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INTERNATIONAL
Standard Test Method for
. . . . 1
Air Permeance of Building Materials
This standard is issued under the fixed designation E 2178; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope of air retarder materials and air retarder systems in low-rise

1.1 This test method is to determine the air permeance dfamed wall construction is addressed in Specification E 1677.

building materials at various pressure differentials with the -
. S . . 5. Sampling

intent of determining an assigned air permeance rate of the . .
material at the reference pressure differense)(of 75 Pa. 5.1 The number of specimens to be tested shall be suitable

1.2 The method is intended to assess flexible sheet or rigif establish an air leakage rate which is representative of the
panel-type materials ugina 1 mx 1 m specimen size. product. In no case shall less than five specimens be tested.

1.3 The values stated in S| units are to be regarded asNore 1—Because of the variability in the manufacture of a product, the
standard. No other units of measurements are included in thisimber of specimens to be tested may vary from product to product.
standard. Certain materials may have standard methods for sampling that shall be

1.4 This standard does not purport to address all of theused to sample these materials.
safety concerns, if any, assc_mated with its use. It is th%' Test Apparatus
responsibility of the user of this standard to establish appro- ] i ,
priate safety and health practices and determine the applica- 6-1 A schematic of the air leakage test apparatus is pre-

bility of regulatory limitations prior to use. sented in Fig. 1. o
6.1.1 Airtight Test ChamberThe airtight test chamber

2. Referenced Documents shall be at least 320 mm deep and capable of reagigih m
2.1 ASTM Standards? by 1 m test specimen, anchored to the test chamber by means

E 283 Test Method for Rate of Air Leakage through Exte-Of @ compression frame and clamping devices. The test
rior Windows, Curtain Walls and Doors chamber and compression frame shall be stiff enough to limit

E 1677 Specification for an Air Retarder Material or Systemdeﬂection within the operating flexibility of the gaskets_used to
for Low-Rise Framed Building Walls seal the test specimen to the chamber. Two parallel ribbons of

self-adhesive gasket material shall be applied at all sealing

3. Terminology points of the apparatus/test specimen assembly. The gasket
3.1 Definitions: ribbons shall be made of medium-density gasket material that
3.1.1 air permeance-the rate of air flow (L/s), per unit area ¢an be fused or glued at joints. The test apparatus shall contain

(m? and per unit static pressure differential (Pa). an over-pressure control device and windows to verify the

specimen installation.
4. Significance and Use 6.1.2 Flow Measuring Devices-The flow measuring de-

4.1 The purpose of this test is to measure the air permeandéces used to gage the air flow through the test specimen shall
of flexible sheet or rigid panel-type materials. The results ofo€ capable of measuring air flow rate fromx110° m*s (.001
this test may be useful in determining suitability of that L/S) up to 1.88x 10% m%s (18.8 L/s), with an accuracy of
material as a component of an air retarder system. 3 % of the reading. . _ . .

4.2 This method does not address the installed air leakage 6-1.3 Pressure Measuring DevicesThe static pressure dif-

performance of building materials. The installed performancderential across the test specimen shall be measured by pressure
measuring devices with an accuracy-00.5 % of the pressure
_ reading. The laboratory barometric pressure shall be measured
*This test method is under the jurisdiction of ASTM Committee E06 on with a device capable of measuring barometric pressure within
Performance of Buildings and is the direct responsibility of Subcommittee E06.41+ 3 % of the reading

on Air Leakage and Ventilation Performance. 6.1.4 Pipi Th .. ti the fl .
Current edition approved Aug. 10, 2003. Published October 2003. Originally st IpINg € pIping connecting € flow measuring

approved in 2001. Last previous edition approved in 2001 as E 2178-01 devices and the vacuum blower shall be airtight and contain
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, orflow control devices to regulate the static pressure across the
contact ASTM Customer Service at service@astm.org. For Annual Book OfASTMteSt Specimen withirt 0.5 % of the pressure reading The pipe

