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ABSTRACT

This note describes a cest rnethod for deterrninatlon of air flow
resistance of exterior membranes and sheathings. The test specimen is
placed between two chambers wl-th different alr pressures and the volumetric
air ftow rate Èhrough it at a steady state is deÈermíned. The relevant
experimental quantities can presently be measured with precision beEter than
0.5% and wlth an accnracy of 2 Eo 3%, using commercial instrurnents.
However, the lnstrumental precision does not mean much, due to the
uncertainty introduced by material variabilíty normally occurrlng ln
comrnercial proclucts. This aspect of Ehe EesÈ rnethod is studled and a
practical test procedure is suggested.

INTRODIJCTION

The objective of this study 'útas to develop test methods appllcable to
breather type rnembranes and exterLor sheathing, for consideratíon by
Canadlan General Standards Board (CGSB). luloisture control cornmiÈEee of
CGSB, responsible f or Ehis standard (CAN2-51 .32-l'177), decided that f or
adequate materíal characterization, ln addition to the water vapour
transmissl-on test, air permeability and water penetration resistance Eests
should also be performed.

Slnce there are no ASTT',Í test methods available for this purpose,
Ì'laterlal Evaluation Department of Canada ìlortgage and Housing Corporation
reqrreste<l Ehat the Division of Builtling Research develop a ne\t E.esE method
for determination of alr flow resistance of exterior membranes. The CGSB

Committee will review the proposed Eest method and recommend the criteria
for material acceptance.

The relevant experirnental quantiEíes to be deterrnined in the test
method are â volu¡retric rate of air flow and a correspooding pressure
{ifference. These tvro quantiEies can presently be measured with a precision
better Èhan 0.5% and with an accuracy of 2 to 3%, using commercíal
instruments. However this precision and accuracy will not mean much, due to
Ehe uncerËalnty introduced by material variabilíty in commercial products.
This aspect of the test meEhod is studied and a practical test procedure 1s
suggested.

THEORY

A unirlirectíonal stearly laminar flow of air through a porous rnembrane

of thickness e, from a region of pressure, pl, to one of pressure p, is
represented in Figure 1. From Darcy's lawr
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r.Ihere:

Q = volumetric flow rate of air,
A = normal cross-sectÍonal area of Ehe rnembrane,
r = inÈrinsic air permeabillty of the membrane,
¡ = dynamic viscosity of air,

AP = difference ín "piezornetric pressure" of aír across the
membrane.

If the air pressure p, is not signi-ficantly larger than atmospheric
pressure p2 (and hence the-difference pt - pz is not large) for all
practÍcal purposes

AP*pz-pl (2)

and equation (l) becomes

Q=r.Ap (3)
Ane

where: Ap = pL - pz.

Equation (3) is applicable to homogeneous materials and nembranes.
Ilowever, exterior membranes and sheathings are non-homogeneous. For
practical application, therefore, lt 1s useful Èo deflne the air flow
resistance2 (n) of the specimen as

R=A.e
K

(4)

From equations (3) and (4)

(5)

Thus from an experlmental setup compatible wiÈh Ehat shown in Figure 1,
measureruenEs of Q, Ap an,il A may be used Eo evaluate R. The air flow
resisÈance determlned will be an average property of the membrane for the
metering area an<l so the membrane need not be homogeneous or of uniform
thickness. The analogy between air flow reslstance, as defined here, and
apparent thermal resisEance of a thermal insulatlon is obvious.

INSTRUMENTS

The experimental setup for the determinaÈion of air flow reslstance is
shown in Figure 2. The chambers A and B are macle of plexiglas cylinders.
The t.est specimen is placed between these chambers to separate them and held
air tight with the help of an'0'ring (Fígure 3); further, the assenbly is
held together by a pressure jack. Compressecl dry air from a regulating
valve is admítted Èo the upper container. This air flows Ehrough the porous
specimen into the lower compartment, which is open to the aEmosphere.
Consequently an appropríate steady state is ruaintained in the assembly.
Different steady states can be achieved by changing the air pressure ln the
chamber A.
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The steady state flow rate (Q) fn equatfon (5) is measured by flow
meters connected between the regulatl-ng valve and the upper chamber
(Flgure 2). Three dlfferent flow meters lrere used durlng the course of thts
study:

1) model 8141 nanufactured by Matheson, wLth a measurlng range of 0 to
5 cm3.mln-1,

2) model 600 nanufactured by Matheson, wf.th a measuring range of 0 Èo

150 cm3.nLnlI,
3) model FM4333 manufactured by Union Carbide, with a measurLng range of 20

to 900 cm3.tnln- I .

