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Standard Test Methods for
Gravimetric Determination of Water Vapor Transmission
Rate of Materials’

This standard is issued under the fixed designation E96/E96M; 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 epsilon (&) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope

1.1 These test methods cover the determination of water vapor transmission (W-VH)-of-materials-through—which-the-passage-of

water-vapor-may be-of importanee,sueh-asrate (WVTR) of materials, such as, but not limited to, paper, plastic films, other sheet
materials, coatings, foams, fiberboards, gypsum and plaster products, wood products, and plastics. The-test-methods-are-timited

m—spmmem—m%over%Aﬁ—B%mnﬂ—m—ﬂﬁekmsmeep%as—pfmmledﬁ—Seeﬁm@—Two basrc methods the Desrccant Method

and the Water Method are provrded for the measurement of p

In these tests, the desired temperature and side-to- srde hum1d1ty condrtrons with resultant vapor dr1ve through the specimen, are
used. Agreement is not to be expected between results obtained by different methods. The method-should-be-seleeted-that-more

nearly-approaches-the-conditions-ofase:test conditions employed are at the discretion of the user, but in all cases, are reported with
the results.

1.2 The values stated in either Inch-Pound or ST units er-inch-peund-units-are to be regarded separately as standard. The values
stated i in each system mayare not benecessarrly exact equrvalents therefore, each system shall be used mdependently of the other

Derived results are converted from one system to the other using approprrate conversion factors (see Table 1)

1.3 This standard does not purport to address all of the safety problems;concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appropriate safety-safety, health, and healthenvironmental practices and
determine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
C168 Terminology Relating to Thermal Insulation
C1809 Practice for Preparation of Specimens and Reporting of Results for Permeance Testing of Pressure Sensitive Adhesive
Sealed Joints in Insulation Vapor Retarders

! These test methods are under the jurisdiction of ASTM Committee C16 on Thermal Insulation and are the direct responsibility of Subcommittee C16.33 on Insulation
Finishes and Moisture.

Current edition approved Mareh—+-26+6Sept. 15, 2021. Published Aprit-26+6December 2021. Originally approved in 1953. Last previous edition approved in 26452016
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1 TABLE 1 Metrie-Units and Conversion Factors*”®
To Obtain (for the

Multiply by same test condition)
WYT
WVTR
g/h-m? 1.43 grains/h-ft?
grains/h-ft? 0.697 g/h-m?
Water Vapor Permeance (WVP)
ng/Pa-s-m? 1.75x 1072 perm
2 1.75 %107 ——1 Perm {inch-pound)

g/Pa-s:m? 1.75 x 107 perm

perm 57.2 ng/Pa-s-m?
~1 Perm (inch-pound} 572 %1078 - g/Pasm”®

erm 5.72x 1078 g/Pa-s:-m?
Permeability

ng/Pa-s-m 0.688 perm-inch
—gfPas-m 688108 —Perm-ineh

g/Pa-sm 6.88 x 10° perm-inch

perm-inch 1.45 ng/Pa-s-m
—1 Perm-inch R e - g/Pasm

perm-inch 1.45 x 107° g/Pa-s-m
A These units are commonly used in the construction trade—Otherunitsrray-be
and building materials industries. Additional units are used in other
standards:-industries, such as packaging.

B All conversions of mm Hg to Pa are made at a temperature of 0°C.

D449/D449M Specification for Asphalt Used in Dampproofing and Waterproofing

D2301 Specification for Vinyl Chloride Plastic Pressure-Sensitive Electrical Insulating Tape

E177 Practice for Use of the Terms Precision and Bias in ASTM Test Methods

E691 Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method

3. Terminology

3.1 Definitions of terms used in this standard will be found in Terminology C168, from which the following is quoted:

“water vapor permeability—the time rate of water vapor transmission through unit area of flat material of unit thickness induced
by unit vapor pressure difference between two specific surfaces, under specified temperature and humidity conditions.

Discussion—Permeability is a property of a material, but the permeability of a body that performs like a material may be used.
Permeability is the arithmetic product of permeance and thickness.

water vapor permeance—the time rate of water vapor transmission through unit area of flat material or construction induced by
unit vapor pressure difference between two specific surfaces, under specified temperature and humidity conditions.