Standards volume information, refer to the standard’s Document Summary page on . . .
the ASTM website. connection to the test chamber shall contain an air filter to

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 General Configuration of Test Apparatus

prevent dust or particulate matter from affecting the flowpermeance) shall be used for this purpose. The wire mesh
measuring device reading. The piping downstream and upportion of the support shall be welded or otherwise mechani-
stream of the flow measuring device shall be designed so theally secured to a solid metal frame which shall be gasketed
flow regime does not affect the device’s accuracy. The pipingand compressed within the test frame. A detailed description of
shall contain a temperature measuring device capable dhe support grill, including the gage wire used, shall be
measuring air temperature within 0.5°C to convert all flow included in the test report. Fig. 2 shows the preparation for a
rate measurement to STP. typical flexible sheet material. The following procedure shall
6.1.5 Vacuum Blower-The blower used to create a vacuum be used to seal the perimeter of the specimen:
in the test chamber shall be able to produce static pressure7.2.1 Apply a self-adhesive gasket ribbon over the frame of
differential across the test specimen within 0.5 % of the the wire mesh/screen around the entire perimeter of the test

pressure reading. area under investigation (1 i 1 m);
_ . 7.2.2 Apply a second self-adhesive gasket ribbon along the
7. Specimen Preparation perimeter of the first ribbon in 7.2.1;

7.1 Conditioning for Tests-Unless otherwise stated, all ~ 7.2.3 Alljoints in the gasket ribbons shall be fused or glued;
specimens to be tested shall be conditioned for a minimum 7.2.4 Cut the flexible sheet material specimen to 1100 mm
period of seven days at 2t 1°C and 40*= 5 % RH. X 1100 mm;

7.2 Flexible Sheet Materials-Due to lack of rigidity, flex- 7.2.5 Upon removal of the protective paper over the self-
ible materials shall be tested over a rigid support having an aiadhesive gasket, install the specimen over the wire mesh/
permeance much greater than the test specimen. An open griitreen;
or wire mesh/screen, fabricated with welded wire having a 7.2.6 Apply the self-adhesive gasket over the specimen so it
minimum of 25 mmXx 25-mm-square grid (or an alternative lines up with the first ribbon in 7.2.1, and then apply a second
means that provides an equivalent degree of support and aelf-adhesive gasket along its perimeter;
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FIG. 2 Flexible Sheet Test Specimen

7.2.7 Alljoints in the gasket ribbons shall be fused or glued; 7.2.12 Upon removal of the protective paper over the
7.2.8 Cut polyethylene film (0.15 mm (6 mils)) to 1400 mm gasket, fold and tape each corner of the film with construction

X 1400 mm,; _ _ tape to ensure complete airtightness as per Fig. 4;
7.2.9 Upon removal of the protective paper over the ribbon, 75 13 From the interior line of the adhesive gasket, cut and
cover the specimen with the polyethylene film; remove all the excess polyethylene film.

7.2.10 Cutthe polyethylene film at each corner as per Fig. 3; . . .
7.2.11 Apply two self-adhesive gaskets to the underside of. 7.3 Rigid Panel-Type Materials-Fig. 5 shows the prepara-

the wire mesh/screen support (the gaskets shall line up belolP" for @ typical rigid panel-type material. The following
the first ribbon installed in 7.2.1); procedure shall be used to seal the perimeter of the specimen:

Polyethylene — Gasket
Film . 45° Typical Ribbon

/ PEREEEEEEEEEEEEE s \

FIG. 3 Top View of Polyethylene Placement Over Specimen with Double Perimeter Gaskets
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FIG. 4 Bottom View of Polyethylene Seal at Double-Perimeter Gaskets on Underside of Rigid Panel-Type Specimen or Open Mesh/
Screen for Flexible Sheet Specimen Set-up
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FIG. 5 Rigid Panel-Type Specimen Test Set-up

7.3.1 Apply a self-adhesive gasket ribbon over the rigid 7.3.3 Cut polyethylene film (0.15 mm (6 mils)) to 1400 mm
panel-type test specimen around the entire perimeter of the area 1400 mm;
under investigation (1 nx 1 m);

7.3.2 Alljoints in the gasket ribbons shall be fused or glued;
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7.3.4 Upon removal of the protective paper over the selfbetween the two air leakage measurements is greater than
adhesive gasket ribbon, cover the specimen with the polyetht0 %, the cause of the air leakage rate change shall be
ylene film; identified.