These flow meters were callbrated accordlng to the soap bubble rnethod
commonly used 1n chromatography. A Hastings mlnt-flow calfbrator (rnodel
HBM-14) was used for thfs purpose. The accuracy of this equipment is
estLmated to be O.257..

Alr pressure dl-fference across the speclmen was measured by usíng
eLther

a) Valldyne differenÈlal pressure transducer wlth model CDC 23 demodulator
and a measurlng rânge of 0 to 100 Pa, or

b) nlcromanometer MPGKDF manufactured by Air Instruments Resources Ltd.
(Chalgrove, Oxford, UK), with measurlng renges of 0 to 0.5, 0 to 21 0 to
5 and 0 to 6 kPa.

These lnstrunents !ùere checked by conparing wlth a "Dwyer üJater
Manometer" callbrated at the Divlslon of Physlcs, NRC. The accuracy
depended on the absolute value of the pressure. For example, fron 20 to
500 Pa, the estlmated lnaccuracy fell fron 6 to 2.4%. For Èhe pressure
range used Ln thls tesÈ method, the accuracy of the lnstruments fs wlthin 2

Eo 47".

The metering area A ln equatton (5) is deflned by the fO' rlng. Under
the clamping pressure of about 10 kPa, compression of Ehe O-ring reduces the
meterlng area Èo 143.6 cn2. Thus A = 143.6 t 0.3 cm2 has been used.

Accordlng to equaÈion (3) one measurement under steady stete conditlon
is sufflcl-ent to determlne the ratio (¡p/q). Ilowever this ratl-o could be
more precisely determined by neasurlng Âp as a function of Q and by a
subsequent leasÈ-squares analysls.

PRECISION OF THE TEST METHOD

The precision of the test nethod was estimated by studyfng the air flow
reslstance of grade I and grade 4 quantLtative fllter papers, as follows.
One specimen of grade I ftlter paper was used first to check the precl-eion
wLÈh whlch Q and Âp are measurable. Eight flow rates fron 3.34 to
150.3 m3.s-I were chosen arbitrarl-ly. These flows were reproduclble wl-th a
precÍsion beÈter than 0.257,. In a series of measurements these flows were
reproduced five tLmes and each Èime the corresponding pressure dlfferences
were measured. The average deviation of these pressure measurements ûras
0.05 Pa and the pressure differences measured were between 0.9 and 26.3 Pa.
The average precLsLon attainable in thLs range ls thus better than 0.5%.
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Four other serles of measurements were done under the assumptlon that
Èhese ftlter papers are ldeally honogeneous materlals. :fn the eecond
series, fLve dlfferent grade 1 papers were ueed and 1n the thlrd serLes,
five dlfferent grade 4 papers. In the fourth series, five grade I papers
rdere stacked together ln five dlfferent orders and each resultant stack was
studled as a separate membrane. The ftfth serles wa6 a repetition of serles
three wlth ffve grade 4 papers put together. The results are summarized in
Table 1 and the ll-near dependence of Ap on Q is shown Ln Flgures 4 and 5.
Results of the ll-near least-squares analyses are given In Table 2. The
values of the lntercept and the slope were found for each serles of
measurements. In prlnciple, the Lntercept should always be equal to zero.
In practlce, the residual valuee for the lntercept, shown 1n Table 2, are a
measure of experimental lmprecLsLon. The influence of thls lmprecislon on
the calculated R'value for flow rates htgher than 20 ct3'ntn-I ls
negllgible. The slopp (¡p/q) ln equatlon (5) ie determlned 1n each case
wlth a sEandard error <L.LI" and thls Ls a measure of the overall precisLon
attalnable from this test nethod.

PILOT STUDY ON SELECTED COMMERCIAL PRODUCTS

The preclsion quoted above 1s valid for ldeal materials wlth uniform
pore slze and distribution, like the flLter papers used in the serles. For
real materials this fdeal situatlon 1s seldom reallzed. Ilence, the
following pilot study was undertaken to formulate a test procedure for
commercial products. Ten rolls of breather membranes or papers were
selected fron products delfvered by various Canadian manufacturers.
Specimens were taken from random locatlons on each ro11 and each speclmen
was desfgnated wfÈh a ro11 number and a specimen number. The different
samples chosen included membranes such as asphalt-saturated felt (both plain
and perforated), saturated building paper and breather type sheathlng and
pl-astic nembranes.

