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IDENTIFYING & AIR SEALING THE BUILDING ENVELOPE
LEARNING OBJECTIVES

• Discuss basic principles of air leakage.

• Explain air barrier concepts and how a blower 
door is used to locate deficiencies 

• Identify typical construction details that lead to 
compromised pressure boundaries. 



AIR LEAKAGE

Direct Leakage
occurs at direct openings to the 
outdoors. Leakage enters or exits 
the building envelope directly at this 
location. 

Indirect Leakage
Leakage enters at one 
location, moves through 
building cavities, and exits 
at a different location.

Presenter
Presentation Notes
Direct leakage occurs at direct openings to the outdoors, and air leaks directly through the building envelope at this location – Direct leakage is common around doors and windows. Indirect leakage enters at one location, moves through building cavities, and exits at a different location – Indirect leakage is common in older homes where interior walls have no top plates. Another typical example of indirect leakage is when a porch roof joins the side of a house. Often the siding is left off where the porch roof and house intersect. Cold air in the porch attic flows into the floor cavity of the home, and into wall cavities or soffits. This is revealed by a cold wall or floor in the winter. The blower door is used to track these leaks.Q: What are some typical spots for direct leakage? A: Dryer vents, around doors and windows, and any other place there are penetrations in the building envelope.



Air Leakage requires:
 A hole.

 Pressure difference across that hole.

o The bigger the hole or higher 
the pressure difference, the 
more airflow.

o To reduce airflow, we can reduce the 
size of the hole or lower the pressure 
difference.

Presenter
Presentation Notes
Holes in the air barrier wouldn’t matter without pressure differences. Air leakage requires:         A hole.         Pressure difference across that hole.The bigger the hole or higher the pressure difference, the higher the volume of air leakage.To reduce airflow, reduce the size of the hole or lower the pressure difference. Holes and pressure differences usually go together.



PRIMARY AIR INFILTRATION SITES

5% Fans and vents

12% Windows

13% Doors

15% 
Plumbing penetrations

Fireplaces 16%

Electrical outlets 2%

Floors, walls, and 
ceilings 36%

Presenter
Presentation Notes
The graph shows those typical leakage sites another way. The attic is not separated out, but it’s the largest piece of the “floors, walls, and ceiling” category that makes up more than one-third of all air leakage.Many people think replacing windows is crucial. According to this graph, windows come in fifth, behind floors, walls and ceilings, fireplaces, plumbing penetrations, and doors, in terms of air leakage.
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SHELL AIR-LEAKAGE FUNDAMENTALS

Controlling shell air leakage is the main goal of weatherization. The 
decisions you make about sealing affect a building throughout its 
lifespan.

• Air leakage accounts for a significant percentage of a building’s heat 
loss

• Air leakage through insulated assemblies reduces the R-value of 
insulation

• Air leakage moves moisture in and out of the house

• Air leakage causes house pressures that can interfere with the 
venting of combustion appliances

Presenter
Presentation Notes
1 CFM OUT = 1 CFM IN.Airflow takes the path of least resistance.Air moves from high- to low-pressure areas.Air usually moves from high- to low-temperature areas



BLOWER DOOR TESTINGBlower Door guided 
air sealing is used to 
quantify and locate air 
leakage
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Presenter
Presentation Notes
This photo is of a Minneapolis Blower Door manufactured by the Energy Conservatory in Minneapolis, MN.Ask students what types of blower door they are familiar with. Point out the fan rings in the right photo. Does anyone still use magnahelic gauges?



NECESSARY EQUIPMENT

Presenter
Presentation Notes
Blower door.Manometer.Various colored 50-ft. hoses. Hoses run to appropriate zones allow you to remain near your blower door. This can be particularly important if you do not have a cruise control for the machine.Colored hoses reduce confusion:Zone Pressure Diagnostics (ZPD) charts and ratio of pressure to leakage chart.



MEASURING BUILDING AIR LEAKAGE• Air leakage measured by the blower door is 
proportional to the size of the holes in the house 
between inside and outside

• Conduct blower tests before, in-progress, and after 
air-sealing to determine the effectiveness of our work 

• Conduct blower door testing to tell us which houses 
have the more potential for energy savings through 
air sealing
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MEASURING BUILDING AIR LEAKAGEMeasuring Building Air Leakage

Presenter
Presentation Notes
The standard baseline for blower door reading is a pressure of -50 pascals (Pa) in the home with reference to the outside.Air leakage measured by the blower door is proportional to the size of the holes in the house between inside and outside. Air leakage is measured in cubic feet per minute at -50 Pa, also written as CFM50. To convert the blower door reading at CFM50 to the total size (in square inches) of the holes between the inside and outside of the home, divide the blower door reading at CFM50 by 10.Conducting blower tests before and after air sealing helps determine the effectiveness of our work. Post-testing reveals whether any big leaks were missed while air sealing.Blower door testing tells us which houses have the most potential for energy savings through air sealing. If the house is already fairly tight, it isn’t cost-effective to spend hours finding and sealing tiny leaks. In these homes, concentrate time and effort on installing insulation, base load, and mechanical measures. In this way, the blower door helps develop an effective work scope.