Discussion—Permeance is a performance evaluation and not a property of a material.

water vapor transmission rate—the steady water vapor flow in unit time through unit area of a body, normal to specific parallel
surfaces, under specific conditions of temperature and humidity at each surface.”

4. Summary of Test Methods

4.1 In the Desiccant Method the test specimen is sealed to the open mouth of a test dish containing a desiccant, and the assembly
placed in a controlled atmosphere. Periodic weighings are used to determine the rate of water vapor movement through the
specimen into the desiccant.

4.2 In the Water Method, the dish contains distilled water, and the Welghmgs are used to determme the rate of Vapor movement
through the spe01men from the Water to the controlled atmosphere he—v ; y

4.3 Given a common controlled atmosphere, the vapor pressure difference is nominally the same in both methods, but the water
method exposes the specimen to higher humidity, which potentially affects the water vapor transmission through the material. The
controlled atmosphere temperature and humidity levels are selected by the user.
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5. Significance and Use

5.1 The purpose of these tests is to obtain, by means of simple apparatus, reliable values offor water vapor transfer throtgh

permeable-and-semipermeable-rate through materials, expressed in suitable units. These-values-are-for-tse-in-design,-manufactare;
and-marketing-Apermeance A WVTR value obtained under one set of test conditions maynetindieate-is not necessarily indicative

of the value under a different set of COIldlthIlS For th1s reason, the test conditions shou-}d—are to be selected that most closely
approach the conditions of use. While-an e b i standa pdittonsCom-
monly used conditions are shown in Appendlx Xlt—h&t—h&vehbeen—useﬁi-l—afe—s‘hewn—rn Where tests are conducted for cla551ﬁcatlon
Appendix—>Xtor compliance purposes, environmental conditions are typically defined in product standard specifications.

6. Apparatus

6.1 Test Dish—The test dish shall be of any noncorroding material, impermeable to water or water vapor. f-may-be-of-any-shape:
There is no specified shape or maximum size for the test dish. Light weight is desirable. A targe;-shallow dish is preferred, but its
size and weight are limited when an analytical balance is chosen to detect small weight changes. The mouth of the dish shall be
as large as practical and at least 4.65 in.? [3000 mm?}-] in area. The desiccant or water area shall be-not be less than the mouth
area except ffwhen a grid is used, as provided in +2-+13.1, with its effective area shalt-not exeeedexceeding 10 % of the mouth

area. Aﬂ—eﬁefﬂa-l—A ﬂange or ledge around the mouth toon Wthh the spe01men mﬁy—be—&ttaehed—ls—useﬁﬂ—when—s-hfm-kmg—of

depfh—ébe}ow—the—mm&héﬂs—saﬁefaetoﬂ#fo%er&mﬁmethodconﬁguranons are allowed.

6.1.1 When the specimen area is larger than the mouth area, this overlay upon the ledge is a source of error. The magnitude of
this error increases with the width of the overlay upon the ledge. The overlay material results in a positive error, indicating
excessive water vapor transmission. To minimize this error, this overlay material is to be masked as described in 11.1 so that the
mouth area defines the test area. The magnitude of the edge mask error is a complex function of the specimen thickness, ledge
width, mouth area, and in some cases the specimen permeability. This error is discussed by Joy and Wilson (1)° (see 14.4.3). This
type of error is to be limited to no more than 12 %. For a thick specimen the ledge width shall not exceed % in. [19 mm] for a
10-in. [254-mm)] or larger span mouth (square or circular) or '8 in. [3 mm] for a 5-in. [127-mm] span mouth (square or circular).
For a 3-in. [76-mm] span mouth (square or circular) the ledge shall not exceed 0.11 in. [2.8 mm] wide. An allowable ledge that
limits error to 12% shall be determined by interpolation for intermediate sizes. Per Joy and Wilson (1), using Equation 7, it is
possible to solve for the ledge width that results in a specific or lower error rate. To achieve a lower error rate or to calculate specific
intermediate ledge widths, the ledge width is solved for using Equation 7. When a rim is incorporated, it shall not be more than
4 in. [6 mm] higher than the specimen as attached. See sections 12.1 and 13.1 for requirements for the clearance for the test dishes
for the Desiccant Method and Water Method, respectively.

