figure 13. The 
2012 SEC, on the other hand, appears to be ambiguous 
with regard to sealing of intentional openings. This 
ambiguity is carried into the 2015 SEC as well. 

Depending on the height and complexity of the building 
enclosure, sealing of intentional openings is practically 
achieved in one of two ways, either from the exterior or 
from the interior.  

We have found that the method in which intentional openings are sealed has an impact on the test results. 
Sealing the intentional openings from the exterior, closer to the field air barrier, tends to result in lower 
resultant leakage than sealing from the interior, farther from the field air barrier. The test results tend to 
be lower when sealing from the exterior, in our observation, because sealing as such results in a test that 
only includes the field air barrier and the interface to the HVAC system. When sealing from the interior, 
air leakage between the appliance and the exterior at the duct is incorporated into the air leakage number.  

This touches on a real question still in the industry that needs to be clarified throughout – what is the 
purpose of the test? Is it to test just the enclosure, or is it to test the enclosure with its connection to 
HVAC direct to appliances? The pressures applied to the building can be higher than the pressures faced 
by the building in operation, so if the intent is to test the damping systems, then the air leakage rate 
targets likely need to be adjusted to reflect these openings. Based on anecdotal experience testing 
buildings, the author hypothesizes that the manner of temporary seals at intentional openings may have 
a relatively significant impact on the ultimate test result. If different parties are temporarily sealing 
intentional openings in different manners, then comparisons of the tests may be difficult. The question of 
how and where to seal intentional openings is, in the authors opinion, something that the industry needs 
to define further to maintain consistency. 

  

E. [Revision to] Section 8.2 - Seal all intentional 
functional openings such as exhaust and relief 
louvers, grilles and dryer vents that are not used 
in the test to introduce air, using plastic sheeting 
and duct tape or similar materials. All plumbing 

Figure 12: Section 1314.6.2, e, of the 2009 SEC, 
dictating how to prepare building. 

8.2 HVAC balancing dampers and registers shall 
not be adjusted. Fireplace and other operable 
dampers shall be closed unless they are used to 
pass air to pressurize or de-pressurize the 
building. 

Figure 11: Segment from ASTM E779 indicating what 
to do with operable dampers. 



DESIGN CONSIDERATIONS 

Interestingly, the design approach that we and several of our peers in the Seattle market, have taken with 
regard to detailing has not changed significantly since the pre-mandated testing days or even through the 
different code cycles. Once air barrier detailing is established, much of the burden is on the 
implementation of that air barrier design and on quality control of the installation. To put it another way, 
air barrier systems are not designed to meet specific numerical targets – you either have an air barrier 
design or you don’t. Hypothetically, the same air barrier design that complies with a 0.4 CFM/SF@1.57 target 
should be able to comply with a 0.1 CFM/SF@1.57 target if the quality control in the field and sequencing of 
trades are carefully managed. When considering air barrier design, some approaches are simply more 
difficult to implement. The authors experience suggests that the more difficult a task is to perform, the 
more likely it is to be performed incorrectly. 

It appears, based the authors experience, that the success of an air barrier approach is affected by the 
following items: 

 Blind installation – Installation of components intended to form the boundary of air control in a manner 
that they can not be inspected prior to being concealed. One such example includes a sealant bead behind 
a board of gypsum drywall; an installer can not easily determine, after the drywall is placed, that the bead 
is continuous.  

Multi-component installation – Use of multiple dissimilar martials to form the boundary of air control. As 
the number of interfaces increase, the likelihood that a discontinuity will be introduced into the system 
increases. 

Multi-party Installation – Use of multiple trades, usually installing dissimilar materials, to install 
components intended to form the boundary of air control. As 
the number of trades increases, the likelihood of a 
discontinuity at interfaces between trades also tends to 
increase. 

This is not to say that approaches that include the above will 
not be successful, only that it is more difficult to make them 
successful unless additional quality control steps are taken to 
carry out this task that are not currently in widespread 
practice across the market.  