MEASURING PRESSURE & AIRFLOW

 We don’t measure total pressure, but the pressure 
difference between one space and another

 Always one pressure with reference to (WRT) 
another

 Sometimes we measure pressures under 
controlled, artificial conditions, sometimes under 
normal operating conditions
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Measuring Pressure & Airflow

Presenter
Presentation Notes
Measure pressure difference between one space and another, not total pressure.Always measure one pressure with reference to another – You would never simply say the attic is at 50 Pa. Sometimes measure pressure under controlled, artificial conditions, and sometimes under normal operating conditions.         Q: Besides the blower door, can anyone name another controlled, artificial condition we create to test pressure?         A: Worst-case draft combustion appliance zone (CAZ) testing



MEASURING BUILDING AIR LEAKAGE

Natural driving forces
Pressure differences too 
small to measure reliably 

Blower door
Exaggerates pressure 
differences so they can be 
measured reliably, and the 
results are repeatable
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Exaggerated air leakage measured 
with the blower door gives us an idea of the amount of air 

leakage that would occur under natural conditions

Presenter
Presentation Notes
Natural driving forces – Pressure differences caused by natural driving forces of wind effect, stack effect, and combustion and ventilation are too small to measure reliably. These naturally occurring pressure differences change with the wind and temperature and are not repeatable.Blower door – This controlled driving force exaggerates pressure differences so they can be measured reliably, and the results are repeatable. With this tool, we can measure leakage from a standard baseline.We can convert the exaggerated air leakage measured with the blower door to air leakage that would occur under natural conditions.           Ask students to name the natural driving forces.



BLOWER DOOR SETUP• Put the house in winter mode

• Turn off HVAC systems and gas water heaters

• wood stoves / fireplace inactive, close dampers, 
remove ashes or cover with wet newspaper

• Be aware of possible dangerous contaminants 
• Vermiculite

• Lead dust

• Friable asbestos  
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Blower Door Setup

Presenter
Presentation Notes
Set up blower door in an exterior door – Indicate which door you install the blower door in on your data sheets. This helps ensure repeatable results during monitoring.Put the house in winter mode by closing all exterior doors and windows and opening all interior doors.Turn off heating and cooling systems and fuel-fired water heaters – There are two reasons for turning off all combustion appliances: Most importantly, to avoid dangerous combustion gasses from getting sucked down the flue into the house, close fireplace dampers.        No wood stoves in use! Call ahead to make sure residents don’t use the wood stove for at least 24 hours before the visit. Remove ashes or cover with wet newspaper. There are many stories about forgetting to cover the ashes. Statistically, this happens most often in homes with white carpeting. You only do that once.Anecdote: One client ignored the auditor’s request and used the wood stove the day before the auditor came. There were ashes in the stove, so the energy auditor and helper decided to pressurize the house (instead of normal depressurization) so they wouldn’t suck ashes out of the wood stove. After a while, they heard a roar that had been covered up by the sound of the blower door fan. By pressurizing the house, they had basically created a blast furnace in the wood stove. They rushed outside to see the stove flue glowing red! Luckily, no permanent damage was done.Remember to turn the appliances back on before you leave. An old energy auditor trick is to leave your truck keys on the water heater, so you remember to turn the water heater and furnace back on. It’s unfortunate to be 50 miles away when you get the call from the client that the hot water heater stopped working.



APPROXIMATE LEAKAGE AREA

 Divide CFM50 by 10 

 For example:

5,000 CFM50/10

 = 500 sq. in.

25”

20”
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Presenter
Presentation Notes
Calculating the approximate leakage area is a good way to think about the overall leakiness of the home and to express that leakiness to clients. Divide CFM50 by 10 to determine approximate square inches of holes in the home.5,000 CFM50/10 = 500 square inchesThis simple equation indicates that starting with the equivalent of a 500-square-inch hole, air sealing reduced the size of the hole to only 150 square inches.Q: If the pre-air-sealing reading were 5,000 CFM50, what post-air-sealing blower-door reading would indicate a reduction of 350 square inches of leakage area?A: 1,500 CFM50



TARGET REDUCTION

4500 CFM50 x 0.6 = 2700 CFM50

Usual 
suspects 

and 
elevate

Presenter
Presentation Notes
 We should be at least doing the “usual suspects” on all homes.  Could have a discussion here about when to stop air sealing.  Do what you must do and evaluate from there.  Usual suspects include all attic lid air sealing and any H&S communication from crawls/ basements to common areas 
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Simple Pressure Tests
Blower door tests give us valuable information about the relative leakiness of rooms 
or sections of the home. 

