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4 Testing Agency Guide
4.1 U.S. Army Corps of Engineers (USACE) Standard for Air Leakage

The USACE requires all new buildings and major renovation projects to pass an air leakage test where
the results must not exceed the building envelope air leakage requirements in Table 3.2.1 of differential
pressure at standard conditions specified in ASTM E779-10.

4.2 USACE Procedure
The following sections along with the Air Leakage Test Form in appendix A define this test protocol.
4.3 Application and Scope

See the Application and Scope (section 3.1) for specifiers and witnesses. Pay special attention to the
discussion of whole building testing versus individual room or dwelling testing.

4.4 Test Equipment Air flow Capacity

The minimum induced pressure for a valid test is 75 Pa. In planning for a test, the test agency must
determine how much test air flow capacity they will need on site and supply that amount for the test.
For whole building testing in single-zone buildings, and in the absence of any other information, the test
agency should plan to bring a quantity of pressurization equipment to site that would be sufficient to
provide0.30 CFM/sq ft of flow against a pressure of 75 Pa. Since the true leakage rate goal is 0.25
CFM/sq ft of flow at 75 Pa, the potential additional flow allows a comfortable margin to account for
baseline pressures, reduced on-site voltages or other effects which could prevent the theoretical induced
pressure from being attained. For example, if the building had 100,000 sqg ft of envelope area, then it
would theoretically require 100,000 x 0.25 = 25,000 CFM75 to induce a pressure of 75 Pa. If the test
agency brings equipment capable of 30,000 CFM75, they should very easily be able to reach 75 Pa if the
building meets the specification. If 25,000 CFM is brought into the building and 75 Pa cannot be
achieved, the building fails the air leakage test. There are other very important considerations, some of
which are listed below.

Bottlenecks or Zones without Interior Access

If a building is not well connected internally (relative to its leakage rate) fans may need to be separated
from one another, amongst two or more locations in order to achieve pressure uniformity. This may
increase the number of fans required for the test as opposed to increasing the total fan capacity.

Test Logistics

In some cases, multiple buildings are scheduled for testing on the same day or days. Depending on the
test equipment used, it may be more efficient to set up multiple buildings for testing in advance of the
witnesses arriving and then be prepared to run the tests back to back without the delays associated with
moving the equipment. In this case more test fans and other associated equipment may be required.
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Power Considerations

For certain test equipment, due to power quality considerations such as long extension cords, the test
fans might not deliver their full rated capacity when used on site. Consult the fan manufacturer for
information of this nature.

Use of Building HVAC System for Testing

HVAC systems may be used to conduct the building airtightness tests if all of the following conditions are
met:

1. In buildings that require 200,000 CFM or less to induce an envelope pressure of 75 Pa, the test
must be conducted in both pressurization and depressurization mode. In buildings that require
200,000 CFM or more to induce an envelope pressure of 75 Pa, the building HVAC systems may
be used to conduct the building airtightness test in either pressurization or depressurization
mode.

2. A proposed test plan must be submitted and pre-approved by the USACE.

3. The building HVAC system must be specifically designed and installed to conduct the building
airtightness test or be modified with flow measuring stations or other devices to allow accurate
air flow measurements for testing.

4. Air flow measurement devices must be documented to measure air flows within 5% of actual
flows. E.g. in situ calibration of flow stations over the range of expected flow measurements.

5. Pressure gauges must be digital with a resolution of 0.1 Pa and accurate to within +1% of reading
or +0.25 Pa, whichever is greater, and must have a means of adjustable time averaging to
compensate for wind.

For single zone tests on very large buildings, (typically requiring a test air flow in excess of 200,000
CFM75) the techniques above may be the practical option. There may not be an American standard that
adequately addresses this issue. Canada uses the CAN/CGSB-149.15 standard for very large buildings. In
the hands of experienced personnel, reasonable results may be achieved, but note that accuracies have
been reported to be no better than + 20% when 75 Pa was achieved.

Floor-by-Floor Test Method

In buildings in excess of four stories, if the testing agency’s equipment is not capable of achieving a
uniform pressure within the building due to the geometry of the interior partitions and limited shaft and
stairwell interconnections, it may be possible to isolate and test individual floors. However, the floor-by-
floor method requires exceptional preparation and knowledge of air flow characteristics within chases,
shafts, and wall cavities in addition to the difficulty of maintaining an identical or balanced pressure
between the floors above and below. Refer to the ASHRAE study, ‘Protocol for Field Testing of Tall
Buildings to Determine Envelope Air Leakage Rate 935-RP (Bahnfleth 1998)" for additional information
on the floor-by-floor method of testing. It is recommended that the whole building achieve a uniform

USACE Air Leakage Test Protocol for Building Envelopes — Version 3: 2012-05-11



12

pressure to avoid the uncertainty inherent in the floor-by-floor method, but this protocol does not
prohibit the application of the floor-by-floor method as an option for buildings greater than four stories
in height.