6.2 Test Chamber—The room or cabinet where the assembled test dishes are to be placed shall have a controlled temperature (see
Notedﬁ-and relative humidity. Some—standard—Common test Condltlons t-ha-t—haﬁv&been—usefu-l—af&g-rveﬂare listed in Appendix X1.

3 § If not listed among these, temperature and
relative hum1d1ty correspondlng to the 1ntended apphcatlon of, or spemﬁcatlon for, the material to be tested (see Appendix X1y
The-relative—) are used. Refer to product standard specification for test conditions for classification or compliance purposes.
Temperature shall be maintained at = 5 °F [2.8 °C] at a given measurement point, with the average at the end of the test period
belng within * 2 °F [1 1°C] of the spemﬁed test condltlon Relatlve humldlty shall be malntalned at %J‘%—%—ﬁeept—whefe

i 3 S W midity-*= 5 %
at a given measurement point, with the average at the end of the test perlod being w1th1n + 2% of the spe01ﬁed test condition.
Provisions shall be made to prevent water from dripping onto the surface of a specimen when tested at high humidity, when
condensation on the chamber walls is possible. Both temperature and relative humidity shall be measured frequentltyand or

3 The boldface numbers in parentheses refer to the list of references at the end of this standard.
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preferably-recorded-contintousty—recorded at a frequency of at least once every 15 min for the duration of the test. Air shall be
contmuously circulated throughout the chamber, wrth a Velocrty sufﬁcrent to maintain uniform conditions at-att-testtecattons—Tthe

W m w1th1n the chamber Test drshes shall be placed
- hat-bep hteh n-the air flow is not
restricted over the top of the specimen. Barometnc pressure shall be measured and recorded at every We19h1ng for use in the still
air correction. See 15.6.1.1test-chamber:.

6.3 Batance-andWeights—Balance—The sensitivity of the balance shall be sensitiveequivalent to a change smalterthan—+%-of
1 % or less of the dish assembly weight ehange-during the period when a steady state is considered to exist. The-wetghtstsed-shatt
be-aceurate-to1+-%of-If the sensitivity is greater than 1 % of the observed weight change during apparent steady state, weighing
shall be extended until such a p01nt that the Welght change d-trﬂng—t-hf%stead-y-sfafe—peﬂed—ls at least 100 times the sens1t1v1ty of
the balance (Note 21) A-hight-wire-sling y ge Ve ;

Note 1—For example: 1-perm [57 ag-Pang-Pa-1-s"'-s21-m] specimen 10 in. [254 mm] square at 80°F [26.7°C] passes 8.6 gralns or 0.56 g/day. In 18 days
of steady state, the transfer is 10 g. For this usage, the balance must have a sensitivity of 1 % of 10 g or 0.1

g. If, however, the balance has a sensitivity of 0.2 g-orthe-wetghts-are-ne-better-than0-2-g, the requirements of this paragraph ean-be-are met by contlnurng
the-weighing at steady state conditions for 36 days. An analytical balance that is mueh-more sensitive will permit more rapid results on specimens below
1 perm [57 ng-Pa’'s"-m™?] when the assembled dish is not excessively heavy. See Appendix X4 for additional discussion regarding measurements on

near zero-water vapor permeance (WVP) materials.

6.4 Thickness-Measuring Gage—The gage shall have an accuracy of =1 % of the reading or 0.0001 in. [0.0025 mm], whichever
is greater.

7. Materials

7.1 Destceant-andWeater—Desiccant—

small pellets that will pass a No 8 [2 36- mm] sieve, and free of fines that will pass a No 30 [600-um] sieve, shall be used. Recycled
desiccant shall be dried at 400°F [200°C]to a constant mass before use. Recycled desiccant shall be stored in a sealed container
and be at room temperature before use. Virgin material that has been in a sealed container does not have to be dried before use.

7.2 Water—For the Water Method, distilled water shall be used in the test dish (Note 2).

Note 2—In order to minimize the risk of condensation on the interior surface of the sample, the temperature of the water in the prepared specimen dish
must be within +2°F [ 1°C] of the test condition. When weighing the test dish in an environment that is cooler than the test temperature, take precautions
to minimize the duration that the test dish is outside the test conditions.