Feeling zone air leakage: Close an interior door partially so that there is a one-inch 
gap between the door and door jamb. Feel the airflow along the length of that crack, 
and compare that airflow intensity with other rooms / zones of the home 

Room pressure difference: Check the pressure difference between a closed room 
or zone and the main body of a home. Larger pressure differences indicate larger air 
leakage

Room airflow difference: Measure the house CFM50 with all interior doors open. 
Close the door to a single room and note the difference in the CFM50 reading. The 
difference is the approximate leakage through that room’s air barrier.

Presenter
Presentation Notes
Feeling air leakage present good client education opportunities. Feeling airflow or observing smoke are simple observations, but         have helped identify many air leaks that could otherwise have         remained hidden.Go back and forth to next slide as you explain each test method
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Presenter
Presentation Notes
Feeling zone air leakageRoom pressure differenceRoom airflow difference
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TESTING AIR BARRIERS
Leaks in air barriers cause energy and moisture problems in many 
homes. Air-barrier leak-testing avoids unnecessary visual inspection and 
unnecessary air sealing in hard-to-reach areas.
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• Evaluate the airtightness of portions of a building’s air 
barrier, especially floors and ceilings.

• Decide which of two possible air barriers to air seal; for
example, the floor versus foundation walls.

• Determine whether building cavities like porch roofs, floor
cavities, and overhangs are conduits for air leakage.

• Estimate the air leakage in CFM50 through an air barrier,                                        
then estimate what is necessary to seal the leaks.

Presenter
Presentation Notes
Advanced pressure tests measure pressure differences between zones in order to estimate air leakage between zones.
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Measuring  pressure differences between the house and its intermediate zones

Presenter
Presentation Notes
The blower door, when used to create a house-to-outdoors pressure of –50 pascals, also creates house-to-zone pressures of     between 0 and –50 pascals in the home’s intermediate zones. The amount of depressurization depends on the relative leakiness     of the zone’s two air barriers.
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• Achieving a 50 pascal attic to house is the goal for 
every house 

• Readings of 0 to 25 mean that the roof is tighter 
than the ceiling. If the roof is well-ventilated, the 
ceiling has even more leakage area than the roof ’s 
vent area.

• Readings around 25 indicate that the roof and 
ceiling are equally airtight or leaky.

• Need a general idea of the amount of roof venting 
to properly interpret readings  
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Presenter
Presentation Notes
Building cavities such as wall cavities, floor cavities between stories, and dropped soffits in kitchens and bathrooms can also be     tested
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Testing Zone Connectedness
Sometimes it’s useful to determine whether two zones are connected
by a large air leak. Measuring the house-to-zone pressure during a blower door 
test, before and then after opening the other zone to the outdoors, can establish 
whether the two zones are connected by a large air leak. You can also open an 
interior door to one of the zones and check for pressure changes in the
other zone.

Presenter
Presentation Notes
Finding this connection will help you know where to seal, the top is the priority 



Pressure Testing rooms to 
main body 

• Measure pressure deference in 
specific parts of the house with 
Blower Door running.

• Helps to quickly identify 
dominant house leaks.

• Defines scope of work air sealing 
measure

Presenter
Presentation Notes
Referencing the main body not the outside 



26

Presenter
Presentation Notes
If  you are testing from inside the pressure boundary to a zone that should be outside the pressure boundary , then the closer you are to 50 the better its sealed��



OTHER TESTS USING A BLOWER DOORAir Leakage Path investigation
• Blower Door with an Infrared Camera

• View wall before Blower Door Test

• View wall with Blower Door running

Presenter
Presentation Notes
Viewing an infrared camera during depressurization testing of at least -20 Pa, when temperature difference between indoors and outdoors is adequate to achieve good images.
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Presenter
Presentation Notes
Leakage above door frame, point out fingers give indication of direction of flow.
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Presenter
Presentation Notes
Air leakage from lower part of window frame
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Presenter
Presentation Notes
Leakage at bottom of interior wall, is it from the attic ? Or from crawl space ?   (CRAWL)



OTHER TESTS USING A BLOWER DOORDuct Leakage Diagnostics
Pressure Pan test to determine if duct work is connected to the 
outside. 

Presenter
Presentation Notes
Not a quantitative test. Test when appropriate , when duct is outside pressure boundaryDraw out floor and duct pressure boundary on white board, of mobile homeThe belly material is not the pressure boundary for mobile homesA reading of one or less is your target. Pages 475 and 477 for mobile homesWith blower door maintaining 50 Pa. test registers with pressure pan.
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Pressure Pan Testing
Pressure pan tests can identify leaky or disconnected ducts 
located in intermediate zones. Pressure pan measurements are 
taken at supply and return registers while using the blower door 
to depressurize the house to -50 pascals.