Pressure Gauge and Test Fan Accuracy Requirements

Pressure gauges must be digital with a resolution of 0.1 Pa and accurate to within +1% of reading or
+0.25 Pa, whichever is greater, and must have a means of adjustable time averaging to compensate for
wind. Pressure gauges shall have their calibration checked and accuracy verified minimum every two (2)
years (or sooner, based on the gauge manufacturer’s recommendations) against a National Institute of
Standards and Technology (NIST) traceable standard over at least 16 pressures from at least +250 to -250
Pa or to the greatest pressure used during a test.

Test fan measurement equipment shall have their calibration verified at least every four (4) years in
compliance with ASTM E1258-88(2008). Calibration certificates must show the deviations from the
calibration equations that must not exceed + 5% of the flow reading for a range of air flows and
backpressures (the pressure across the fan). For each test fan flow range configuration used in a test,
the calibrations shall include the minimum and maximum air flows allowed by the manufacturer for that
range plus at least one intermediate flow. For each flow rate, calibrations shall include data at
backpressures within +/- 10% of 25, 50, and 75 Pa. Digital pressure gauges and test fans may be
calibrated separately and used interchangeably as long as they meet the requirements of this section.

4.5 Building Envelope Pressure Measurement

A minimum of one building envelope pressure measurement channel is required. It has been shown that
the use of multiple building envelope pressure measurement locations, averaged together can be helpful
in reducing wind-induced pressure deviations. Electronic or pneumatic means of averaging may be used.
If electronic averaging is used it is recommended to have available a means of observing the individual
points for comparison. This can be helpful in assessing wind impacts as well as identifying problems.

4.6 Interior Pressure Uniformity

Pressure differences within the test zone shall be monitored to confirm that it is uniform within 10% of
the average induced envelope pressure. Test fans must be installed to satisfy this requirement. This may
require test fans to be widely separated from one another.

Care shall be taken to install interior pressure difference measurement equipment to ensure that it is
unaffected by velocity pressure created by the test equipment air flow. As an example of the uniformity
criterion, for an induced envelope pressure of 75 Pa, the maximum difference between any two
locations within the test zone must be 7.5 Pa or less. The number of indoor pressure difference
measurements required to prove uniformity will depend on the presence of air flow bottle necks that
could create significant pressure drops (e.g., doorways and stairwells).
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4.7 Pre-Test Inspection and Equipment Check

Ensure that the test equipment is in operable condition prior to arriving at the test site. A pre-test visual
inspection must be performed to determine whether there are any factors that would prevent the test
from being completed. The operation of the equipment is the simplest part of the test, whereas
preparing the building is the most complex, takes the most time, and is the most likely factor to prevent
the testing agency from completing the test on time.

4.8 Before Starting the Test
4.8.1 Record Set-up Conditions

Accurately record the exact building and equipment set up conditions. Pictures should be taken of
representative setup conditions and should be attached to the final report. The intent of this protocol is
to ensure buildings are set up and prepared in a specified manner so that the tests are reproducible. The
testing agency is responsible to ensure that the building is properly prepared and that the preparations
are maintained throughout the test documentation showing the type and location of test fans, pressure
gauges and the associated pneumatic tubing routes should also be provided in the final report.

4.8.2 Preparation of the Building

The contractor typically performs the actual building preparations described below.

Seal or otherwise effectively isolate all “intentional” holes in the test boundary. This includes air intake
or exhaust louvers, make-up air intakes, pressure relief dampers or louvers, dryer and exhaust vent
dampers and any other intentional hole that is not included in the air barrier design or construction. The
following requirements pertain to masking HVAC openings other than flues:

a. The test is conducted with ventilation fans and exhaust fans turned off and the outdoor air inlets

and exhaust outlets sealed (by dampers and/or masking),

b. Motorized dampers must be closed and may be tested masked or unmasked,

c. Undampered HVAC openings must be masked during testing, and

d. Gravity dampers shall be prevented from moving or can be masked.

NOTE: Exterior windows and doors (fenestrations) are not intentional openings. Fenestrations are
included in the air barrier test boundary. Exterior windows and doors shall be in the closed and locked
position only; no additional films or additional means of isolation at fenestrations is allowed.

Ensure that all plumbing traps are filled with water.

The HVAC system must be shut down or disabled for the duration of the test. If the HVAC system
activates during the test, additional air movement is introduced within the test zone, resulting in
inaccurate test data.