7.3 Sealant—The sealant used for attaching the specimen to the

festsfant—dmh must be i 1mperv10us to the passage of Water Vapor (and Water) {t—mttst—not—lose—wetght—to—edhgam—wetght—frefn—the

the*a-per—preswre—m—a—water—ﬁlled—d-rsh—Melten—Seals of molten asphalt or wax isare requrred for permeaneetests producmg result
below 4 perms—230perms [230 ng-m>s-s'-Pa’']. Sealing methods are discussed in Appendix X2.
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8. Sampling

8.1 The material shall be sampled in accordance with standard methods of sampling applicable to the material or product under
test. Fhe—For homogenous materials, the sample shall be of uniform thickness. ¥When the material-is—of nonsymmetricat
eonstraetion;-opposing faces of a product are dissimilar, the two faces shall be designated by distinguishing marksidentification
(for example, on a one-side-coated sample, “T” for the coated side and “II” for the uncoated side).

9. Test Specimens

9.1 Test specimens shall be representative of the material tested. When a product is designed for use in only one position, three
specimens shall be tested by the same method with the vapor flow in the designated direction. When the stdesfaces of a product
are indistinguishable, three specimens shall be tested by the same method. When the sidesfaces of a product are different-and-either
stde-may-face-the-vapor-souree;four-different, and the location of the vapor source is independent of the installation, six specimens
shall be tested by the same method, twethree being tested with the vapor flow in each direction and so reported. A blank specimen
for both orientations is required (see 9.6).

9.2 Materials of homogeneous composition and physical structure shall be tested at any thickness to determine water vapor
permeance (WVP). When determining permeability, the specimen must be a minimum of %2 in. [12.5 mm] thick.

9.3 A stab;produced-and-used-as-ataminate-slab of a singular material that varies in physical structure by layer (such as a foamed

plastlc or rubber with natural “sklns”) fﬁayshall be tested rnat the thlckness of use. %Hefﬂaﬁve}y—rt—nﬂ-y—be—sheed—rﬂte—wve-eﬁnere

9.4 In-ettherease{When a material has9:2 a pitted or 9:3);-textured surface, the tested overall thlckness if less than that of use,
shall be at least five times the sum of the maximum pit depths in both its faees S g

5-perms{=~300-ng-mfaces.2-s--Pa'}:

9.5 When testing pressure sensitive adhesive sealed joints used in insulation vapor retarder systems, prepare the specimens
according to Practice C1809.

9.6.1 All tests require an additional blank specimen to be tested exactly like the others, except that no desiccant or water is put

in the dish. Failure to use this blank specimen to establish modified dish weights may significantly increase the time required to
complete the test. The time to reach equilibrium of water vapor transmission increases as the square of thickness. Some thick,
particularly hygroscopic, materials take as long as 60 days to reach equilibrium conditions.

9.6.2 The blank specimen is used to cancel out the effects of barometric pressure changes eliminating the need for buoyancy
corrections, moisture changes of hygroscopic materials, and mass changes of uncured specimens. This enables simpler, more
accurate calculations and reduces the time to establish steady state mass change.

9.6.3 The blank specimen becomes the fourth specimen of a standard three dish test set.
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10. Specimen Thickness Measurement

10.1 When testing permeability of homogeneous materials, the overall thickness of each specimen shall be measured. Divide the
specimen into quadrants and measure each quadrant with a gage meeting the requirements of 6.4, and average the results.

11. Attachment of Specimen to Test Dish

11.1 Attach the specimen to the dish by sealing tand-elamping-if-destred)-in such a manner that the dish mouth defines the area
of the specimen exposed to the vapor pressure in the dish. If necessary, mask the specimen top sutfaee;-surface that is exposed
to conditioned air so that its exposure duplicates the mouth shape and size and is directly above it. A template is
reeommendeduseful for locating the mask. Thoroughly seal the edges of the specrmen to prevent the passage of vapor into, eﬁout
of, or around the specimen edges or any portion thereof. Fhe d
their-defined-areas—Suggested methods of attachment are descrlbed in Appendrx X2.

11.2 It is possible that some specimens will warp and break the seal during the test. The risk is reduced by preconditioning the

specimen to the controlled environmental conditions of the test for 24 hours, while mechanically restraining it to the dish.