7.3.5 Cut the polyethylene film at each corner as per Fig. 3@ Calculation of Air Permeance

/.3.6 Apply a second self-adnesive gasket ribbon to the 9.1 At each pressure station, the flow rate through the

underside of the specimen (the ribbon shall be applied directl : : .
below the first ribbon installed in 7.3.1), and seal Comergpemr_nen Q) shall be determined by_subtractmg the extrane-
ous air flow rate Q) from the total air leakageQ;).

. : fusi luing:
Jun?Cgo7nSUb)(/)nursclarr17?o(\)/;lg;lrt]ﬁé rotective paper over the self- 9.2 The flow rate equation of the for@ = C A(AP)" shall

et . P bap . be established by fitting the data, and errors estimated. A
adhesive gasket ribbon, fold and tape each corner of the f"rpecommended procedure is provided in Annex Al

\l’:v.'th cpnstructlon tape to ensure complete airtightness as P9 3 Ccalculate the material permeance at the pressure differ-
ig. 4; : .
ences measured. The air permeaneg df a specimen at a

: 7.3.8 From the interior line of the self-adhesive' gaSketgiven pressure differential@) is calculated by the following
ribbon, cut and remove all the excess polyethylene film. equation

8. Test Procedure P Q 1)

A(AP
8.1 Control Tests—The laboratory shall confirm the integ- (AIEP
rity and accuracy of the apparatus by verifying the following: where: _
8.1.1 The impact of the open mesh/screen on the air leakag® = flow rate from the flow rate equation (see 9.2),
rate measurements shall be assessed. If not negligible, it sh M specimen cross-sectional area (%) nand

be taken into account when calculating the air permeance. pressure dlﬁergnce. .
8.1.2 The air leakage rate across one specimen of a 12.5_9.4 An error analysis shall be performed that includes an

mm-thick regular gypsum board shall be determined in accorgzxamlnatlon of the sources of error, an evaluat_|0n of systematic
errors and propagation of error, and the resulting value of error

dance with procedures outlined in 7.3, for a rigid panel-type . .
material. The air leakage rate of the regular gypsum board shaf &' flow values through the material tested.

not exceed 0.02 L/(s - #at a pressure differential of 75 Pa. 10. Report
8.2 Specimen TestirgThe testing on each specimen shall 10.1 The report shall include the following:

be conducted as follows: 10.1.1 Identification of the material tested, including thick-
8.2.1 Install the sealed test specimen on the test chambemess and basis weight.
8.2.2 Install the compression frame over the specimen; 10.1.2 The material sampling procedure used.
8.2.3 Check through the window if the specimen is properly 10.1.3 The measured air flow versus pressure difference
placed; data in graphic form (log/log graph) for the specimens. The air
8.2.4 Anchor the specimen to the test chamber and coniéakage rate at the reference pressure differehBeof 75 Pa
press the gaskets, as required: shall be identified on the graph.