All interior doors connecting to rooms within the test zone must be held open during the test to create a
single uniform zone. If the door services only an interior room such as a storage closet, it is allowed to
remain closed only if a dropped ceiling plenum is present above and none of the room’s surface is part of
the air barrier assembly. If doorways cannot be opened and the volume on the other side of the door is
considered to be within the tested volume, then the pressure across that doorway must be measured
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with the test fan(s) running to ensure that the space on the other side of the door meets the pressure
uniformity requirement.

Buildings with a dropped ceiling plenum must have four (4) sq ft of tiles removed for every 500 sq ft of
ceiling area. Additional tiles may be removed at the discretion of the testing agency so a uniform
pressure distribution in the plenum space is achieved. As an alternative the dropped ceiling plenum
pressure can be tested to see if the building meets the pressure uniformity requirements of section 4.6
with the tiles in place.

All vented, non-sealed combustion equipment must be disabled or be in the “pilot” position. Confer with
responsible party to ensure safe conditions during pressure test, ie. mechanical contractor, facility
manager, building operator or controls contractor. If the test zone is within a larger building envelope
such as a Tactical Equipment Maintenance Facility or Company Operations Facility, the areas outside of
the test zone must be at ambient (outdoor) pressure conditions. This can be achieved by opening
windows, exterior personnel doors or overhead coiling (rollup) doors that open to outdoors.

4.9 Performing the Test:

Complete the test sequence as outlined in the USACE Air Leakage Test Form (appendix A).

There are additional details to be observed which are specific to the test equipment used and beyond
the scope of this document. The test agency is required to abide by the test equipment manufacturer’s
instructions to ensure proper application of test equipment.

Because this test is performed by pressurizing and depressurizing the building envelope, baseline
pressure effects are minimized, yielding more accurate results. This is the preferred test method since it
is not only more tolerant of test conditions, but also gives a more accurate representation of the building
envelope leakage under ambient conditions, where pressures can be either positive or negative in
direction. Baseline pressures may be up to 30% of the lowest induced envelope pressure, allowing this
method to be used in a wider range of weather conditions.

The testing agency must achieve at least 75 Pa at or below the passing leakage air flow to prove the
building is sufficiently airtight to pass the building envelope air leakage requirements in Table 3.2.1. The
agency is encouraged to achieve the highest building pressure possible, but should not exceed 85 Pa.

Note that some buildings may have air barrier assemblies that have not been properly designed and/or
installed, and this may limit the maximum safe building envelope pressure to less than 75 Pa. In such
cases the building does not meet the building envelope air leakage requirement of Table 3.2.1. The
testing agency shall perform a multi-point test in general accordance with this protocol so an
approximate air leakage value can be provided to the building contractor. This will allow an estimate of
the magnitude of the repairs necessary to meet the air leakage requirement.

4.10 Reporting of Results

The data collected during the multi-point tests will be corrected for standard conditions and used to
determine the air leakage coefficient, C, and the pressure exponent, n, in accordance with this
document:

CFM = C*AP"
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The values C and n in the above equation are calculated using a linear regression of the natural log of the
flow (in CFM) versus the natural log of the baseline-adjusted building envelope pressures (in Pa). The
testing agency must take data at a minimum of ten (10) building envelope pressures for each test, but is
not limited to the maximum number of building envelope pressures measured during the test. It is
recommended to record data at additional building envelope pressures so in the analysis the “outliers”
will not materially affect the calculation procedure. Outliers are pressure and flow data points that do
not fit the linear regression well, and they can be caused by wind gusts, changes in wind direction, door
openings, etc. Data gathered while exterior doors are open shall not be included in the analysis.

Flow rates in CFM75/sq ft @75 Pa (CFM75/sq ft) must be calculated for the linear regressions for both
the pressurization and the depressurization data sets. The average of those two flow rates will be divided
by the building envelope area in square feet given in the project drawings to determine the final
CFM75/sq ft. This average value will be used as the basis for determination if the building meets or does
not meet the requirement for maximum building envelope air leakage requirements in Table 3.2.1. The
value is to be rounded to the nearest hundredth. For example, a value of 0.255 would be rounded to
0.26.

In addition to reporting the normalized air leakage in units of CFM75/sq ft, the testing agency is also
required to report the squared correlation coefficient (r?) and the 95% confidence intervals (95% Cl) of
both the pressurization and depressurization test to demonstrate the accuracy of the data collected and
the quality of the relationship between flow and pressure that was established during the test. The 95%
Cl and r? must be calculated in strict accordance with the methodology contained in this document, and
the data used in these calculations must correspond to the data used for the linear regressions.

In general, a narrower 95% Cl to the mean value and higher r? value indicates a clear relationship for the
building’s air leakage characteristics was established. Use table 4.10.1 to make a pass/fail determination.