12. Procedure for Desiccant Method

12.1 Fill the test dish with desiccant within Y4 in. [6 mm] of the specimen. Weigh the amount of desiccant placed in each dish.
Leave enough space so that shaking of the dish, which-must-to be done at each weighing, will mix the desiccant.

12. 2 Attach the spec1rnen to the dish (see 10111 l) and place it in the controlled chamber;-speetmen-up;-weighingitatonee—(This

Jenvironment room or chamber.

12.3 Weigh the dish assembly periodically, often enough to provide-eight-or-tenobtain at least six data points during-the-test:at
steady state. A data point is the weight at a particular time. The time that the weight is madeshoulddetermined shall be recorded

to a precision of approximately 1 % of the time span between successive weighing. Thus, if weighings are made every hour, record
the time to the nearest 30 s; if recordlngs are made every day, a time to the nearest 15 min would-be-atowed—At-first the-weight
y W he-is allowed. The initial rate of change is substanttatty-constant:
Wetgh-mgs—sheﬂ-ld—benot necessarlly the steady state rate of change. Weighings are best accomplished without removal of the test
dlshes from the controlled a-t-mosphef&envrronment but if removal is presetibednecessary, the time the—specimens—arekept-at
; y h-should-shall be kept to a mrnrmum When—resn-l-ts—of—wa-ter—v&pof

a—dummy—speetmen—sheiﬁdspecrmen shall be utlhzed Such a blank specrmen shall be attached to an empty cup in the ﬂorma-l

manner—The-same manner as the test specimens. This allows the environmental effects of temperature variation and buoyancy
variability due to barometric pressure fluctuation eanto be ar1thmet1cally ta-redcorrected out of the Werghmg Values This precaution
permits earlier and more reliable achievement of ; e t-steady state.43-+

12.4 Term1nate the test or change the desrccant before the water added-toabsorbed by the desiccant exceeds 10 % of its starting
; e equired—The desiccant gain maybe-more-ortessthan-the-dish

-is isolated using the blank specimen to adjust for moisture

welght his

12.5 Analyze the results as prescribed in 14.1.

Note 3—The WVTR of some materials (especially wood and paper) is influenced by the ambient relative humidity immediately before the test. A
hysteresis results in higher WVTR when the prior relative humidity is above the test condition and vice versa. As such, specimens of wood and paper
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and other materials with significant moisture content are to be conditioned to constant weight in a 50 % relative humidity atmosphere before they are
tested.

13. Procedure for Water Method

13.1 Fill the test dish with distilled water to a level ¥4 = V4 in. [19 = 6 mm] from the specimen. The air space thus allowed has
a small vapor resistance, but it is necessary in order to reduce the risk of water touching the specimen when the dish is handled.
Such contact invalidates a test on some materials such as paper, wood, or other hygroscopic materials. The water depth shall be

not less than ¥4 in. [3 mm] to ensure coverage of the dish bottom throughout the test. However,if the-dish-ts-of glass; When using

a glass dish, its bottom must be visibly covered at all times but no specific depth is required. Water-surges-may-bereduced-Reduce
water surges by placing a grid of light neneorrodingnon-corroding material in the dish to break the water surface. This grid shall
be at least %4 in. [6 mm] below the specimen, and it shall not reduce the water surface by more than 10 %.

13.2 Weigh-the-dish-assemblyAttach the specimen to the dish (see 11.1 ! and place itin the controlled ehambefenwronment on a
{-rue—horrzontal surface. Follow the procedure glven in H—312 3—¥+h

Note 5—When the test specimen is going to be exposed to an environment that is more than 5°F [3°C] below the controlled environment, condensation

is possible on the inside surface of the specimen. To reduce the chance of this occurring, care shall be taken to minimize the time the specimen is outside
of the controlled environment.

13.3 Where water is expected to be in contact with the barrier in service, proceed as in H-313.2 except place the dish in an inverted
position. The dish must be sufficiently level SO that water covers the inner surface of the specrmen despite any distortion of the
specimen due to the weight of the water. With-highlty-permeable-speeimens eeia ate-Locate the test dish
so that air circulates over the exposed s v y—Fh hes-may-beptaced-surface. Place the test dishes
on the balance in the upright position for werghmg, but keep the perrod during which the wetted surface of the specimen is not
covered with water must-bekept-to a minimum.