From each roll four specimens were studied. The results are summarl-zed
ln Tabl-e 3, along Írlth an approprlate statlsElcal analysls. The Èest nethod
when applled to nearly ldeal membranes llke ftlter papers allows a

determlnation of alr flow reslstance wfth a varLation of 2 to 47". At the
same tlme, as seen fron Table 3, sinflar tests on commerclal nenbranes can
resulÈ ln a varl-atlon of 50 to 100%. Thie large varlation fs attrlbutable
to material lnhonogeneLty. However lt nay be lnportant to look at thLs
varlabl-li-ty 1n terma of the size of the metering area and the number of
specÍmens t,ested.

The s Ize af the meterlng area lndeed fnfluences the air flow
resistance, as is denonstrated from the followlng measurements wlÈh a Gurley
densometer on membranes 7 and 10. The densometer meaaures the tlne taken by
100 cn3 of alr at a pressure of 1.2 lcPa to flow through a 5 cm2 area of Èhe
rnemlrrane. VarLous measurements on nembrane 10 recorded tlnes between 26 and,

75 s and on membrane 7, between 8 and 306 s. Thus 5 cm2 Ís far too emall a

meterLng area for naterlals wlEh large spatlal varfabl-llty. The area chosen
for Èhe EesÈ method descrlbed here ls approxLüately 30 tlnes larger than the
meterlng area ln the densometer; ft wf11 reduce the varlability of the
resuLts conslderably. ThÍs meterlng area f.s also fl-ve tlmes larger than the
mlnlmum requlred in the sfun1lar test for water vapour transmlssLon,
descrfbed by ASTII Standard test method E96-80.3
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Since maÈerial non-unlformity lntroduces large variabílity in the test
resulÈs, one rüay Èo overcome this is Èo increase the number of specimens
studied. However, for practical and economlc reasons thls number will have
to be kept relatívely snal1. Results obtained by studying flve specimens
from each sample may reduce the varlablllty to an acceptable level.

APPLICATION OF T}IE TEST METHOD

The t.est method described above was used to determine air flow
resi-stances of fifteen different membranes; these included the ten samples
used for the pllot study and five additional sanples.

The followlng test procedure was specified:

1) five specimens to be tesEed and the average of five results reported as
alr flow resistance of the material;

2) at leasE four <lata pairs to be used to calculate the air flow
resis tance;

3) as appropriate for any specimen, pressure dlfferences ranglng between I
and 1200 Pa and air flow rates rangl-ng between 20 and 900 crn3.mLnll to be
used.

The resulÈs of these studies are summarized in Table 4. By lncreasíng
the nunber of speclmens from four ln the pilot studies to five, the width of
a confidence interval calculated on a 951l probabiliEy level 1s slgnificantly
reduced (e.g. Lrom 977. to 577.). The uncertainties are still relatívely
high, but the average values of the alrflow resistances listed in Table 4

are acceptable for material characterization and practical calculatíons.

The test rnethod for determination of air flow reslstance nay be applled
to membranes or to sheathing materials. In the latter case tI^to additional
requirements should be specifted: (1) naximum thickness of the specímen,
and (2) sealing of the e<lges. Specinen thickness w111 be limited to 32 urm,

similar to the requirements of the ASTM E96-80 standard.3 The seal of
paraffin vrax on the specimen edges may also be used (see Figure 6). A
sinpler procedure, applicable for homogeneous materials wlth low air flow
reslstance, consists of Cesting larger speclmens so that the metering area
is enclosed by a collar 3 to 5 cm wide, whi-ch provides sufficient resistance
to Ehe lateral flow of alr.

In summary, the proposed test nethod was suitable for testing both
rnembranes and boards. The objectives formulated for this projecÈ have been
achieved by the developmenÈ of the Eest method. Collecting data on
different materlals is beyond the scope of Ehe test method development.
However, 1n engineering applicatlons a new test method rnay only be accepted
when its applicability ís proven with respect to naterials of known
performance. To generate some comparative data, a few air barriers and
exEerlor sheathtng materials were tested. The results are summarized Ín
Table 5.
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Table 1. volumetric flow rate of afr (Q) and pressure dífference (Ap),
fllter ÈesE serles 1 to 4. Numbers in parentheses are standard
deviations of fíve fndependent measurements.

Q'toz
^p 

(Pa)

2 -ImJ. s ¡ Series I Serles 2 Series 3 Series 4

(0.1)
(o .1)
(0.1)
(0.2 )
(0 .2)
(0.1)

1.1
2.9
6.9

12.2
L7.O
24.s
31.0
38.8

(o.o)3.0.5
1.0
r.7
2.9
3.9
5.5
7.L
8.8

0.1)0.9
1.9
4.4
8.2

11.4
16.4
20.8
26.3

3.34
10 .02
26.72

0.1)
0.1)
0.1)
0.2>
0.2)
0.2 )
0.2 )

(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.