Table 4.10.1 — Pass/Fail Determination Chart

* value for 95% CI
Result (CFM75/sq ft) Determination of Test Results
(CFM75/sq ft)

<0.02 Pass
Less than or equal to 0.25 Pass if upper limit < 0.25
>0.02 Fail if upper limit > 0.25

<0.02 Fail

Greater than 0.25 >0.02 Fail

Regardless of the magnitude of the final result, the r* value must be above 0.98.

The pressure exponent, n, will also provide some insight as to the validity of the test and relative
tightness of the building envelope. Exponent values less than 0.50 or greater than 1.0 in theory indicate a
bad test, but in practice, tests outside the range of 0.45 to 0.80 would generally indicate an inaccurate

USACE Air Leakage Test Protocol for Building Envelopes — Version 3: 2012-05-11



16

test or calculation methodology. This range is dictated by basic fluid dynamics and the characteristics of
developing air flow through leaks, which is too lengthy to discuss within this protocol. Except for very
rare circumstances, n values should not take on values less than 0.45 and not greater than 0.80. If the n
value is outside of these boundaries, the test must be repeated.

The testing agency is required to produce the data used in the analysis and results in tabular and
graphical form, including the curve fitted coefficients and correlation coefficient.

Several common conditions that will cause test results to be much lower than they should be, are:

1. Interior pressure monitoring stations are placed too close to direct air flow that is typically
produced by the test fans.

2. Usually tests are conducted with the fan inlet fully open, allowing maximum air flow. For testing
tighter building envelopes that require smaller test flows, the fan manufacturer provides a flow
restriction device such as a plug or plastic ring that can be installed on the fan. When limiting the
fan air flow, some systems require that the digital gauge’s configuration be adjusted. If the gauge
is incorrectly set on a lower range than the fan, then the measured flow will be much lower than
the actual flow.

3. Interior doors have been left closed.

Several common conditions which will cause results to be much higher than they should be, are:

1. Intentional openings have not been properly sealed or have opened during the test (i.e., pressure
relief dampers, plumbing traps).
Windows or exterior doors are left open.

3. HVAC equipment is not properly disabled.
If the gauge is set on a higher range than the fan, then the measured flows will be much higher
than the actual flow.

4.11 Locating Leakage Sites with Pressurization and Depressurization

The testing agency is required to perform a diagnostic evaluation (including infrared thermography) in
general accordance with ASTM E1186-03(2009). The testing agency can use additional methods to
discover leaks. It is important to determine the source of the leakage. It is also beneficial for the design-
build team to understand the locations and details that are susceptible to leakage, even if the building as
a whole passes the test.

Neutral buoyancy smoke, theatrical smoke and infrared thermography are effective means to find
leakage sites. When testing equipment pressurizes the building envelope, air leaks can be seen from
outdoors (provided exterior walls have not been heated by radiation from the sun) using infrared
thermography or large scale smoke generation. When testing equipment depressurizes the building
envelope, air leaks can be observed from the inside using infrared thermography or smoke generation.
When the building interior temperature is close to the outdoor temperature, then cooling or heating of
the building by the HVAC system may be required to perform an effective infrared thermography scan
because it requires a temperature differential of at least 10°F.
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In general, when locating leaks, the air flow equipment should be adjusted to establish a minimum
pressurization of +25 Pa pressure differential to use smoke or infrared while viewing the building from
outdoors. A depressurization differential of -25 Pa should be used when using infrared or smoke from
the interior. Additional guidance for the diagnostic evaluation should be in accordance with ASTM
E1186-03(2009).

4.12 Accreditation of Thermographers

The testing agency must employ thermographers with experience in building enclosures and building
physics to achieve accurate diagnoses and to make effective recommendations to the design-build
contractor in the event of failure and repair. An Infrared thermographer is required by this protocol to
perform the infrared diagnostic evaluation. To be qualified to conduct work under this protocol, the
infrared thermographer must have successfully completed, at a minimum, a course of study that fully
complies with the Level | educational requirements of the American Society for Nondestructive Testing
(ASNT) as described in SNT-TC-1A-2006 and ANSI/ASNT CP-105, Training Outlines for Qualification of
Nondestructive Personnel (2006). In addition, the infrared thermographer must also have a minimum of
two (2) years experience in building science applications with infrared thermography or have achieved
minimum Level Il based on ANSI/ASNT requirements listed above.

4.13 Infrared Imaging System Calibration

The infrared imaging system shall be calibrated by the manufacturer. Field verification of the calibration
shall be made by the operator on a periodic basis to ensure the system is within calibration. Written
records of verification shall be provided upon request.

4.14 Infrared Imaging System Specifications

The detector array shall be at least 120 by 120 pixels. The thermal sensitivity (noise equivalent
temperature differences, NETD) shall be 100 mK or better.
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