8.2.5 Measure the extraneous air leaka@g)(of the test 10.1.3.1 The flow rate equation shall be established through
2. )

apparatus/specimen at various static pressure differentigs ( Iinea_r fitting of data by method of Ieast squares for the pressure
as follows: 25. 50. 75. 100. 150 and 300 Pa. readings. The coefficient of determination (r2) must be calcu-
VR ’ lated and presented. A regression line based on air leakage data
have a r2 < 0.99 will not be accepted unless proper explana-

rgs?sgrelvcljeif?jrlgr?tig;e tmiﬂ%';('ﬁ?gggtﬁga?: f}/:vc?gtse ?/t:ItLIJCeS tions are given for the deviation. All air leakage rates must be
P S\P), expressed in L/s/m2.

to STP. The air permeance of each specimen shall be deuer'10.1.4 The calculated air permeance versus the pressure
mined with a minimum of six measurements when conducteca- .

in accordance with Test Method E 283. The six measurementsncference In tabular form.

shall be taken as follows: 25, 50, 75, 100, 150 and 300 Pa,  +0-1:5 The eror analysis as described in 9.4.

8.2.6 Cut the top section of the polyethylene film;

) ) ) _11. Precision and Bias
Note 2—A calculation to correct air flow rate values to STP is provided . .
in Section 12.1 of Test Method E 283. 11.1 The precision and bias of the test method have not been

) ) ) _determined.
8.2.8 After measuring the air leakage at the maximum static

pressure differential\P), 300 Pa, remeasure the air leakage atl2. Keywords
100, 75, and 50 Pato determine if the measurement process hadl2.1 air permeance; air retarder; building materials;
effected the air leakage of the material. If the differencebuildings
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ANNEX
(Mandatory Information)

Al. RECOMMENDED PROCEDURE FOR ESTIMATING ERRORS IN DERIVED QUANTITIES

Al.1 This test method contains several derived quantities 1

. . o 1(S-n-S,\2
which are often used to summarize the air tightness of the S”:§ “N=7 (A1.11)
building or component tested. It is important to report an
estimate of the error in such quantities. The following method

) . . . and the estimate of the variance of@)(is given b
is recommended: all derived quantities depend on the estima- s g Y

tion of the air leakage coefficier@ and air pressure exponent N %
nof EqAl.1. To determin€ andn, make a log transformation 21 X
of the variablesQ anddP for each reading. Sho =S\ TN (AL.12)
% = In(dP) (A1.1)
v = In(Q) The confidence limits for Iff) andn are respectively:
fori = 1.N ln©) = Sne) T (95 %,N—2) (A1.13)
I, = S, T(95 %N-2) (A1.14)
where:
N = total number of test r.eao{lngs. Where the values of the two-sided Student distribution
Eq Al.1 then transforms into: (T(95 %, N-2)) are given in Table A1.1. This means that the
y=1In(C) + n-x (A1.2)  probability is 95 % that the pressure exponenlies in the

interval (H ,n+l.) and the air leakage coefficieitlies in the
interval (c - exp'©, ¢ - expgre).

Compute the following quantities: . . N
P 94 The estimate of the variance around the regression line (Eq

%= %iixi (AL3) Al.1) at the valuex is 1

7-13y AL4) 500 -5 (S s+ %) (AL15)
qu:Ni—lél (% —X)? (AL5) Alagdattr;i;xogﬁdence interval in the estimateyotfising Eq
§- Ni—l.g V-7 (AL6) 1,0 = S,(0T(95 %,N-2) (A1.16)

1

1 X Therefore the airflow rat€ predicted by Eq Al.1 at any
Sy=N=1,2, %X =Y (AL7)  pressure difference dP  lies in  the interval
(Q - exphem, Q - expre) with a probability of 95 %. It is
this interval that shall be used to estimate the error in the

Then the best estimate afand InC) is given by: . - .
Cisg y leakage area or the airflow rate across the building material at

n= Sy (AL8) @ reference pressure (for example 75 Pa). In practice, the above
S error analysis can be carried out using standard statistical
INC) = j—n X (AL9) computer programs.
C=exp¥ "% (A1.10) TABLE A1.1 Two-Sided Confidence Limits T (95 %, N-2) for a
Student Distribution
N-2 3 4 5 6 7 8 9 10

The 95 % confidence limits fd€ andn can be determined as
follows. The variance of is given by the estimate:

T(95 %, N-2) 3.182 2.776 2571 2447 2365 2.306 2.262 2.228
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