B.
20.
36.
51.
74.
93.

TT7.

0
3
3
7

2
0
6

5

0)
o)
o)
1)
2>
4)
4>
4>

(
(
(
(
(
(
(
(

(o .1)
(0.4)
(0.3 )
(0.4)
(0.6 )

76
80
52
24
30

46.
66.
93.

L20.
1s0.

( 0.1)
(0.1)

(1.0)
(0.6)

Table 2. Summary of
res istance

linear least-squares analyses and mean air flow
(R); numbers ln parenthesis are standard errors.

Series
No.

InÈercept
pa

AP- . to7

8". 
". 

r-3

St andar<1
devl-ation

pa

Linear
correlation
coefficient

R.l0-4
P¿. g . ¡-l

I
2

3

4

0.06
o.2B
0.08
0. 18

(o.rz¡
(0.06 )
(0.3e)
(o .12 )

0.173 (0.002)
0.0563 (0.0007)
0.780 (0.008)
0 .2s7 (0 .002 )

0.2
0.1
0.7
0.2

0.9998
0.9995
0.9999
0.9999

2 .44 (0.03)
0.80 (0.06 )

11.20(0.06)
3.68( 0.00)
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Table 3. Air flow resistance
during pllot study.
1eve1.

(n) of commercial rnembranes, as deÈermined
Confidence interval refers to 951l probablllty

Ro11
No.

R.1O-4
Pa.s.m-Ì

Spec.l Spec.2 Spec.3 Spec.4 Average

Confidence interval

rAR
P¿.g.m-l percent

I
2

3

4

5

6

7

8

9

10

4r3.9

10.53

38.9

L6.7

079.0

66.r

577.L

T7 3.I

138.6

5.74

355.8

4.57

40.6

15 .3

250.6

trz.4

632.0

r53.7

L44.6

5.42

332.4

6.01

34 .8

16.2

387 .6

82.9

787.7

L43.2

186.3

6.31

350.6

11.88

31 .9

16.3

227.0

67 .7

43L.6

L46.7

181. s

5.92

363.4

7 .84

36.2

L5.7

485.8

82.3

607 .3

153.8

L62.6

5.88

42

10

26

176

16

30

0.4

11

50

13

4

97

31

29

10

1B

7

5

I

482
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Table 4. Air flow resisEance (R) of mernbranes. Confidence interval
refers to a 957" probability leve1.

R. l0-4
P¿.g.¡¡-I

Membrane
No. Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5

Mean
value

Confldence
interval
percent

1

2

3

4

5

6

7

I

9

10

11

L2

13

14

15

284.3

s.96

40.L2

L7.0

24s.6

34.4

7 3L.4

194.5

L59.7

s.51

136.0

40.8

257 .9

1 .61

86.4

289 .0

9 .16

36.0

16.8

34r.4

133 .5

s55.6

205 .1

L79.8

6. sl

184.1

28.0

242.I

1.03

80 .3

370.3

7.74

35.7

16.B

265.O

5s.4

473.3

165.9

17 4.3

6 .01

151.8

L4.6

198.6

1.90

7 L.9

354.6

4.92

37 .1

25.L

282.2

37 .9

630 .1

165.0

2t2.3

6.45

155.1

27 .O

266.2

3 .36

90.5

445.5

4.22

33 .5

l-5.2

254.9

81.9

389.8

L7 6.L

2L6.2

4.83

279.9

22.8

182.1

2.56

89.3

348.7

6.86

36.2

18.6

27 8.2

68.6

556.4

181.2

188.1

s.88

181 .2

26.4

229.2

2.06

83.3

18

30

6

20

13

57

23

9

L2

11

30

34

15

4T

9
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Tab1e 5. Air flow resistance of selected alr barrLerg and exterlor
sheathing materfals.

Materlal
Average R

Pa.g.m-I
Range

Pa. s. m-l

0.15 mn (6 nfl) polyethylene

0.05 mrn (2 rn1l) polyethylene

0.15 nm (6 n11) polyethylene
with one plnhole (0.8 rnm)

25 mm Èhick polystyrene

12 nn thlck lnsulating
flbreboard sheathing

no measurable air flow

no measurable aLr flo¡¡

4.4.LO7

1 .6. 104

4.6. 104

2.5'7.8.107

0.8-2.8.104

3.6-5.3.10+
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