14. Determination and Utilization of Steady State

14.1 The rate of weight change of a specimen is at steady state when that rate is essentially constant over a period that is a
minimum of siX consecutive weighings. However, additional weighings increase the confidence in the measurement.

14.2 The data from the beginning and/or the end of the weighing sequence is not always part of the steady state portion of the
test due to internal moisture content changes or loss of desiccant efficiency or excess water loss. Analysis of the data per section
14.3 is needed to ensure only steady state portions of the test are used for calculating WVTR.

14.3 The steady state portion of the test is most easily identified graphically. Plot the weight, modified by the blank specimen,
against elapsed time, and inscribe a linear fit which is helpful in determining when steady state conditions are reached. Judgment
here is required. When a straight line adequately fits the plot of at least six properly spaced points (periodic weight changes
matching, or exceeding 20 % of the multiple of 100 times the scale sensitivity), steady state is assumed. The slope of the linear
curve fit, during the steady state portion of the test only, is the water vapor transmission rate.

15. Calculation and Analysis of Results

15.1 Blank Specimen—The blank specimen is used to compensate for variability in test conditions due to temperature and/or
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barometric pressure fluctuations. The test specimen recorded weights are adjusted by calculating the weight change of the blank
specimen from the beginning of the test to time of weighing. This adjustment is made by subtracting the weight change of the blank
specimen from the weight change of the test dish at the time of weighing of both. This permits earlier recognition of steady state
conditions.

15.2 Theresultsof-therate-of-A mathematical least squares regression analysis of the weight, modified by the blank specimen,
as a function of time will give the water vapor transmission may-be-determined-etther-graphteally-or numerteatty-rate.

very low water vapor permeance, this method is used to determine the results after 30 to 60 days when using an analytical balance,

with a sensitivity of =1 mg, even if the weight change does not meet the 100 times the sensitivity requirement of 6.3. These
specimens must be clearly identified in the report. Reference Appendix X4 for discussion regarding measurements of near zero
or zero water vapor permeance (WVP) materials.

15.3 Calculate the water vapor transmisston,W-VF,and-permeaneetransmission rate, WVTR, and WVP as follows:

15.3.1 Water Vapor Transmission:

9 94 e al (v 1\ JA 1
Wwvi— Ulll'l — \Ull)lﬂ 1)

G (G )
WVIR = — =" )

where:

In inch-pound units:

G = steady state weight change, grains (from the straight line),
t = time during which G occurred, h,

G/t = slope of the straight line, grains/h,

A = test area (cup mouth area), ft*, and

WVTR = water vapor transmission rate, orains/h-ft>.
where:

G _  ohtol : . ; ] ieht-tine)-
t = time-during-which-G-oceurred;h;

Grt = slope-of-thestratght-tine,grainsth;

A = testarea teup mouth arca. 1t and

In metrieSI units:
G = steady state weight change (from the straight line), g,
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t = time, h,

G/t = slope of the straight line, g/h,

A = test area (cup mouth area), m?, and
WVT = e of water vapor transmission. o/
WVTR = water vapor transmission rate, o/h-m>.

15.3.2 Water Vapor Permeance:

P, WAL TFLA AV VAY ra n fa)
rCrncalice=—"vVv v 1I7.3[)"—"VW'V 1/;)\1\1 1\2, <)

L _WVIR __ WVIR )
VP = TSR, —R) @

where:

In inch-pound units:

vapor pressure difference, in. Hg,

saturation vapor pressure at test temperature, in. Hg,

relative humidity at the source expressed as a fraction (the test chamber for desiccant method; in the dish for water

method), and

relative humidity at the vapor sink expressed as a fraction.

dp
S

R,
R,

In metrieSI units:
Ap = vapor pressure difference, mm Hg (1.333 x 107 Pa),

S = saturation vapor pressure at test temperature, mm Hg (1.333 x 10 Pa),

R, = relative humidity at the source expressed as a fraction (the test chamber for desiccant method; in the dish for water
method), and

R, = relative humidity at the vapor sink expressed as a fraction.