Presenter
Presentation Notes
Must be a pressure difference in duct zone to main body (at least 5 pa.)
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Presenter
Presentation Notes
For larger registers tape and cardboard or plastic sheeting, insert probe



35

Presenter
Presentation Notes
This cover can be moved to other registers, we just cover one at a time
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Presenter
Presentation Notes
Note the ducts are outside the pressure boundary,  supply ducts only require sealing when they are outside the pressure boundary.
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Mobile Home Air Sealing

Presenter
Presentation Notes
MI field guide – mobile home leakage reductions, point out duct sealing generally on the higher side of 100 – 500 
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Presenter
Presentation Notes
If the ducts are perfectly sealed with no leakage to the outdoors, you won’t measure any pressure difference (0.0 pascals) during a pressure-pan test. The higher the measured pressure reading, the more connected the duct is to the outdoors.
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Presenter
Presentation Notes
Connections need to be mechanically connected then sealed. This is just below mobile home furnace, pressure in the duct is greatest here so the leakage is greater. More detailed information will be included in our upcoming mobile home class.
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Presenter
Presentation Notes
Only use material acceptable for repair and sealing
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Presenter
Presentation Notes
On a new install this is the best opportunity to seal properly. (mobile home furnace)
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When sealing end runs in MOHO trunk lines pay attention 
to placement as to not create a static pressure issue. 

Presenter
Presentation Notes
Arms length back from register, only use acceptable material. Thermax, metal, mastic



Other construction details can result in 
gaps in pressure and thermal barriers.
• Changes in 

ceiling height
• Knee-wall attics
• Walk-up attics

UNIQUE CONSTRUCTION DETAILS

• Dropped soffits
 Above kitchen 

cabinets
 In bathrooms
 Above vanities
 Above built-ins
 At duct 

chases/bulkheads

Presenter
Presentation Notes
Other construction details that result in gaps in pressure and thermal barriers are:Changes in ceiling heightKnee-wall atticsWalk-up atticsDropped soffitsAbove kitchen cabinetsIn bathroomsAbove vanitiesAbove built-insAt duct chases and bulkheads



AIR BARRIER

• Limits air flow between inside and outside.

• Is more difficult to identify.

• Is not always where you think it is.

• A blower door is used to locate 
the air barrier.

IDENTIFYING & AIR SEALING THE ENVELOPE 

Presenter
Presentation Notes
The air barrier:Limits air flow between inside and outside, as well as the heat and moisture carried by that air.Is more difficult to identify than a thermal boundary because it can be hard to see.Is not always where you think it is.Pressure readings taken while operating the blower door are used to locate air leakage and the air barrier.Q:  What is the air barrier in most homes? A:  Usually it’s the interior drywall.



IDENTIFYING & AIR SEALING THE BUILDING ENVELOPEWHERE IS THE AIR BARRIER?

Targeted air sealing 
defines air barrier

Presenter
Presentation Notes
By air sealing at key junctures, we prevent air leakage and can add insulation with good effect.



IDENTIFYING & AIR SEALING THE BUILDING ENVELOPE

WHERE IS THE AIR BARRIER?

Pressure and thermal
boundaries now aligned

Graphic developed for the US DOE WAP Standardized Curricula

Presenter
Presentation Notes
After targeted air sealing, the pressure and thermal boundaries are aligned and will stop heat from flowing to unconditioned areas of the home. Note location of insulation, the orange layer, in the area behind the knee wall. Many people insulate the roof there, or just the ceiling of the first floor, with nothing on the knee wall to stop heat from traveling out and up through the attic vent. 



WALK-UP ATTICS

Where Is the Pressure Boundary? 
Where Should It Be?

Presenter
Presentation Notes
Where is the pressure boundary? Where should it be?Deciding where to place the pressure and thermal barriers in this situation depends largely on convenience for the homeowner.



: IMBALANCES

Master
Bedroom

Bedroom Bath

Utility Room Kitchen

Living Room

Whole-house return in hallway
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Room Pressure Imbalances
Cause and Effect 

Presenter
Presentation Notes
Q: What are some methods for balancing the pressure in this home? A: Here are three:         Add returns in bedrooms and bathroom.          Undercut doors.          Add grates to the doors.
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• When we do a bang-up job of 
air sealing it is crucial to test 
for spillage on combustion 
appliances.  

• Always verifying that we didn’t 
eliminate any driving forces 
that were allowing these 
appliances to draft properly 
cannot be overlooked 

Presenter
Presentation Notes
This needs to be stressed to the network with all air sealing measures. Consider an introduction and implementation of a simplified DSTO for Michigan shell workers.
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