Vented Attics 

Our data seems to indicate that there is a correlation between 
buildings with vented attics and higher air leakage. These two 
approaches are described in Figure 14. In reviewing specific 
reports, the team found that this seems to be due to holes in 
the ceiling for lights and vents as well as discontinuities in the 
air-tight ceiling at demising walls between units. Despite 
efforts to design vented attics for air tightness, this suggests 

Figure14: Example of vented attic roof assembly 
(right) and unvented roof assembly (left). Blue 
dashed highlight shows boundary of air barrier. 



that constructability might make it more difficult to achieve the design. 

Consider that vented attic approaches often use air-tight drywall at the ceiling of the conditioned space 
along with sealants and tapes at interfaces. This approach employs blind installation of sealants, multi-
component installation including tapes, seals, gypsum boards, and building framing, and multi-party 
installation including framers and drywallers. This seems to contribute to the worse than average 
performance for buildings that use a vented attic approach. 

Due to the nature of the data collected, the author notes that it is difficult to compare the leakage through 
a vented attic with other potential sources of air leakage, such as mechanical shafts, roll up doors, 
expansion joints, etc. What this data does seem to indicate is that choosing between a vented attic versus 
an unvented attic in design may have a more impact on the air barrier performance than the choice 
between distinct types of air barrier membranes at the wall.  

Conclusions 
The air barrier design and testing requirement in the greater Seattle area has allowed the industry to 
digest the realities of whole building air barrier design and testing. From a tightness standpoint, what we 
are finding is that if the proper care is taken, buildings can indeed be designed to meet the requirements 
of 0.4 CFM/SF@1.57 and now, 0.3 CFM/SF@1.57. 

MARKET RECEPTION 

Anecdotally, our experience has been that contractors and owners approach the first test with caution 
and anxiety. But, after their first test experience, the attitudes seem to be more positive. Owners appear 
to have accepted the testing as a cost of doing business and General Contractors have become more 
comfortable with the specifics on how and when testing is performed. 

COMMON LEAKAGE PATHS 

While vented attics and big transitions were 
found to be leaky but have improved with 
early design changes, what we are finding 
now is that leaks and discontinuities occur at 
locations where the scope of the air barrier 
is more nuanced. For example, it is common 
for shafts to run through the building and 
connect to the exterior for garbage chutes 
and utilities. These are sometimes missed in 
the air barrier designs and if not addressed 
they can be a source of air leakage, 
especially at the low floor.  

Similarly, interior wall transitions of the air 
barrier can be a source of air leakage if not 
properly coordinated in design. These tend to exist at lower levels of mixed use buildings where the air 
barrier jogs around entrances to garage and below-grade semi-conditioned spaces. 

Figure15: Example of level 1 plan where air barrier walls are different 
from exterior walls. Red dashed highlight shows continuity of exterior 
(non-air-barrier) wall. Dark outline shows boundary of air barrier. 



Lastly, intentional openings are sometimes a significant source of unintended leaks during building 
enclosure testing. In the authors opinion, further clarity is needed from jurisdictions to guide testing 
agencies on how to seal intentional openings to allow buildings to be compared more evenly.  

NEXT STEPS 

Now that the local design and construction industry has developed an understanding of air barriers in 
large buildings, the author suggests that there is room and ability to refine the process to create a more 
consistent plane on which to compare different buildings. The following questions should be considered 
by the industry at large. 

1. How much testing is demonstrative enough? Buildings can be designed and built to be air tight. 
But, is there now a correlation with whole building air leakage and a certain sampling of building 
sections to demonstrate that performance? This may help bring the cost of testing down further 
to make the benefits of air tight enclosures more accessible to buildings with tight budgets, such 
as we see with many of our affordable housing clients. 

2. Units should be standardized more, or at least a relationship established. Some systems use ACH, 
others use CFM/SF. These are not easily convertible unless the volume (for ACH) or enclosure area 
(for CFM/SF) of the tested building is published with the results of the test. Comparisons of 
aggregate results in different units is difficult for this reason. 

3. To test with or without intentional openings. This needs to be first considered by the industry, 
and then defined in standards. In the authors opinion, this question is fundamental and needs to 
be clarified by the industry before further refining air leakage targets. Target air leakage rates 
should follow from the methods used to measure them. 
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