15.4 In the controlled room or chamber the relative humidity and temperature are the average of values actually measured during

the test. In the dish the relative humidity is nominally 0 % for the desiccant and 100 % for the water. These values are usually
within 3 % relative humidity of the actual relative humidity for specimens below 4 perms [230 ng-Pa’'-s"'-m™] when the required
conditions are maintained (no more than 10 % moisture in CaCl, and no more than 1 in. [25 mm] air space above water).

15.5 Fhe-Perform the calculation of permeability is-optional-and-ecanbe-done-only when the test specimen is homogeneous (net
taminated)-and not less than % in. [12.5 mm] thick, eateulate-its-averagepermeability-as follows:
AVCI dgl Pl lllcdbilit_}’ — PCI eAancT Tili\-}\llcbb )

Permeability = WV P-thickness 3)

15.6 Corrections—It is important that all applicable corrections be made to all measurements that result in permeanee W VP value

more than 2-perm-2 perms [114 ng-Pa'-s"'-m™]. Corrections for materials with permeaneeW VP value betow2-perm2 perms [114
ng-Pa’'~s
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S
X e
< ,ﬁ - SPECIMEN
i SPECIMEN W . SURFACE
o A RESISTANCES
(*8}
"
1 STILL AIR RESISTANCE
DESICCANT/WATER
1 FIG. 1 Graphie-AnalysisReferenced Corrections in 15.6

s'\m™] or less are insignificant and need not be deneapplied (2). The procedures for making various corrections, as summarized
below, are found in the hterature:literature (2, 3, 4, 5, 69).Fig. 1 contains a diagram of the corrections referenced in this section.

My Palpi = pz\) @

7
Ty P2 Pa)

i
............. eststanee

15.6.1.1 When the material is highly permeable, these corrections become more significant. With known thickness of the still air
layer in the cup, the corresponding vapor resistance is calculated using the following equations (Eq 4 and Eq 5) for permeability.

~5.3081 X 10° <P0> ( T )"8'

«  RT \P)\491.67 @

€
=3
[¢]
e
a

permeability of still air, Perm in.,

temperature, °R,

ambient barometric pressure, in Hg,

standard barometric pressure, that is, 29.92 in. Hg, and
ideal gas constant for water, that is, 85.780 ft-Ibf-1b"'-°R"".

TR TR

2306 X107P, (T \'¥
= ®)

a R T-P 273.15

where:
permeability of still air, ke-m™s”'-Pa’!,

temperature, K,
ambient barometric pressure, Pa,

‘ 15.6.1 Corrections for Resistance due to Still Air and Specimen Surface—Surface: Tngeneral-if-the-matertalts-highty permeable;

N
I
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P, = standard barometric pressure, that is, 101325 Pa, and
R, = ideal gas constant for water, that is, 461.5 J K kgl
2.306 X 10 SPO ( T ygl
= ) LY ()
INTTT \ IJ.lJ/
where:
5 =
F =
P =
P =
& =

15.6.1.2 In the absence of any measured data, the surface resistances (that is, inside and outside surfaces of the specimen) may
be-is approximated by using Lewis’ retattorrrelation (59). For cup methods that follow this standard, the total surface resistance
(Hansen and Lund (6)) shoutd-be-is ~ 42.29 x 1072 h-ft>in.Hg-grains' (4 x 10 Pa-s-m*kgng ).

15.6.2 Edge Mask Correction—The following equation (Joy and Wilson_(1)) is to be used to correct the excess WV F-effect due
to edge masking:masking during specimen preparation:

400t
Percent excess WVT = log |\ v————n ) ©)
IUJ 1 \ T e
400-¢
Percent excess WVT = log, b ©)
TS5, 1+e” 7

where:
In inch-pound units:

t = specimen thickness, ft,

b = width of masked edge, ft, and

S, = four times the test area divided by the perimeter, ft.
where:

In SI units:

t = specimen thickness, m,

b = width of masked edge, m, and

S, = four times the test area divided by the perimeter, m.

15.6.2.1 If the cup assembly includes any edge masking this correction shall be made.

15.7 MetrieSI units and conversion faeterfactors are given in Table 1.
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2.306X107°x101325

/22.79+273.1 5\‘ 81

T2 4615x(22.79+273.15)x99860 | 273.15 )
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